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ProgramOverview
Sundayg July 10, 2011
8:00 am ConferenceRegistration orthe 2" Floor Marshall Student Centéuntil 4:45 pm)
Workshops

la:NSF CARERPposalgstarts at 8:30 am)

2a:Academic job search

3a: Integrating sstainabledevelopmentinto engineering courses
4a:Engaging students in the classroom

5a: Quantitative microbial risk assessment

4b: Teaching sing video lessons

5b: Environ. chemistry software

9:00amto 12 m

Workshops

1b: Navigating the early yeard academia
2b: Frontiers in environmental education
12:45pm to 3:45 pm 3b: Srategies for teaching writing

4c: Response to climate change
5c¢:Natural& engsystemsn the built environ
4d: Service learning project sustainability

Dinner

5:00 pm to 9:00 pm Networking Social (Clearwater Hilton, GQtfastbeach). Shuttles provided anc
' ' depart USF at 5:00 pmActivities to welcome new members organized by
AEESP membership committee.

Monday ¢ July 11, 2011

7:30am Conference Registration on 2nd Floor Marshall Student Center (udfijp4n)

7:30 am to8:30am Continental Breakfast availabletime MarshallStudentCenter(MSC)

8:30 am to 8:40 am Welcome byDr. Ralph C. Wilcg¥rovost and Executive Vice PresidéibF

8:40 am to 9:45 am Plenary Sessiol 5 S & A 3y A Yy witt 2. PRUNINGBtasE
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ProgramOverview contd)

10:00am to 11:45 an

Research and Educati@ral Presentations

11:45am to 100 pm

[ dzy OK t f Sy TFhalBay AftedS dniorgoNd Changing Our View of
9 R dzO I vith 2r.yd@mes Mihelcic

1:15pm to 415pm

Research and Educati@ral Presentations

6:00 pmto 9:30 pm

AEESMBusiness Meeting, Awards Ceremony & Dinner at Florida Aquariy
downtown Tampa (Shuttles provided and depart USF at 5:00 pm. They 1
starting at 8:30 pm and ending at 10:30 pmy7 m Registrants get to tour th
Aquarium. Buffet dinner starts at @3pm. Welcome by:Lisa Montelione
Member of the Tampa city council and the owradrSustainable Developmel
Strategies LLC

Aquarium is close to Chansigle area or you can take arolley to Ybor City if
interested in going out after thmeeting

Tuesday July 12, 2011

7:30 am

Conference Registration on 2nd Flddarshall Student Center (until 11:4fn)

7:30am to8:30am

Continental Breakfast availabletime MarshallStudentCenter(MSC)

8:30 am to 8:40 am

Welcome byDr. John WiencekProfessor 8Dean,USFCollege of Engineering

8:40 am to 8:45 am

Plenary Sessiom/ £t AYI 0S / KIy3aS FyR 5S@St 2LJ]
FyR alyl3Ay3 (wWeHEDr. ResinaBeeibdimo t S ¢

10:00am to 11:45am

Research and Educati@ral Presentations

11:45am to 100 pm

Lunch with activities led by the AEESP government affairs committee
strategic planning committeeat the MSC BallroomWelcome by:Dr. Kala
Vairavamoorthy Director, PateSchool of Global Sustainability

1:15 pm to 3:3m

Research and Educati@ral Presentations

3:45pm to 6:30 pm

Poster Session and Social at USF Interdisciplinary Research Building @2Re

7:00 pmto 9:00 pm

Dinner &"Legacy Celebration: Round&jsted by Dr. Wayne Echelberger and
Dr. Phil Singer at Embassy Suitéanouncemenbf contestwinners.



http://www.aeesp2011.com/keynotespeakers/index.html
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AEESMVelcomeletter

Ahoy, AEESP Maties! (come to the Monday night business meeting and awards ceremony to understand
the motivation for the piratealk):

On behalf of the AEESP Board of Directors we would like to welcome you to the AEESP 2011 meeting. This

is certainly an exciting time to be working at the forefront of education and research in environmental
engineering and science. The conferencentl dntegrating Global Sustainability into Education,
wSAaASHFNODKZ FyR tNIOGAOS: OFLIidzNBa GKS oNBFROGK 27F
depth of our impact which occurs through educating future leaders in education, research ancepract

Our field is one that evolves rapidly and dramatically, and this conference gives us the opportunity to
come together and recalibrate ourselves to keep up with changing priorities for the future.

Our biannual AEESP meetings are truly unique aamldrgely without peer among professional societies

- something that we thank our visionary legacy members for. We are a highly collegial group of
professors, practitioners and students who take the time and make the effort to convene every two years
to shae our most exciting research discoveries, to learn about educational and teaching strategies, and
to debate the most pressing real world issues in the field. The biannual conference creates an
environment where we can convene to address the needs andrtapfiies in environmental
engineering and environmental science teaching and research, with unrestrained passion and conviction.
Workshops are put on by volunteers and are designed to engage in healthy dialog about issues of
importance to the field, tdearn new educational strategies, to learn about wbf& balance, and to

share tools and skills that give everyone a chance to be successful. What a wonderful community of
people!

tKAa &SIFNDRna O2yFTSNByYyOS 2NEHI yAl S&done B NEdaculaKi@® in! yA @S|
planning what we know will be an enriching and educational program for everyone. They are very ready

to host you, and please thank them for their hard work when you see a member of the organizing
committee over the next few ga. We close by wishing you a wonderfully fulfilling conference. And

R2y Qi F2NHSG G2 KI @Bbofh gahxobArghh OSNI YS (GAY0OSNAZ

Nancy Love Joel Burken
20102011 AEESP President 20112012 AEESP President
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OrganizingCommittee - Welcomeletter

On behalf of the organizing committee of the 2011 Association of Environmental Engineers and Science
Professors (AEESP) Research and Education Conference, we welcome you to Tampa, to the University of
South Florida (USF), and to y@anference.

The biennial Research and Education Conference is the flagship event for AEESP members to exchange
AYTF2NNYEGAZ2Y 2y y2@0St NBaSINOK FyR SRdzOFdGA2y It | Of
as an effective, exciting, and enjoyabborum for the exchange of information between and within the
academic and practitioner communities, particularly relating to the advancement of innovative research

and to the preparation of students for professional practice in environmental engingering

2 KAfS @2dz INB KSNBI @&2dz gAff 0 S-- Glabdl Sustairbilit E LI 2 NE
Implications for Research, Education, & Practicehrough 13 preConference workshops, three
presentations from invited keynote speakers, 140 poster emtesions, and more than 100 oral
presentations. We hope you will also enjoy other Conference features such as a photography
competition, student poster competition, recorded interviews of AEESP membets,cantinuing an

activity started in 2005 at # Conference hosted by Clarkson University OSf SO NI GA2Yy 27
YSYOSNERE 2F 199{to®

Many people have contributed to the success of this Conference. We especially thank our sponsors: the
National Science Foundation, American Water Works AssmtiaWater Environment Federation,
Environmental Research & Education Foundation, International Water Association, Springer Publishing
Co., John Wiley & Sons Inc., CH2M HILL, Hazen and Sawyer, HBRrithe. Water Environment
Association Tetra Tech Inc.USF College of Engineering, USF Department of Civil and Environmental
Engineering, USF Office of Sustainability, USF Office of Research & Innovation, and the Patel School of
Global Sustainability at USF. We also thank technical committee membersn segxlerators,

workshop organizers, platform and poster presenters, legacy members of AEESP, judges of student
posters, members of the AEESP Board of Directors and AEESP Conference Planning Committee, AEESP
staff, and USF students and staff.

Once againwelcome to the 2011 Research and Education Conference!

Maya Trotz & Jeffrey Cunningham
2011 Conference ethairs
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2011 AEESP RESEARCH AND EDUCATION CONFERENCE ORGANIZING COMMITTEE
DANIEL YEH, JEFFREY CUNNINGHAM (CO-CHAIR), JAMES MIHELCIC, KALA VAIRAVAMOORTHY
AMY STUART, MAYA TROTZ (cO-CHAIR), QIONG JANE ZHANG, SARINA ERGAS
MISSING FROM PICTURE: WAYNE ECHELBERGER & LINDA PHILLIPS

Jeffrey Cunningham& Maya TrotZConferenceco-chairs)
Wayne Echelberger
Sarina Ergas
James Mihelcic
Linda Phillips
Amy Stuart
Kala Vairavamoorthy
Daniel Yeh
Qiong Jane Zhang
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TheUniversity of South Forida (USF)ig y S 2F GKS yIFGA2yQa G2L) Lzt A0
only 25 public research universities nationwide with very high research activity that is designated as
community engaged by the Carnegie Foundation for the Advancement of Teadkstg serves more

than 47,000 students in Tampa, St. Petersburg, Sarddatzatee and LakelandUSF offers 232 degree
programs at the undergraduate, graduate, specialist and doctoral levels, including 89 bachelor, 97
master, two ed specialist, 36 research doctoral, and four professional doctoral progt#Bhs is
accredited by the&Commission on Colleges of the Southerrodiaion of Colleges and Scho{BACS)

The 2011 U.S. News & World Report annual college rankings placedittegsity of South Florida as

oy S 27F (i K andledining uhigessitie's USFeceived over $360 millidn research grants and
contractsin the 2007/2008 fiscal yedthe most recent for which the data are availabldh a 2009
ranking by the Chronicle of Higher Education Almarihe University of South Florida was rated the
fastest growing U.S. university in terms of obtaining federal researchsf(mm@13% increase from 2000

to 2007) Last month, USF appeared as one of only 14 universitiesthe only university in Floridan

a list of 300 organizations awarded the highesmber of U.S. patents last year

The (ollege of Engineering at USF comprises six academic departments: Chemical & Biomedical
Engineering, Civil & Environmental Engineering, Computer Science & Engineering, Electrical Engineering,
Industrial & Managemen$ystems Engineering, and Mechanical Engineeiing. mission of the College

of Engineering is to improve the quality of lifat.hcommunity byproviding a high quality education for

its students and practicing professiosabycreating new knowledge ahsolving real world problems via
innovative resealt, and byengaging in effective community service and outreadBy providing a
relevant, high quality educational experienceiteistudents and by being a leader in innovative research
in the areas obustainability, renewable energgind biomedical engineering, the College of Engineering
aspires to be a peer among engineering programs at resdantised public universitieShe College of
Engineering has 17 faculty members who are NSF CAREERredpients including nine with active
awards.

The Department of Gvil and Environmental Engineering at USF tpduates approximately 100
undergraduate engineers every year and has approximately 200 graduate students, about 80 who are
working on a doctoral dege. Two faculty recently received distinguishedlREERwards from the
National Science FoundatioResearctrentersin which our students are involvattlude the Center for
Modeling Hydrologic and Aquatic Systems, the Clean Energy Research Cerifes, @edter for Urban
Transportation Research.

Vi
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Soonsorhip Level

Level

Soonsor

Logo

University of South Florida (USF)

UNIVERSITY OF
SOUTH FLORIDA

Gonference USFCollege of Engineering
National Science Foundation (NSF) @
UNIVERSITY OF
SOUTH FLORIDA
COLLEGE OF ENGINEERING
Bvent CH2MHil CH2MVHILL.
Patel School of Glob&bustainability e L e
Session “/SGI b a%)_l_ A‘\\ iibaiiiforics
AWWA ustamability Amarican
n Environmental Research
i . . & Educahon Foundatlon
Environmental Research Bducation FoundatiornEREF
. HAZENAND SAWYER
S)nnger WI LEY Environmental Engineers & Scientists
WILEY Publishers Pubhshers Since 1807 @
Springer
Ha.zen & SaWyer science+business media
HDR I i ) z Water Environment
o Federation
Sudent IWA Publishing the water quality people”
Water Environment Federation International USF RESEARCHG
Water Association UNIVERSITY OF
USF Office of Sustainability SOUTH FLORIDA
USFOffice of Research and Innovation ’W‘ ,%W SUSTAINABILITY
FEIO"IGGW § for a cleaner, greener USF
nv

Horida WaterEnvironment Association
Tetra Tech

TETRATECH

Tt

Vil
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GonferenceTechnicalCommittee

Jeffrey Cunningharfuniversity of South Florida)
Maya TrotZUniversity of South Florida)

Lilia Abron(PEER Consultants)
Defne ApulUniversity of Toledo)
Daniel CohafiRice University)
John CrittenderiGeorgia Institute of Technology)
Marc EdwardgVirginia Polytechnic Institute and State University)
James Edzwal@)niversity of Massachusetsmherst)
Sarina Erga@niversity of South Florida)
April Gu(Northeastern University)
Timothy HaugAAEE Trustee, Loyola Marymount University)
Kimberly Jone@Howard University)
YoungShin JurfwWashington University in St. Louis)
Daniele Lantagn@Harvard University & Center for Disease Control)
Heather MacLeatUnivesity of Toronto)
James Mihelci@University of South Florida)
Shelie MillerUniversity of Michigan
Debbie Niemeie(University of Californi®avis)
Catherine PetergPrinceton University)
Debra ReinhartUniversity of Central Florida)
Diego Ross(Univesity of Californidrvine)
Michael SelngAAEE Trustee, formerly Sanitation Districts of Los Angeles County)
Bradley Striebigdames Madison University)
Amy Stuar{University of South Florida)
Daniel YeliUniversity of South Florida)
Qiong Zhan@Universty of South Florida)
Julie Zimmermaliyale University)

viii
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Plenary Keynote SoeakerBiographies

Paul Anastas Ph.D.,is the Assistant Administrator for EPA's Office of Research
and Development (ORD) and the Science AdvistinecAgency. Known widely

as the "Father of Green Chemistry" for his groundbreaking research on the
design, manufacture, and use of minimatlbxic, environmentallyfriendly
chemicals, Dr. Anastas has an extensive record of leadership in government,
acadenmia, and the private sector. He earned his B.S. from the University of
Massachusetts at Boston and his M.A. and Ph.D. in chemistry from Brandeis
University.At the time he was nominated by President Obama to lead ORD, Dr.
Anastas was the Director of the Qen for Green Chemistry and Green
Engineering, and the inaugural Teresa and H. John Heinz IIl Professor in the
Practice of Chemistry for the Environment at Yale University's School of Forestry and Environmental
Studies. Prior to joining the Yale faculty, Bnastas was the founding Director of the Green Chemistry
Institute, headquartered at the American Chemical Society in Washington, D.C. From 1999 to 2004 he
worked at the White House Office of Science and Technology Palicy, concluding his servics there a
assistant director for the environment. Dr. Anastas began his career as a staff chemist at EPA, where he
rose to the positions of chief of the Industrial Chemistry Branch, and director of the U.S. Green
Chemistry Program. It was during his work af\Efat Dr. Anastas coined the term "green chemistry."

Trained as a synthetic organic chemist, Dr. Anastas' research interests have focused on the design of
safer chemicals, bibased polymers, and new methodologies of chemical synthesis that are more
efficient and less hazardous to the environment. A leading writer on the subjects of sustainability, green
chemistry, and green engineering, he has published ten books, including "Benign by Design," Designing
Safer Polymers," "Green Engineering"” and himisal work with ceauthor John Warner, "Green
Chemistry: Theory and Practice."

Dr. Anastas has been recognized for his pioneering work with a host of awards and accolades including
the Vice President's Hammer Award, the Joseph Seifter Award for Sciéhtdalence, the Nolan
Sommer Award for Distinguished Contributions to Chemistry, the Greek Chemical Society Award for
Contributions to Chemistry, the Inaugural Canadian Green Chemistry Award, a Scientific American 50
Award for Policy Innovation, the Joldeyes Award from the Royal Society of Chemistry, and an Annual
Leadership in Science Award from the Council of Scientific Society Presidents. He was a Special Professor
at the University of Nottingham and an Honorary Professor at Queens University istBelfere he

was also was awarded an Honorary Doctorate.

(Biosketclobtainedfrom: http://www.epa.gov/ord/htm/anastas_bio.htm
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Plenary/Keynote SoeakerBiographies

Rosina Bierbaum, Ph.D.js the Dean of the School of Natural Resources and
Environment (SNRE) at the University of Michig&me has earned a B.A. in
English and B.S. in Biology from Boston College and a Ph.D. in Ecology and
Evolution from the State University of New York, St&ngok. In April 2009,
President Obama named her to the President's Council of Advisors on Science
and Technology (PCASTI April 2008, Dr. Bierbaum was selected by the
World Bank to ceauthor and cedirect World Development Report 2010:
Development and Climate Change.Published since 1978, the World
Development Report is an annual publication that focuses on a different topic each year and aims both
to consolidate existing knowledge on a particular aspect of development and to stimulate debate on
new directions for development policykor the first time, this reponvas aimed at helping nations think
about how sustainability, mitigation and adaptation to climate change and development can be
achieved simultaneously.

Dr. Bierbaum is an elected Felloof the American Academy of Arts and Science as well as of the
American Association for the Advancement of Scienoe2010 she received a Distinguished Service

Citation from the Ecological Society of America for her "long and distinguished servit&' $oi¢ntific

community and her ecological work in the public intereShe was awarded the Waldo E Smith medal of

GKS 1 YSNAOlIY DS2LKeaAlrt !'yiazy FT2N WSEGNI 2NRAYIl NEB
awarded the Environmental ProtectiorBl Sy O Qa a/ f AYF GS t NBGSOGA2Y ! g1 NF

She currently serves as a board member for the Federation of American Scientists, The Energy
Foundation, the Gordon E. and Betty |. Moore Foundation, and the Environmental and Energy Study
Institute. SheisalsoamerfoNJ 2 F GKS LYGSNYyl GA2yLFf ! ROAA2NE 2 N
YR GKS 9Y@PANRYYSy(é¢ FyR (KS 9ESOdziA@®S /2YYAGGSS
Dr. Bierbaum serves as the U.S. Scientific Expert, Permanent Court of AbitBDisputes Relating to

Natural Resources and/or the Environment, in the Hague.

Prior to joining the School of Natural Resources and Environment, Dr. Bierbaum was acting director of

the Office of Science and Technology Policy (OSTP) from Januayya20Q@teceding that, she directed

the first Environment Division at OSTBr. Bierbaum was confirmed by the U.S. Senate as Associate
Director for Environment of OSTP on July 30, 199K S A SNIBSR Fa GKS | RYAYA &N
advisor on envibnmental research and development, with responsibilities for scientific input and
guidance on a wide range of national and international environmental isslibese included global

change, air and water quality, biodiversity, ecosystem management, emvental monitoring, and

energy research and development.
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{KS $2N]J SR Oft2aSteée gA0K GKS t NBAARSY(Qa -chairdilA 2 y I §
its Committee on Environmental and Natural Resources, which coordinated the $5 billion federal
research and development efforts in this area, including the (then) $2 billion US Global Change Research
Program. Bierbaum led the U.S. government reviews of the IPCC second and third assessment reports in
1995 and 2000.She also led the US delegationsthe Intergovernmental Panel on Climate Change

(IPCC) Plenary in Shanghai in 2001, the IPCC Plenary in Montreal in 1999, and the IPCC plenary in Costa
Rica in 1998, and served as alternate head of delegation to the IPCC plenary in Mexico City $h&996.
headed the U.S. Delegation for the U.S./China bilateral on Climate Science in 2000.

5NX . ASNDIdzyQa OFNBSNI AY 21 aKAy3d2y o6S3aly Ay wmdyn
She then continued working in the Office of Technology Assessment (@TA) wide range of
environmental issues, helping various Committees of the Congress tackle the emerging science and
policy concerns posed by acid rain, marine pollution and mining, urban smog, ozone depletion, energy
production and climate change. Her wded to 9 booklength publications and positions as Assistant

Project Director for Acid Rain in 1982, Senior Analyst in 1985, and Project Director for Climate Change in
1988.LY mMdpdpMI &KS 4+ a | o|--B&iSrRAssbciate.Qd KA IKSald K2y 2N

In addition b publishing many articles in technical and popular journals, Dr. Bierbaum is -nettoar

2F GKS NBLR2NI a/2yFNRYyGAYy3 [ EAYILGS [/ KFEy3aSy | g2
L'y @2ARIF0fSé LINBLINBR Fd (GKS NBI dzS et (2807). SheKiS / 2 YY)
also the primary author o€hangingByDegrees: Steps to Reduce Greenhouse Gases. This report (1991)
identified a series of technical options to reduce both U.S. and worldwide emissions. In 1993, she
directed and was the primary author of the two volume study, Preparing for an Uncertain €limat

which outlines a sustainable development strategy for the United States. This report was the foundation
F2N) 6KS | yAGSR {G1rGSaqQ F2N¥YIf adzoYAaaizya 2y ! RIL
Climate Change in 1995 and 1997.

(Biosketch obtained fromhttp://www.snre.umich.edu/profile/rbierbay
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Plenary/KeynotesSpeakersBiographies

JmesR Mihelcic Ph.D., is a Professor of Civil and Environmental Engineering
and a State of Florida 21st Century World Class Scholar at the University of South
Florida. He earned his B.S. in Environmental Engineering from Pennsylvania State
University and his M.S. anch® in Civil Engineering from Carnegie Mellon
University. His teaching and research interests are in sustainability, water and
sanitation, design and operation of appropriate technology, green engineering,
and reform of engineering educationHe directs at S| OS / 2NlJa al &l
International Program in Civil and Environmental Engineering. This program
allows students to combine their graduate education and research with service in the Peace Corps as a
water/sanitation engineer.Dr. Mihelcic is lead authoof 3 textbooksiFundamentals of Environmental
Engineering(John Wiley & Sons, 199%jeld Guide in Environmental Engineering for Development
Workers: Water, Sanitation, Indoor AIrAKCE Press, 2009); anBnvironmental Engineering:
Fundamentals, Sustaindity, Design John Wiley & Sons, 2010).

Dr. Mihelcic is a past president of the Association of Environmental Engineering and Science Professors.
He is a current Board Trustee and Board Certified Environmental Engineering Member of the American
Academy 6 Environmental Engineers (AAER)e is a member of the EPA Chartered Science Advisory
C2FENR O6{! .0 YR Ffaz2 GKS 9t! {! H&kas thyelBheX@ngivélp y G I f
in the developing world to serve and conduct research on susténddvelopment related to providing

water, sanitation, and hygieneSome of his recent field trips have been to Bolivia, Dominican Republic,

Fiji, Honduras, and Madagascar.

He has received several education and research awards from students, AEE3I, Aametican Society

for Engineering Education (ASEB)ese awards include an AEESP Doctoral Thesis Award, the AEESP
Wiley Interscience Award for Outstanding Contributions to Environmental Engigeé Science
Education, and 8est Paper Award from th&nvironmental Engineering Division at the American
Society for Engineering Education.
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WorkshopTopics

Full Workshops

Contact for more

Title Organizers . .
information

Jeff Cunninghantniversity ofSouth

la | NSF CAREpRoposalworkshop Florida

cunning@usf.edu

Sharon Walke& David Cwiertny , U(

1b | Sarting off right: Navigating the Siverside swalker@engr.ucr.edu

early years of academia

Navigating the Academic Job
Search: A Workshop for
Graduate Studentfost Docs
and Practitioners

Defne Apul, Unersity of Toledo,
Andrew J. Whelton, NIST and the
AEESP student services committee

defne.apul@utoledo.edu

2a . .
ajwhelton@gmail.com

Angela Bielefeldt, Univ. CO, Joel
Fontiers in Environmental Burken, Missouri S& Joe Hughes,
2b Education Georgia Techharon Jones, Lafayet] burken@mst.edu
CollegeKurt Paterson, Michigan
Tech, Deb Reinhart, Univ. Central F

Integrating Sustainable Cliff . Davidson, Syracusaiversity
Development into Courses John C. Crittenden, Georgia Tech., .
3a o ) : ) davidson@syr.edu
throughout the Engineering Julie B. Zimmerman, Yale, Qiong
Curriculum (Jane) Zhang, Univ. South FL

Jen Felayashington DCBrian E.
Whitman, Wilkes UnivJulie Zilles,
Uniwersity oflllinois Urbana
Champaign

Giving your students an edge:
3b | efficient strategies for teaching
writing skills

jzilles@illinois.edu
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How Do | TeachX?

Title

Organizers

Contact for more information

Engaging Students in the

Joel Burken, Missou8B&T Jeanine
D. Plummer, Worcestdrolytech,

4a . . jplummer@wpi.edu
Classroom Environment Jeanne VanBriese@arnegie P @wp
Mellon Univ.
Using Video Lessons to Enhan
4b | Learning and Classroom Philip T. McCreanor, Mercer Univ.| Mccreanor_pt@mercer.edu
Interactions
Response taclimate change: Glenn SchradetJniv AZMaya
4c | adaptation, mitigation, and Trotz, Univ. South FL ardlan afeldman@usf.edu
sustainability Feldman, Univ. South FL
Integrating Intensive Service Bruce DvorakiJniversity of
g . g ) . Nebraska, Angela R. Bielefeldt,
4d | Learning Projects into . : . bdvorak@uninotes.unl.edu
o University of Colorado, Craig Just,
Sustainability Courses . .
University of lowa
Teaching Quantitative Microbia] Charles N. Haas, Drexel Univ.,
5a | Risk Assessment Environ. Patrick LGurian, Drexel Univ., weirma@msu.edu
Engr.& Science Mark H. Weir, Michigan State
, . cabaniss@unm.edu
Software used in teachin N .
5b _ _ g Steve Cabanisilniv.New Mexico
environmental chemistry
Sustainabilityg An Integration _ _
. of Natural And Engineering Daniel Becker, Plunkett Raysich dbecker@prarch.com

Systems In The Built

Environment

Architects, Milwaukee WI
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Room 2708 3707 2709 3705 3709
Plaza Oak Hillsborough Manatee Heron
8:30 la:
NSFCAREER
proposal 2a: 3a: 4a: 5a: Quantitative
Academic job Integrating Engaging students in| microbial risk
9:00 search sustainable the classroom assessment
development into
Engrg Courses
Room 37_08 3711
Sandhill Crane Egret
4b: 5b:
10:30 Teaching using video| Environ. Chemistry
lessons software
12:00 Working Lunch (for am full workshops)
Room 3707 3709 3708 3711 3705
Oak Heron Sandhill Crane Egret Manatee
1b: 2b: 3b: 4c: 5c:
Navigating the | Frontiers in Strategies for Response to climate | Natural & eng
12:45 early years of environ mental teachingwriting change systems in the built
academia education environ
Room . 20e
Hillsborough
4d:
Service learning
2:15 projects &
sustainability
3:45 Get Ready to Go to Clearwater Beach
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WorkshopDescriptions

la. NSEEAREER WORKSHOP

b{CQ& CI Odzf G& 9FNXe& /I NBSNI 5SS t-gidelaSivityl that dfferavtBed wo  t
National Science Foundation's most prestigious awards in support of junior faculty who exemplify the role of
teacherscholars through outanding research, excellent education and the integration of education and
research within the context of the mission of their organizations. NSF envisions that the CAREER award will
help awardees to build a firm foundation for a lifetime of leadershijntagrating education and research

and to develop careers as outstanding researchers and educators who effectively integrate teaching, learning
and discovery. Because of the importance of the CAREER program in establishing the next generation of
teacherscholars, and because of the significant opportunity that this award represents to awardees, a
workshop dedicated to the NSF CAREER program will be conducted as part of the 2011 AEESP Research and
Education Conference.

NJ

Objectives of the NSF CAREER worksine:

1. Inform and familiarize participants with the NSF Faculty Early Career Development Program;

2. Inspire participants to reflect on their roles as teaclseholars who integrate teaching, learning,
research, and discovery;

3. Stimulate discussion concernipgrsonal and professional growth as a tertirck faculty member in
environmental engineering and science; and

4. Offer practical advice to participants on preparing effective CAREER proposals.

8:30¢ 8:45 Welcome and introduction Jeffrey Cunningham (Uni8outh Florida)
8:45¢ 9:15 ab{ C /! w99w LINR 3 NJ| Paul Bishop (National Science Foundation)
] Pat Brezonik (University of Minnesota),
9:15¢ 9:45 Z\?z;]lig:c.j’ljow are CAREER proposals Jim Mihelcic (University of South Florida),
' Tom Theis (Univetsyi of lllinois¢ Chicago)
9:45¢ 10:00 | Networking break
Ramesh Goel (University of Utah),
Keri Hornbuckle (University of lowa),
10:00¢ 10:30 Panel #2: C_ongratulations, you are a Kimberly Jones (quard University),
' ' CAREER winner! Now what? Eric Marchand (Univ. Nevadd&reno),
Kara Nelson (Univ. Califorrgderkeley),
Amy Stuart (University of South Florida)
10:30¢11:00 |Gt £ F Yy Ay 3 &2 dzNJ OF N Nancy Love (University of Michigan)
11:00¢11:30 |[a Ly G S3ANI G A 2 y§ R@&O INE Jeanne VanBriesen (Carnegie Mellon Univ.
11:30¢ 12:00 | Lunch brought to room
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12:00¢12:30 |[Ga& FFAf SR /! w9 9 wé Joseph Hughes (Georgia Tech.)
12:30¢ 12:45 | Concluding remarks Paul Bishop

1b. STARTING OFF RIGHT: NAVIGATING THE EARLY YAEAREMRA

Presented by Sharon Walker and David Cwiertny, University of California Riverside

This workshop is intended to provide useful tools and insights to junior faculty working through the
ranks from Assistant to Associate Professor. It should beoad dollow up workshop for those
participating in the morning NSF Career Award or Academic Job Search programs. Highlights of the
programming will include focusing on issues relevant to the sete@ehingresearch obligations that

we all try to balanceThe session will be a combination of speakers and panelists talking on the issues of
finding worklife balance, identifying funding opportunities, and navigating the tenure review process.
The panel will be composed of recently tenured faculty, prograectiirs, and department chairs.

We also will have brea&ut groups based upon the type of institution participants are at (research or

LINA Yl NAf & dzyRSNEN} Rdzr 1S AyadAddziazyao G2 ySiae2N]

A department chir/program head and recently tenured faculty member will participate in each of these
breakout groups. To link to the trans@A Lt Ay I NB | yR 3ft26Ff GKSYS 2F (K
speakers and panelists will also be asked to address issues rétaiaterdisciplinary research and
collaboration, working in developing countries, and community outreach and their role in the tenure
process.

Speakers

- Panel members: Mark Weisner (Duke University), Nancy Love (University of Michigan), Allison
MacKay (Uiversity of Connecticut), Dharni Vasudevan (Bowdoin College), Amy Childress (University
of Nevada), Steve Mylon (Lafayette College),and Michelle Scherer (University of lowa)

- Barbara Minsker (Professor of Civil and Environmental Engineering, UIUC anNbhuth@ & ¢ KS W2 @
t NEFTSaaz2NE0 G2 aLISI] Fo2dzi K2g G2 2dz33tS GKS Yl y

- Mitch Boretz (Grant Writing Specialist, Bourns College of Engineering, University of California,
Riverside) to speak on funding opportunitiésr junior faculty members trying to build their
laboratory and get a solid start.

Registration

One of the goals of this workshop is to help junior faculty connect with recently tenured faculty and
program heads/department chairs that can servenasntors to them. Hence, we would like to know

K2 A& LINILHAOALI GAY3I Ay FTRGIFIyOS a2 GKFIG GKS o0NEBI
important connections. Therefore, we would like to request that you send an email to Sharon Walker
(swalker@engr.ucedu) to sign up for the workshop by JunewlBAlso, when you email to register,

10
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please include a few questions that you have on navigating the early years of academia. We will try to
AYO2NILIR2 NI S @2dzNJ |jdzSaidA2ydiscusson.i2 GKS ALISF{ISNBQ |yl

2b. FRONTIERS AND CHALLENGES IN ENVIRONMENTAL EDUCATION TOPICS

This workshop will discuss current challenges and related frontiers in environmental education topics
(not methods) that are rapidly changing and expanding. At the same time ddridigrowing at the
highest rate of any engineering and technology fields. The concurrent expansion creates unique
challenges for our field.

Environmental science and engineering is rapidly expanding in scale and in professional scope. The
engineering cmponents in particular have evolved from central seeds of water and wastewater
treatment, and have grown to encompass much more. Environmental and civil/fenvironmental engineers

still have primary responsibility for air pollution controls and water and esmater treatment and

conveyance infrastructure that is a large portion of the overall field in terms of workforce and project

scale, however the field now encompasses tremendous workforce aspects in water resource
management, remediation and protection; raipollution control; solid waste management;
AYRAZAGNA Lt k AyadAalbdziazyl f SYG@ANRYYSyGlft YIYylF3SySyi
greater society. Our field will also be greatly impacted as climate change aspects are addressed and
when congiering CQ I yR ff 3ANBSyK2dzaS 3IlFrasSa (2 o6S WNB3Ad:
transformational to our field. As we address these topical or thematic challenges we also face
communications and infrastructure challenges in our broad and interdisciplireddy f

Leaders will present information to seed discussions, and also disseminate some of the materials that
gAff K2LISTFdzZ fe& NBadzZd FNBY | ylLGA2ylIf H RIFI@& WCNRY
unfortunately limited to 50 participants,and this workshop in Tampa will serve as a
continuation/extension of the national discussion and advancement on these challenges and resulting
frontiers.

Intended Audience

Program and departmental chairs and coordinators are particularly targeted invtrikshop and a
continued national dialog is expected. A direct goal of this workshop series is to develop a lasting
communication platform for this group and to their faculty. Such a communication platform is lacking in
our field as environmental engingag and science field has developed in a diverse manner from civil
and chemical engineering, chemistry, biology etc. and now a convergence in interests is warranted.
Basically, we have no national equivalent of ASCE, AIChE, ASM etc. The audienceiigdsinglude
members from organizations (AAEE, ASEE) and professional societies noted above with many goals and
interest analogous to our field.

11



education
Eresearch
conference
university-
f sout

Workshop Leaders

1 Angela Bielefeldt; University of Colorad®oulder, AAEE Env. Eng Division former Chair and
currently Director

9 Joel Burkerr Missouri S&T, AEE&President Elect

1 Joe Hugheg Georgia Tech AAEE/AEESP Member

9 Sharon Joneg Lafayette College, AEESP Board of Directors, ASEE Env. Eng. Division program
chair

1 Kurt Patersorg Michigan Technological Umrsity, ASEE Env. Eng. Division AEESP Educational
Committee

1 Deb Reinhart University of Central Florida, AAEPast President

3a. INTEGRATING SUSTAINABLE DEVELOPMENT INTO COURSES THROUGHOUT THE ENGINEERII
CURRICULUM

The Center for Sustainabengineering (CSE) and the Center for Green Chemistry and Green Engineering
at Yale (CGCGE) propose-ho8r workshop at the AEESP conference Julg2,(2010 in Tampa. This
workshop is designed for engineering educators to expand their capacity to integtedtainable
development design principles into existing engineering curricula. Our strategy is to empower
participants through guided practice with a set of learning activities and tools that can be applied to the
learning environments distinctive to tireown institutions. The intended audience is anyone involved in
engineering education interested in learning more about incorporation of sustainability into their
courses, including but not limited to tenure and ntanure track faculty members, graduastudents,

and postdocs who are teaching or intend to teach. Participants in former CSE or CGCGE workshops will
be encouraged to attend and assist in serving as breakout group moderators.

We propose the following agenda for theh®ur workshop:

1. Introduction, goals of the workshop, and plan to achieve the goals (Cliff 10 min)

2. What is the CSE? (John 5 min) What is the CGCGE? (Julie 5 min)

3. Assignment for breakout groups (Jane 10 min): Identify the most important concepts in
sustainability for engineering stients to learn (either general concepts appropriate for any
course, or coursapecific concepts), and identify tools and metrics of sustainability that could
be included.

Breakout groups meet (1 hour). Approximateht® people per breakout group.

Plenarysession reconvenes. Each group presents the results of their deliberations (30 min).
Tools and metrics of sustainability (John 10 min plus 5 min Q&A)

The CSE Electronic Library (Cliff 10 min plus 5 min Q&A

Textbook by Mihelcic and Zimmerman (Julie 10 rping 5 min Q&A)

Learning Suites (Jane 10 min plus 5 min Q&A

©o N OA
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10. Evaluations distributed to all participants

Since a goal of the workshop is to allow educators interested in sustainability to interact with one
another, we will request a list of registrantsrfthe workshop ahead of time and prepare a list of
participants with contact information, courses taught or planned, and specialty areas of
research/teaching. All participants will be added to the distribution list of emails for future activities in
SE thacurrently includes all participants in previous CSE and CGCGE workshops.

Workshop Leaders

Center for Sustainable Engineering / Center for Green Chemistry and Green Engineering at Yale
Cliff I. Davidson, John C. Crittenden (CSE)

Julie B. Zimmerman, Qioiigane) Zhang (CGCGE)

3b. GIVING YOUR STUDENTS AN EDGE: EFFICIENT STRATEGIES FOR TEACHING WRITING SK

Intended audience

Environmental engineering and science professors who believe writing skills are an important
component of an engineering educatigwhether or not they are currently emphasizing this topic in
their classes).

Summary
Discover the fundamentals of good technical writing and learn methods to teach your students to write
more effectively. This interactive workshop will help faculty:

Identify writing-based objectives for their courses or curriculum,
Educate themselves about writing,

Design assignments that are structured to help students succeed,
Assist students with setforrection, and

Provide feedback in an efficient manner.

arwNPE

The workslp will be handson, with text written in class used to illustrate the techniques presented.
Case studies will be presented from undergraduate and graduate environmental engineering courses to
illustrate different ways of integrating this information intocourse or a curriculum. Breakout groups

will allow patrticipants to brainstorm plans for implementing changes in the specific context of their
course responsibilities and broader curriculum.
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Workshop organizers

1 Jen Felais a freelance science writed aditor based in Washington, D.C. As an undergraduate,
she earned a B.S. in Environmental Science and a B.A. in English with a Writing Concentration
from Wilkes University. She has over 10 years of experigniteng and editing for scientific
organizatias, including the Ecological Society of America, Smithsonian Institution, and Water
Environment Federation.

9 Dr. Brian E. Whitman is the Chair of the Environmental Engineering and Earth Sciences
Department and Associate Professor of Environmental EngirgeatiiVilkes University, a small
private university that focuses on undergraduate education. His experience comes from
incorporating writing in his courses and from leadership of a committee instituting a university
wide requirement to include writing inlaindergraduate curricula.

9 Dr. Julie Zilles is in Civil & Environmental Engineering at the University of lllinois Urbana
Champaign. She emphasizes writing in a required graduate class on biology for environmental
engineering and has developed an electivaduate class focusazh scientific writing.

Case study presenters

9 Dr. Shankar Chellam (Professor, University of Houston) has intensive writing and presentation
requirements in an undergraduate introductory course in environmental engineering,
developedin cooperation with Ms. Nancy Linden from the engineering library and technical
communications director Dr Chad Wilson. Dr. Chellam received the W.T. Kittinger Outstanding
Teacher Award in 2008.

9 Dr. Laurie McNeill (Associate Professor, Utah State Uniyeisiorporates writing assignments
in all of her undergraduate and graduate classes, including one withregeisite writing class
taught by Dr. Sonia Manu&lupont. Dr. McNeill is the 2010 Carnegie Professor of the Year for
the State of Utah.

1 Janel Mier (Adjunct Assistant Teaching Professor, Carnegie Mellon University) is developing
methods to integrate technical communication in the CEE curriculum. Previously, Ms. Miller
was Director of Automotive Engineering for Advanced Transportation Systefhsoat, Inc.

91 Dr. Belinda Sturm is an Assistant Professor in Civil, Environmental & Architectural Engineering at
the Universityof Kansas. Dr. Sturm teachesquired biological principles in environmental
engineering course, in which she emphasizes intégtien and synthesis of primary scientific
literature in class laboratory reports.

4a. HOW DO | TEACHENGAGING STUDENTS IN THE CLASSROOM ENVIRONMENT
Topics

This workshop will provide participants with tools to engage students with a variégaofing styles in
the classroom environment. The workshop will be divided into +®ésisions, including:
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Teaching WitHout) TechnologySoftware and hardware advances have allowed professors to introduce

technologies into the classroom. Some technologiesance the learning environment, while others are

a poor substitute for innovative teaching based on more traditional approaches. This session will discuss
creating a successful, engaged classroom without technology (through active learning, queséinding,

0KS agKFdG AG YStya (2 YS¢ FIOG2ND |-¥smulatodsandi SOK Y 2
virtual tours). Participants will learn what students mean when they comment that their professor

Gl Oldz tte (S OKSa¢ Ay GUKS OflFaaNer2yYo

SeltDirected Learning: Seltdirected learning is a process in which individuals take initiative and
responsibility for their own learning. While often considered in the context of informal education with
adult learners, many of the components of sdifected learningcan be applied to projedbased
courses that are typically used within environmental engineering programs. In this session, the
fundamental characteristics of salfrected learning will be reviewed along with an example of
implementation in an introductty engineering course at Carnegie Mellon. Methods to apply self
directed learning in many different settings will be summarized.

PersonaiChoice Learningengaged, personahoice learning lets students make choices in how to
advance their learning throdrg openended opportunities and use course fundamentals at a much
higher cognitive level. Students are allowed to explore individual interest areas, which builds their desire
to comprehend and apply fundamentals in solving-selected problems. This sessiwill discuss the

use of problerrbased and projeebased learning in a variety of classes. Key aspects include guiding
students to set individual learning objectives and the importance of peer interactions in the process.
Service learning will also besdussed, specifically regarding public interactions and engagement, which
are important components of our field that is concerned with protecting public health and the
environment.

Intended Audience

Prospective faculty (including graduate students), eawdyeer faculty members, and faculty with
significant teaching experience can benefit from this workshop. The objective is to provide faculty with
tools to engage students in the classroom, including new tools they may incorporate in their teaching
and newapproaches for techniques they have already implemented in some capacity. The tools can be
applied to classroom and project experiences at any level of education and thus this workshop is broadly
applicable to undergraduate and graduate teaching environtse

Workshop Leaders

The workshop will be led by three professors with significant recognition for their teaching and research
accomplishments. Most notably, they have all been awarded the AEESP Outstanding Teaching Award,
which recognizes outstanding miibutions, particularly in classroom performance. The leaders are:
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w W2Sf . dzNJSyz !3a20A1KGS /KFANI FYR tNRFS&aaz2N 27
Missouri University of Science and Technology

w WSIFYAYS 50 tAuiae PiiEssof abKDiréctroNEnvironmental Engineering,

Worcester Polytechnic Institute

w WSIYyyS Iy . NASaSys tNRFSada2N 2F / AQDGAt 3 9YDBANRY"
Water Quality in Urban Environmental Systems, Carnegie Mellon Qiwver

4b. HOW DO | TEACH? USING VIDEO LESSONS TO ENHANCE LEARNING AND CLASSROOM
INTERACTIONS

In general, engineering, science, mathematics, and technology courses deliver content through
classroom lecture sessions and reading assignments. Students i tbasses are then expected to
apply these concepts to solving problems. Classroom time in most college courses, including
engineering, is used to deliver course content which may include the presentation of example problems.
Engineering students are oftaiasked with working problems outside of the classroom environment
while exams are almost exclusively working problems. Homework sets may or may not be taken up by
the instructor for grading. The grading of homework assignments may or may not includeatéeaib

where errors were made in the application of the technical concepts and the solution of the problem.
Thus, engineering students are often developing their primary engineering skill outside of the classroom
and often without meaningful support fronheir instructor.

¢2RlI&Qa adddzRRSyida | NB 3ISySNI f tlide learfidy ervirogh@dts. A y R O2
significant portion of the course content in Engineering Hydrology, Groundwater Hydrology, and
Contaminant Fate and Transport is now being deéidethrough the use of ofine course materials

including video lessons on individual course topics. Thdinenlessons are followed by dime

homework sets that are automatically graded upon submission. The classroom sessions associated with
these courss are spent reviewing the lesson materials and questions from the homework sets. Students

are then allowed to revork missed problem and submit them for hand grading for up techdtlit. To

receive fulicredit, reworked problems must include a brief teiment indicating why the initial solution

was incorrect.

This presentation will provide an overview of the course and lesson structure including the Blackboard
environment used to organize the course materials and challenges associated with creating and
delivering streaming video content. The use of WebEX fatdss collaboration on software projects will

be demonstrated. Student feedback on the use of this type of course structure will also be included in
the presentation.
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Workshop keader

Dr. PhilipT. McCreanor is an Associate Professor in the Environmental Engineering Department at
Mercer University, the Director of the Engineering Honors Program, and Faculty Advisor for Tau Beta Pi.
He is a member of the American Society of Engineering Educ#terg\ssociation of Environmental
Engineering and Science Professors, Sigma Xi, and the Solid Waste Association of North America. He was
recognized as an Outstanding Referee by the Waste Management. Journal of Integrated Waste
Management, Science, and Tedfwgy in 2005, received the Mercer University / Vulcan Materials
Company 2006 HnnT Lyy2@0FdA2ya Ay ¢SFOKAyYy3 ! gl NRZ | YR
Teaching Fellow in 2008.

4c. HOW DO | TEACHENGINEERING EDUCATION RESPONSE TO CLIMATE CHANGIEICND
MITIGATION, AND SUSTAINABILITY

Workshop Organizers

Glenn Schrader, Maya Trotz, and Allan Feldman Evidence for climate change has been widely
investigated by the scientific community, and the projected impacts are expected to become a major
influey OS 2y GKS 62NI RQa SO2y2Yeé FyR &a20AS0Ft &G§NWzOG
reduce the undesirable consequences of climate change, debates over adaptation vs. mitigation
approaches have ensued, especially among climate change scienmtistpudblic policy makers. The
interrelation between these different avenues is regarded as being complex, but very few
comprehensive discussions have been held that include engineering analysis of the considerable
technological challenges. It is clear thatgineering research and development must be enhanced to
ensure that the key scientific discoveries, technological advances, and systerh@pproaches are
available to reduce future vulnerability to climate change. But for this to happen, climate ciemugs,
including adaptation, mitigation, and the development of sustainable, resilient communities must be
addressed in environmental engineering education.

Overview

¢KS LINPLR2ASR ¢2N]aK2L) gAff o0dzAf R dzLll2y (GKS 2dzid2YS
NBalLlyasS G2 OtAYFGS OKFy3aSY FFTRFELIWGIFGAZ2YZ YAGAIFGAZ
Frank Princiotta, that will focus on the integratiof mitigation and adaptation approaches and will
SYLKIFaATS GKS OSyiNrftAGe 2F SyaaAySSNAy3a Ay RS@St 2
change. The AEESP workshop will focus on how to incorporate the findings and recommendations from

the NF workshop into environmental engineering education. Workshop participants will consider how

these issues can be addressed in existing courses, such as air quality, aquatic chemistry, and water
resources planning and management, as well as stdode couses in global climate change, both for
engineering majors and for the general student population. Participants will also discuss the integration

of concepts of resilient infrastructure design into courses on water and wastewater systems. Workshop
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participants are encouraged to bring examples of syllabi and other educational materials that they use in
their own teaching that address these issues.

Workshop Leadey
1 Glenn Schrader is Associate Dean for Research and Professor of Chemical Engineering of the
Colkge of Engineering, University of Arizona, Tucson, AZ.
1 Maya Trotz is Associate Professor of Environmental Engineering, University of South Florida.
1 Allan Feldman is Professor of Science Education, University of South Florida.

4d. HOW DO | TEACHINTEGRATING INTENSIVE SERVICE LEARNING PROJECTS INTO SUSTAINABILITY
COURSES

Many universities now have a family of classes related to sustainability and sustainable engineering. One
valuable niche is a class with an intensive service learning componatéddio sustainability. Such
classes are often highly valued by administrators for publicity and accreditation, and by students and
potential future employers for the intensive real world experience in grappling with sustainability
applications. The classecan vary from freshman level introductory experiences to capstone design.
Project scope and group sizes can also vary. This workshop will share the experiences from the
Universities of Colorado, lowa and Nebragiedated to several servicéearning classs that have
practical projects with significant sustainability components. The goal of this workshop is to share
lessons learned, and useful exercises and formats to help other faculty develojevetmp their own
courses with an intensive service laarg component related to sustainability so participants can apply
them to their own institution and class type.

The classes used as examples will include:

GOYDBANRBYYSY (il t QUiigelsiyy $ChlBrada). TheSanloTcypstone course, available
the past decade, focuses on a rearld project (such as WW treatment plant upgrade; design of
sustainable drinking water treatment in a developing country).

G45SaAr3dy FT2N) GKS 5S@St2LAy3I 2 2 Nhiversity of ibwa)Bath gburse® R dzO (i A
have been taught with substantial service learning components for the past several years to about 25
students enrolled in each. During the past year, enrollment in both courses tripled and each became

more interdisciplinary after being inaded as eligible courses in the new undergraduate Certificate in
Sustainability offered by the University.
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Gt 2t tdziA2y t NBBSy (A AYnWersityhaF Nebrdska)S For theypadt 14 yeary, Sudeds S & £
(10-20 per year) provided business managemreports to Nebraska businesses (ranging from small to
large) with practical recommendations how to reduce waste production and improve sustainability.

The workshop will include:

Overview of each class syllabus, target audiences, and goals

Discussiorof the resources needed for success with the service learning project courses. A

common thread with these classes is that supplemental funding from external or internal grants

is essential to provide the faculty time and staff support for a successfubimetc

w Discussion of the attributes of TAs and support staff proven to be the most helpful for these
projects.

w Lessons learned from each course. Examples of these include:

o0 Preclass development of service learning project(s), including tasks required and
attributes of good clients and projects.

0 Attributes of students who are most successful and gain the most.

0 Challenges of scalingp to serve large numbers of students and possible solutions.

o0 Examples of valuable exercises and formats. These include reporat®and example
reports, student/client communication exercises, role playing exercises to help students

w
w

RS@PSt21L) alAatta Fd dzyRSNROGFYRAYy3 | Ot ASyiQ
exercises.

0 Postclass project wraqup tasks (for clients and fundirsource).

0 Assessment methods used for both students and clients.

0 Examples of benefits of service learning projects to both students and clients, and how
to leverage these benefits for further credit in terms of grant funding, accreditation, and
publicatim.

w An overview of preliminary findings from an NSF funded collaborative grant to study faculty
involvement in service learning

w Examples of potential supplemental funding sources, including sources not tapped by the

workshop organizers.

Participants will bgrovided with a CD of the examples and resources discussed.

The workshop will conclude with a group discussion of ways these materials, exercises and

examples might be used by the participants to develop or redevelop their own courses.

€€

Workshop Leaders
9 Bruce Dvorak, Professor, University of Nebraska
1 Angela R. Bielefeldt, University of Colorado,
9 Craig Just, Adjunct Assistant Professor, University of lowa.
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5. HOW DO | TEACH? TEACHING QUANTITATIVE MICROBIAL RISK ASSESSMENT IN
ENVIRONMENTAL ENGINEERINGI&ENCE

Topic

Quantitative microbial risk assessment (QMRA) is a constantly evolving science, one vital to
understanding the impacts of environmental engineering controls. The treatment of water directly
affects the health of the public, therefore an wdtanding of how to assess the risks from microbial
exposure must be addressed. The workshop will instruct and review the core interdisciplinary topics
which are the most vital to an understanding of QMRA.:

. Basic microbiology

. Risk frameworks

. Datasets in QMRA

. Dose response modeling

. Exposure assessment and modeling
. Risk characterization

. Risk management

NOoO O~ WNPRE

The workshop will be structured around case studies appropriate to the intended audience. For
example, using QMRA to quantify the riskssociated with fecal contamination in areas with poor

altyAllr A2y 6KSNB akKlrtftz2g ¢gStta NB | ONMzOAI t 0 dzi
regions. The Center for Advancing Risk Assessment (CAMRA) has 5 years of experiencetiofjinstruc

aidzRSyida Ay ¢SSimtz2y3a a 5Sfti Fa aAy3atsS RE& g2N]
O2yOSLJiad tINHAOALI yida gAfft 6S GNFXAYSR (G2 dzasS GKS
2F RAALISNAAZ2Y VY2RSta I yiRbleR& doSdudidy PprelniyiarySnictabiaNdsk” S (i S NA
FaaSaaySyida oKAOK OFy 0SS dzaS¥dzZ a | NBaz2dz2NOS F2NJ

Intended Audience

The workshop is focused towards environmental engineers and scientists who have an interest in risk
assessment. 8te microbial risk assessment is an interdisciplinary field, the interested parties will be a
wide array of the attendees.

WorkshopOrganizer
Mark H. WeirPhD.,weirma@msu.edu

Duration of Workshop
1.5 Hours

20



education
Eresearch
conference
university-
f sout

Workshop leaders

Participant Name Affiliation

L.D. Betz Chair Professor of Environmental Engineering

CharlesN. HaasPhl/ 2 T5ANBOG2NI 2F / SYyGdSNJ F2NJ ! R@I yOJ
Department of Civil Architectural and Environmental Engineering, Drexel
University, Philadelphia, Penriggnia

Associate Professor, Department of Civil Architectural and Environmenta
Engineering, Drexel University, Philadelphia, Pennsylvania

Postdoctoral Fellow, Department of Fisheries and Wildlife

Michigan StatéJniversity, East Lansing, Michigan

Patrick L. Gurian Ph[

Mark H. Weir PhD.

5b. HOW DO | TEACH3OFTWARE FOR TEACHHNAARONMENTAL CHEMISTRY

Summary

This workshop will present a brief survey of free software suitable for teaching environmental
chemistry equilibrium calculators, kinetisimulators, and databases/ predictors for the physical
properties of organic molecules. Recommended software will be demonstrated using environmental
examples.

Proposer contact

Steve Cabaniss, University of New Mexico, Water Resources Progthoguerque, NM 87131
cabaniss@unm.edu

Professor Cabaniss studies organic matter and metals in the aquatic environment and has written
GKSNXY2ReYIFIYAO YR {AYSUGUAO aAavydZ A2y az2Fadél NBEd | ¢
OKSYA&GNE ps2IitésagdotdScom/sitdicheimistryfreeware).

Audience
Faculty and students who are/will be teaching environmental chemistry to engineering and/or chemistry
students and wish to become (more) familiar with software available.

Topics

1. Aqueous equilitum modeling Programs which solve aqueous equilibrium problems, including Visual
Minteq, MINTEQAZ2, Titrator and PHREEQc. Software demonstrations will include example equilibria and
guestions for students.

2. Kinetic simulationsPrograms which simulateeaction kinetics using either ODE solvers or stochastic
algorithms, including Kintecus, CAIN, COPASI and TENUA. Brief comparison of algorithms and an
environmental simulation.
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3. Molecular properties A survey of programs which provide database access cangfoperty
prediction for small organic molecules, including-E&ite, SPARC, and the NIST chemistry-lvoeii.
Comparison of program scope and results with examples drawn from both hydrophobic and hydrophilic
pollutant molecules.

Support required

We wil need 1) speakers to display working Windows software and web browser, either from a laptop
(preferred) or by installing software on local computer. It would also be desirable for participants to
have WiFi access.

5c. SUSTAINABILITY AN INTEGRATION ORATURAL AND ENGINEERING SYSTEMS IN THE BUILT
ENVIRONMENT

Workshop Description:
This presentation presents an approach to the design of the built environment that utilizes the
integration of natural and engineered systems.

Workshop Outline:
This presentaon will give participants the resources to recognize the opportunities and limitations of
utilizing geography, light, water and air as part of a design approach. Areas to be addresses are:

The integrated design approach: how, what and why
Designingegionally

Daylighting theory and techniques

Progressive approach to storm water management

Theory and techniques of natural ventilation

Design energy modeling and post occupancy energy evaluations.

Learning Objectives:
1. Participants will be able tadentify approaches to improving building and sites through
integration of natural systems. This will be done through explaining basic theory behind
designing with natural systems and examples of existing projects that utilize them.

2. Participants will be lale to implement an integrated design approach by better understanding
the design process and what key diverse consultants are required to achieve maximum benefit.

3. Participants will learn how to integrate engineered and natural building systems to achieve
optimum building performance and occupant satisfaction. This will be done through a review of
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the theory and applications of these systems and illustrate proven approaches to achieving high
performance buildings.

4. Participants will learn how to apply mé&s to evaluate the success of the implementation of

sustainable strategies. This will be done by showing how to perform energy modeling early in a
project and doing post occupancy energy evaluations

23



A -V

educatlo
earc
con erence
university—
of sout =

Abstracts- Oral Presentations
At the Marshall Student Center (MSC)

24



educatlo < \ /
earc

con erence

university——

of sout

Research Categorl#Advances hat Dealwith Water
Depletion and Degradation

25



Index of Oral Presentations

Research Category # 1

ADVANCES THAT DEAL WITH WATER DEPLETION AND DEGRADATION

Presenter

Achilli, Andrea

Ball, William P.
BarteltHunt, Shannon
Bril, Jeremy

Burken, Joel

Cherchi, Carla

Deng, Yang
Fahrenfeld, Nicole

Gou, Na

Gregory Kelvin

Gu, April

Gunsch, Claudia

He, Qiang

Hosseinidoust, Zeinab

HsuKim, Helen

Janjaroen, Dao

Jellison, Kristen

Jin, Yang Oh

26

Title

OsmoticallyAssisted Desalination: A Low Energy Hybrid Desalination Syste
Hypoxia In Chesapeake Bay: Mining Decades of Data for New Insights
The Role of Sediment in the Bioavailability of Steroid Hormones

Mussels and Nitrogen: Daily Routines And Disrupted Behavior

Fast, Cheap & Green Site Assessment UsiRtaiia Phytoforensic Methods

Structural Alterations Induced in Cyanobacteria by N&aitenium Dioxide
Exposure

Ambient IronMediated Aeration (IMA) For Direct Potable Water Reuse
Effect of Biostimulation omdigenousTNFDegrading Bacterial Community
Toxicogenomic Based Toxicity Assessment

Microbial Communities in Flowback Water Impoundments from Hydr:
Fracturing of Shale for Natural Gas Recovery

Evaluation of Impact of Nar@nd Macroscale Cellular Surface Characteris
on Microbial Transport Behavior in Pordvsdia

Genetic Bioaugmentation: Uting Horizontal Gene Transfer to Enhamc8itu
Bioremediation

High-Throughput Pyrosequencing of Bacterial Diversif9rinking Water

Bacteriophagd-unctionalized Materials for Selective Capture and Inactivs
of Waterborne Pathogens

Natural Organic Matter Interactions with Metal-Based Nanomaterials
Implicationsfor Aggregation, Dissolution, and Bioavailability

Deposition Kineticsfd. Coli S17 Ont®VCand Biofim in a Monovalent Salt
Solution

Optimizing the Biosand Filteorf Houghold Drinking Water Treatmenn i
Developing Countries

Advanced Technique For Monitoring Bioremediatifn Vinyl Chloride Ir
Groundwater

Page

29

31

33

35

37

38

40

42

44

46

48

50

52

54

56

58

60

62



Index of Oral Presentations

Kim, Younggy

KrajmalnikBrown, Rosa

Li, Xu

Lu, Nanxi

McCutcheon, Jeffrey

McNamara, Patrick

Olson, Mira

Pinto, Ameet

Prieto R, Maria Virginia

Ren, Zhiyong

Romero, Ofelia

Shuai, Danmeng

Smith, Adam

Surbeck, Cristiane

TajparastMohammad

Torres, Cesar |.

Wang, Hong

27

Electodialysis Desalination Powerey blicrobial Fuel Cells

Beneficial Role of Homoacetogens in Microbial Electrochemical
Dechlorinating Systems

aSOKFYA&GAO FyR ! LILX ASR { idiRtadiat 2

Influenceof Solution ChemistrynoHorizontal Gene @nsfer ¢ AdsorbedDNA
into Azotobacter Vinelandii

Novel Membrane Design for Forward Osmosis: Enabligstainable Watel
Treatment Alternative

Emerging Contaminantas Uncouplersni Anaerobic Digestion: The Possil
Augmentationand Disruption of Methanogenesig blonylphenoand Triclosan

Bacterial Transporin Microfludic Devices: Studyf &nhanced Contaminar
Mixingand Chemotaxis

Bacterial Infiltration ad Surwal n Drinking Water Distribution Systems

Toward Sustainable Water: Miniming Energy Demands Associatedthw
Membrane Removaif Microconstituent Antibiotic Resistance Genes

Simultaneous Water [Balination, Energy Production, and Wastewa
Treatment n Bioelectrochemical Systems

Role of Natural Organic Matter and Temperatune lmadivation Kinetics of
Rotavirus and MS2tSolar Irradiation

Development of Sustainable Carbon Nanofiber and Carbon Nanotube Sup
PD Catalysts for Nitrite Reduction

Psychrophilic Anaerobic Membrane Bioreacfor Domestic Wastewate
Treatment

An Evaluatiorof Group Work Formatis a ServiceLearning Coursen Water
Treatment

Predictingthe Productionof Biomaterialsin Activated Sludgeising Genomic
Modeling

Microbial Electrochemical Cells antheir Bioenergy Applicationsn the
Laboratory and forle Wastewater Industry

Occurrenceof Opportunistic Pathogens in a Highly Chloraminated Drin
Water Distribution System

64

72

74

76

78

80

82

84

86

88

90

92

94

96



Index of Oral Presentations

Weir, Mark

Wigginton, Krista

Yang, Jin

Yilmaz, Safak

Zhao, Dongye

28

Bootstrap Uncertainty Analysis of-Néarest Neighbor Classification f
. . . 98
Microbial Source Tracking
Quantitative Assessment of ViruBrotein And Genome Damage Up

I - 100
Inactivation by Common Disinfectants

Transport of MutiWalled Carbon Nanotubes through Porous Media 102

Characterizing the Microbial Community Responsible for Nitrification U
. o 104

High-DensityMicroarrays

Removal and HSitu Immobilization of Arsenate by PolysacchaS8tebilized

Magnetite Nanoparticles 106



Advances that Deal with Water Depletion and Degradation

OSMOTICALLY ASSISTED DESALINATION:
A LOW ENERGY HYBRID DESALINATION SYSTEM

A. Achilli*and A.E. Childress
Civil and Environmental Engineering, University of Nevada Reno, Reno, NV, United States
*1664 N. Virginia St., Reno, NV 89517, 7752260,aachilli@unr.edu

Seawater desalination has become a common practice to supply the growing demand for water in areas
having access to the ocean. Desalination technologies can be classified by their separation mechanism
into thermal and membrane based desalination. In thergh@salination salt is separated from water by
evaporation and condensation, whereas in membrane desalination water diffuses through a membrane,
while salts are almost completely retained in the feed water. Reverse osmosis (RO) arstageltilash
distillation are the techniques that are most widely used. The decision for a specific desalination
technology is influenced by feed water salinity and required product quality as well as tspesdific
factors such as labor cost, available area, energy aost,local availability of electricity. RO has gained
much wider acceptance than its thermal alternatives in recent years due to its lower energy
consumption. However, there are still areas were the energy and environmental costs could be
improved. High presure pumps are necessary to overcome the osmotic pressure of the feed water (e.qg.,
seawater) and normally this energy demand relies on fossiluet renewable energy. Also, there are
environmental concerns with the discharge of high concentrated brimeging discharged through ocean
outfalls.

Osmotically assisted desalination (OAD) can provide a solution to reduce the energy costs of RO
desalination by lowering the RO energy demand and to reduce the environmental costs of RO by
enabling discharge odbrines at lower concentrations. OAD relies on the relatively new process of
pressure retarded osmosis (PRO).

The process utilizes a higinessure membrane desalination process (i.eRO) that in combination with a
PRO subsystem achieves water desalinatiolower energy expendituren the OAD system (Figure, 1)
treated wastewateyor another source of impaired wateg used as an energy sourttgt is manifested
during mixing with concentratedbrine (draw solution) before ultimate dischargé the mixture back

into the oceanThere are several advantages associated with the OAD system:

1 The onlyexternalenergy inputrequired is to pressurize water from approximately 350 to 600

LJAA onpt [ wHpn LBAAOLD ¢KA& Aa YdzOKor doréntionalisédwstter 1t KS St
wh 6KAOK NBIjdANB& LINBAAdNAT FdA2Y FTNRBY | LIINBEAYLGS
for the systemis suppliedthrough pressure exchangers that convert the osmotic pressure difference in

the OAD to hydraulic pressure in the desalination proceg®smotic pumps) From the energy

standpoint, the osmotic pressure difference between the draw solution (generated by the desalination
process) and the wastewater is the source of hydraulic pressure that is used in @iladgésn process

to overcome the osmotic pressure of the feed water to tR® process; herefore, the net energy

demand of theROprocess is used for the purpose of producing purified water only and not to overcome

the osmotic pressure of the feed wateo the desalination process. Therefore, in tB&Da booster

pump is used to enhance water recovery at very low energy expenditure.

1 The draw solution is used in a completely open loop and therefore accumulation of
contaminants in the system is unlikely.

29 2011 AEEP Education & Research Conferendaiversity of South Florida



Advances that Deal with Water Depletion and Degradation

1 The brine generated during the desalination process is being diluted in the PRO process and
subsequently being discharged back to the ocean at the same ambient concentration; therefore
mitigation adverse environmental impact on marine ecology/habifdsqg being mixed with purified
water from the PRO process, the diluted brine is discharged to the ocean at higher water quality
compared to the ambient seawater.

1 The impaired water and RO product water are in completely separate circuits so there is no
contactof impaired water with drinking water.

The goal of the research was, for the first time, to develop, construct, and test a pilot scale OAD system.
A pilotscale OAD system is currently under construction and it will be deployed to the test field i sprin
2011. When completed, the OAD system will be the first PRO system operating in the United States.
During the presentation, details about system construction, and results from experiments and modeling
will be presented.

Drinking

A Water
Concentrate

Impaired
PRO |<:I water
Feed l

Figure 1. Schematic illustratiaf the OAD system.

RO

—
—
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HYPOXIA IN CHESAPEAAY:
MINING DECADES OFTIBA-OR NEW INSIGHTS

William P. Bal Jennifer A. BoséhDamian C. BradyDominic D. DiTofo
W. Michael Kemf Rebecca R. Murphyleremy M. Tesfa
! Dept. of Geogr. & EnviroEngineeringJohns Hopkins University, Baltimore, MD USA
ZUniversity of Maryland Center for Environmental Sciences, Cambridge, MD USA
3School of Marine Sciencésniversity of MaineWalpole, ME USA
“Dept. of Civil & Environ. Engineering, Universitpelaware, Newark, NJ USA
* 313 Ames Hall, 3400 N. Charles St., Baltimore, MD, 21218,
Tel: (410) 516434, Fax: (410) 518096; bball@jhu.edu

Anthropogenic nutrient discharge to estuaries is a global problem that is dramatically transforming
coastalecosystems. Significant resources have been dedicated to reducing point afpadindmutrient

loads, yet many of the symptoms of eutrophication, such as low dissolved oxygen concentration
(hypoxia) remain unabated. Recent studies have suggested thay maimophic estuaries, such as
Chesapeake Bay, the northern Gulf of Mexico, and the Baltic, have recently exhibited unexpected non
linear shifts in relationships between hypoxia and nutrient loading. Investigating alternative causes for
such behavior in lisapeake Bay has been the major focus of a team of investigators who have
developed a virtual Chesapeake Bay Environmental Observatory (CBEO;
http://cbeo.communitymodeling.org/) as a means to facilitate access and analysis ofdaea#idal time

series dad, including estuarine water quality, nutrient loading rates, regional weather records, and
specialized research databases, such as several decades of calibrated simulation results fibm a 3
hydrodynamic and water quality modekediment nutrient fluxe$,and benthic organism abundanée.

The mining and further analysis of these data, at a variety of spatial and temporal scales, and within the
context of several alternative mechanistic hypotheses, has provided us with new insights regarding the
complex litks between nutrient loading, hypoxia, and climatic conditions.

Background and Motivation

Chesapeake Bay has a large ratio of watershed area (164,2)@dkestuary surface area (~11,5004m

and a long dendritic shoreline that combine to make the estuary especially sensitive tdbdaed

activities and inputé. Freshwater flows (2300 fs, including ~55% from the Susquehanna River)
contribute nutrients, set up stratification, and drive a lowayer countefflow that acts to retain

LI NI AOdzZE FGS YR RA&aA2t OSR Y GSNAI € rasiendeyiimel @ RAGA 2 Y
Y2y iKao aSNBSa (G2 AydSyaafte (GKS .l &8Qa &adzaOSLIIAOGACL.,
Within the watershed, urban land has expanded since 1850, while agricultural land use has shrunk. Total
use of agricultural fertilizers in the watershed haswnosteadily since the 1950s, leveling off at ~60 x
10°kg N y*in 1980. And although forests are currently the largest component of the Chesapeake basin,
they are declining at rates of ~100 acres per day, mostly due to development; between 1990 and 2000,
the rate of land conversion from rural to urban/suburban more than doubled over the previous decade.
Much of the watershed has also seen rapid increases in nutrient inputs from sewage diséhaithes,

the watershed now supporting a population of well ov& million people.

t NA2NJ NBaSEHNOK KlFa O2yFANNSR (KIFG adzYYSN) KeLREAL
YI3yAddzRS 2F GKS NAGSNI Ft2¢6 |yR ALINAY3I ydziNRARSYy
Susquehanna River). This is illusthby the results shown in Figure 1, which indicate that Hatemual

variations of hypoxia trend in correspondence to wet and dry years. Harder to explain, however, has
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been an observed increase in the ratio of th 14

estimated summer hypoxic volume per tin 1p] PO<1mg L

nitrogen load in the past 25 years relative t Wet Year R
104 @ Dry Year %

the preceding 30 yeafSEspecially perplexing
KFa 0SSy G(KS 02y (wdgd
hypoxic volume over the past twenfive
years despite an apparent plateau or mil
decline in the spring nitrogetoad from the
Susquehanna since about 1980.

1989

Summer Low DO Volume (10° m?)

Approach and Principal Findings

Over the the past four years, the projeq Year
team has used the archived data within th
CBEO testbed to explore a variety
hypotheses related to the above findings, including each of the following potential causes;

Figure 1. July average hypoxic volume over

Possible artifacts associated with the methods used to quantify hypoxic volume or nutrient loads;
Possible biological feedbankechanisms associated with the changes in benthic conditions that may
accompany increasing hypoxic volume;

Decadal scale changes in the timing of river flows;

Decadalscale changes in the role of phosphorus;

Decadaiscale changes in nitrogen loadingsnfrgsources other than the Susquehanna,;

Decadaiscale changes in climatic factors that could affect the water circulation patterns in the Bay,
including temperature, wind, and sea level rise.

=a =

= =4 =4 =N

The presented paper will briefly describe how each of theseesssuas investigated and will provide
preliminary findings in each area. One of our most important findings has been that decadal scale
trends in earlysummer and latesummer hypoxia are very different, with the former following changes

in physical circation and climate, and the latter showing recent declines that are consistently
correlated with nutrient load In the case of earlgpummer hypoxia, our results suggest that léagn
increasing stratification in the Bay may have resulted in less replaishof DO to bottom waters
during late June and early July, following algal blooms induced by spring flows. Researghiigyan

an effort to better understand the climatic and other factors that may be causing this stratification
trend.
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THE ROLE OF SEDIMBEWNTHE BIOAVAILABIYIOF STEROID HORNESN

Shannon L. Bartelunt**, Jodi SangstérNick Coanoanand Alan Koldk
!Department of CiviEngineering, University of Nebraskimcoln, Peter Kiewit Institute, Omaha,
Nebraska, USA

’Department of Biology, University of Nebraska at Omaha, Omaha, Nebraska, USA
*203B Peter Kiewit Institute, University of Nebragkacoln, Omaha, NE 6818278, (402
554-3868, (402) 558288, shartelt2@unl.edu

There is growing concern about the impact of steroidogenic compounds in aquatic sy$terzimary
evidence for biological effects of exogenous hormones stems from research documenting negative
reproductive outcomes in fish. Other potential human health outcomes such as defective bone
formation and effects on brain development have also been demonstra&@éstoids released into the
environment have been shown to sorb to sediments in aquatic environmentsevewother studies

have suggested that steroids can move through sediment beds, and that fish and other aquatic
organisms can facilitate this mobility. The bioavailability of sedirassbciated steroids is not well
understood. In this study, we investigd the effect of sedimenassociated 1@-estradiol and
trenbolone on vitellogenin expression in fathead minnows, a ubiquitously distributed freshwater
organism. Vitellogenin (Vtg) is an egg precursor protein produced in female fish in response to
endogerous estrogen production, and when male fish are exposed to estrogenic compounds, they will
inappropriately express the protein. Similarly, femdish exposed to pharmacological doses of
androgens, including trenbolone, have been shown to be defeminize@valenced by a reduction in

the expression of hepatic Vig.

Sediment was collected from Plum Creek near Seward, Nebraska, a location identified previously as a
pristine reference location. Prior laboratory exposure to this sediment resulted in no effectene
expression in fathead minnows. Trenboloneldb-estradiolwas equilibrated with the sediment for 24

hours and a 6 cm deep layer of the contaminated sediment was placed in a glass aquaria along with 20
sexually mature female (trenbolone) or malk7-estradiol) fathead minnows. An additional control
group of fish remained unexposed to steroid or sediment through the duration of the experiment. A
positive control experiment was performed in which fish were exposed to an aqueous concentration of
trenbolone or 17b-estradiolwithout sediment present. Ten fish were randomly collected from each
tank at 7 days with the remaining harvested at 14 days. After collection, fish were anesthetized and
weighed. Livers and gonads were collected from each indilValdweighed. These were flash frozen in
liguid nitrogen and stored at80°C until analysis. Relative hepatic vitellogenin (Vtg) expression was
quantified using ribosomal L8 as a normalization standard. Hepatic mMRNA expression was performed
using a Biead MyiQ Realime Polymerase Chain Reaction Detection System maintained by Optical
System Software version 1.0. Relative Vtg expression observed in fish after-tiay Bkposure is
presented in Figures 1 and 2.
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Figure 1.Relative hepatic Vtg after iday 1b-estradiol exposure.
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Figure 2. Relative hepatic Vtg after iday trenbolone exposure.

After 14 days of exposure tb7b-estradiotcontaminated sediments, male fathead minnows exhibited

no inappropriate expression of Vtg relative to the negativantml group (male fish exposed to
laboratory water only) as shown in Figure 1. A positive control group of male fish exposed to aqueous
17b-estradiol did exhibit inappropriate expression of Vtg (Figure 1). By comparison, female fathead
minnows exposeda sedimentassociated trenbolone did exhibit a reduction in Vtg expression relative

to negative controls (Figure 2). Female fish exposed to the positive control (aqueous trenbolone) also
exhibited a reduction in relative mRNA Vtg expression compared figthin the negative control
groups. Taken together, we observed differential bioavailability for an estrogenic compoubd (17
estradiol) and an androgenic compound (trenbolone) when associated with sediment. Both estradiol
and trenbolone have been showio degrade in aerobic sediments. The observed bioavailability of
sedimentassociated trenbolone may be due to the formation of recalcitrant metabolites such as
trendione. Liquid chromatography tandem mass spectroscopy will be performed on sedimentsxtrac
and water samples obtained over the exposure period to evaluate steroid desorption and
transformation over the exposure period.
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MUSSELS AND NITROGEN
DAILY ROUTINES ANISRUPTED BEHAVIOR

Jeremy S. Brit* Craig L. JUstGene F. ParkinNathan CYoung
!Civil and Environmental Engineering, The University of lowa, lowa City, lowa, United States
?lIHRg Hydroscience and Engineering, The University of lowa, lowa City, lowa, United States
*Department of Civil and Environmental Engineering, The Untyestlowa, 4105 Seamans
Center, lowa City, lowa, 52242, United States. Tel: 563 380 1761. Fax: 319 335 5660. Email:
jeremy-bril@uiowa.edu

One of the most widespread manifestations of anthropogenic mismanagement of nitrogen is
eutrophication onthecot y Sy i f aKSt ¥ 2F (GKS y2NIKSNYy Ddz ¥ 27
Excess nitrogen delivery to the Gulf from the extensively-covpped Midwest via the Upper Mississippi

River (UMR) has decreased dissolved oxygen concentrations to levels bhlotw aguatic life can

survive. To solve such problems, river ecosystem managers have started to move away from traditional
engineering solutions towards more ecoleiggsed restoration and conservation activities.

In the UMR, the lock and dam system cansted to maintain a navigation channel from St. Louis,
Missouri, to St. Paul, Minnesota is being improved through the US Army Corps of Engineers Navigation
and Ecosystem Sustainability Program. This program contains an ecological habitat restoration
component that includes aquatic organisms such as freshwater mussels, which have significant
management and conservation needs in the UMR. Thus, the goal of our study is to use freshwater
mussels as a sentinel species to better understand the impacts of steasyerturbation on nitrogen
processing in large river systems.

CNBaKgl 6SN) YdzaaSta KIGS 0SSy NBEFSNNBR (2 Fa wSO2.
food resources and alter habitats for other organisms. Mussels are excellent indicatorseral

ecosystem health due to their reliance on host fish for their larval stages and trophic subsidies via
benthicpelagic coupling. Also, mussels and bacteria play a major role in nutrient cycling in large river
systems by cycling nutrients taken upeb LK@ G2LX Fy1d2y FyR 122LX |yl
environmental conditions, mussels appear to process nitrogen more rapidly than denitrifying bacteria.

This study was completed in a welaracterized mussel bed (assemblage) located in a-t2@8ach of

thS aw AYy YI@AALGAZ2Y LI22f wmc ySFENI . dFFLHE23 L2gl @
Mississippi Envirohydrologic Observatory, high frequency nitrate data was collected every 15 minutes
from sensor clusters located throughout the pool in tm&in channel and in the water column above

the mussel bed. Initial observations of the collected data suggest distinct differences in the diurnal
nitrate fluxes between the main channel and mussel bed locations (see Figure 1).
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Figure 1: Evidence of ddrences in diurnal nitrate patterns for the mussel bed and main channel

locations over two day period in August 2009.

We initially hypothesized that this phenomenon was attributed to the presence of mussels as lab studies

indicated mussels exhibitediurnal behaviors in response to ecological processes such as variations in
calculation estimates revealed that the maximum diurnal nitrate flux

light intensity. However,

attributable to mussels was likely only around 15 percent.

Using a computatiaidatfinamics (CFD)

model, we are currently working to couple the observed nitrogen dynamics and mussel behaviors to

further investigate the observed differences in diurnal nitrate patterns between the mussel bed and the

main channel.

Given that freshwatemussels are inextricably linked with the hydraulics of river flow, development of
models for research to improve mussel management and conservation requires the integration of
mussel ecology and hydraulics (i.e. ecohydraulics).

The use of CFD to nstdeissguch as the

Mississippi River is being more widely used to develop tdigeensional flow field outputs for
ecohydraulics applications. Our initial CFD results demonstrate that variations in flow rates can have

significant impacts on different denigis of mussel beds, especially in regards to velocity magnitude and

turbulent kinetic energy present in the water column above the mussel bed.

As rapidrate filter feeders, freshwater mussels are largely dependent on obtaining suspended particles
Increased diversity of mussel species in a mussel bed has been shown to

from the water column.

decrease current shading (deceleration of flow from upstream to downstream neighbors) and increase

delivery of suspended particles to mussels.

LISNI dzND I G A2y a &adzOK |

a

However, as our iQiE& results suggest, ecosystem
AyiSyaS Ff22RAy3 O2dzZ R

particles, severely limiting their impact on nitrogen processing and other river ecosystem processes.
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FAST, CHEAP & (ERESITE ASSESSMENT UBINGANTA
PHYTOFORENSIC METHODS

Joel G. Burken*, Matt Limmer, Mikhil Shetty
Missouri University of Science and Technology, Rolla, MO USA
*224 Butler Carlton Hall, Missouri S&T Rolla, MO 6540938135654 7,Burken@mst.edu

PlantsA y i SNI Ol 6AGK GKSANI SYy@ANRYYSyiGz SEGNI OlGAy3
biomass. Plants can extract micronutrients even when present at extremely low levels. Plants
concurrently collect and store chemicals and elements from the wate, and soil in the surrounding
environment, including contaminants. Using novel techniques, we can gather this data on contaminants
in the subsurface environment to help in contaminatgite investigations and delineations that are too
often costly ad inaccurate, thereby aiding in human health protection. The methods can also be
applied in conjunction with natural treatment systems and utilized as long term monitoring approaches.

This talk will highlight noveh-planta sampling methods have been ddeped to allow for high spatial
resolution, and low detection level assessment of contaminated groundwater and soil. Trees have long
been known to interact with groundwater, which has been exploited in numerous phytoremediation
projects, due to their akbily to extract groundwater and the associated contaminants via the evapo
transpiration stream. Now, we have developed specialized sampling techniques that use trees as a
sampling point for contaminated groundwater. These methods are faster, cheaperniessve, and

easier to implement than traditional well drilling. Single sites have been sampled, with up to 100
samples per site, in a single day with a team of 2 people using increment borers. These data were then
analyzed within a week and the plume wampped. Methods include tree coring with solid phase
microextraction (SPMER-planta solid phase samplers (SPSs), emplanta SPME. SPME fibers include
polydimethylsiloxane (PDMS) and composite PDMS/carboxen fibers. Different materials have been
invesigated for the development of the SPSs, revealing how material properties relate to sampling
efficiency and sensitivity. Recent work includes direct-M&EC analysis connected to the plants
themselves. The use of these advanced methods dllowed the use ofmultiple samples in one
individual tree to gain gradient information for the root zone. The directional analysis provides even
greater spatial resolution by sampling around a single tree and gaining information on azimuthal
direction, even when there ara limited number of trees at a site to be sampled.

This work summarizes the advantages and disadvantages of each method, such as the ability to perform
repeat sampling, increased sensitivity over headspace analysis of tree cores, and instrumentati®on nee
of each method. Field data will be shown, demonstrating the methods inwedd settings and the
benefits of the novel methods. The development of these methods will allow for improved
implementation for plume delineation and monitoring to better peat human health.
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STRUCTURAL ALTERNBINDUCED IN CYAM@H ERIA BY NANOTANIUM
DIOXIDE EXPOSURE

Carla Cherchi April Z. Gt
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USA
*Address: 360 Huntington Avenue, Phone: +1 617 373 3631, fax: +1 617 373 4419,
Email: april@coe.neu.edu

Introduction: Progress in nanotechnology has recently raised concerns on the potential environmental
impact of engineered nanomaterials (NMs). In parkar, the increasing applications of nanoscale
titanium dioxides (nTig) in a variety of fields, such drinking water treatment and cosmeceutical. A
recent study reported effluent concentrations from wastewater treatment processes-ofp5 >3 ¢ A K |
Fundametal research on the toxicity of nTi@o ecologically relevant organisms, such as algae and
cyanobacteria, is scarce and information on nTi@availability is lacking. Preliminary studies have
confirmed that the exposure to nTj@ffects algal growth anthhibits primary productivity. This study
aims toassess the ecotoxic impact of nTi@h the cellular structure of the cyanobactera variabilis
prokaryote of significant biogeochemical importance because of the global contribution to nitrogen and
carbon atmospheric fixationA. variabilisis known for its ability to tolerate adverse and fluctuating
environmental conditions implementing unique tabolic strategies. The specific goals were to: 1)
guantify the oxidative stress caused by Ji@a reactive oxygen species (ROS) production analysis; 2)
investigate the changes in cell surface topology and mechanical properties after exi@sure; 3)
identify intracellular physiological modifications caused by n&i@ 4) reveal the fate and migration of
nTiQ and potential bioaccumulation in exposed cells.

Methods: NanoTiQ, anatase (primary size from manufacturer was 10 nm and average size of
aggregdes of 192+0.8 nm) was dispersed in 1% BSA modified\Wb®x culture media and cup
sonicated for 20 minutes prior experiment&nabaena variabilistrain (UTEX #1444) was axenically
cultured under a 12 h light/12 h dark regime. The fluorometrgDBFDA ssay was used to quantify
intracellular and total ROS formation. Cell surfacmighness and mechanical properties were
characterized via an Atomic Force Microscofgaman Spectrometry andransmission Electron
Microscopywere applied to image and monitohe fate of nTi@andA. variabiligntracellular functional
biomolecules.

Results & Discussions:

Reactive Oxygen Species (ROS) production

A dosedependent total ROS production was measuredAinvariabiliscells exposed to nTiCand
increasing total ROS production rates from 190 to 340nj{@.H as nTiQ concentrations increased

from 10 to 200 mg/L. At a given time the intracellular oxygen species are only a small fraction (<10%) of
the total ROS measured. The formation of ROS8likigts that oxidative stress possibly played a key role

in cells structural changes and the observed membranes disruption.

Impact of nTiQ exposure on cell surface topology and mechanical properties

Nanomechanical measuremerntsdicated that surface topography (Figure 1) and mechanical properties
of A. variabiliscells were modified after 24 hours exposure to 50 mgTi@ith increasing average
roughness (from 28.6 to 45.9 nm) and shift in the cell spring constant from 0.Q% t8/6. The shift in

the cells spring constant {) distribution towards higher values indicates that the increase of
cytoplasmic turgor pressure after exposure to npliEdpossibly a response phenomenon.
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Intracellular modifications resulting from nD, exposure

Disruption/alteration of cellular membrane was observed in both vegetative and heterocyst celldafter
variabilisexposure to nTi© The regulation of other cellular defense mechanisms was induced, such as
the opening of intrathylakoidal spas (site of photosynthetic reactions), the increase of membrane
limited crystalline inclusions (of unknown function) and the increase in the outer mucilage layer
thickness.

Evidence of internalization of nTidn algal cells

Time sequential observatiorshow that 500 nm size nTiQarticles disaggregate overtime possibly due

to a dispersant effect of DNA or other biomolecules. Consequently, the diffusion of ~20nm size particles
through the multilayered membrane occurred. RAMAN microscopy (Figure 2) oainkiith TEM
allowed the observation of nTikaggregates changes and potential bioaccumulation of metal oxide
nanoparticles insid@. variabilicells. Although the NM entered cells whether the cell is live or dead was
not clear.
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Figure 1. 3D AFNbpographies showing the impact of nTi@&xposure on surface topology of control
cell (a) after exposure to 50 mg/L of nTiGor 24 h (b). Cell spring constants fitted in lognormal
distributions before and after nTi@exposure (c).
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Figure 2: Microscopicmage (a) and high resolution Raman image (b) of npli@ernalization in A.
variabilis cells, reconstructed from Raman intensities of the cell protein densityHGstretching
vibrations, blue) and the nTi@inclusion (red, arrow). Spectrum collected at thaclusion level (c)
showing characteristic nTiOpeaks and typical vibrations of cellular components (carotenoidsHC
etc).

ConclusionsThe results of this study showed that exposure to nTéads to observable alterations in

both cell surface topalgy and mechanical properties and induced a series of recognized stress
responses, including production of ROS. The results revealed the possibility of aggregated nanomaterials
to dissipate overtime into smaller size with likely the aid of dispersantarhbliecules such as DNA. The

NMs was able to penetrate through cell membranes and therefore suggested that NMs bioaccumulation
can occur in cyanobacteria, enter the ecological food web and ultimately impact important
biogeochemical processes, such as thdea and nitrogen cycle.
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AMBIENT IROIMEDIATED AERATIONI) FOR DIRECT POTEBVATER
REUSE

Y. Den§ J. D. Englehardt
lDepartment of Earth and Environmental Studies, Montclair State University, Montclair, NJ
07043, USA
2 Department of CivilArchitectural, and Environmental Engineering, University of Miami, Coral
Gables, FL 33124, USA
* PO Box 248294, Coral Gables, FL 33B30; 305284-5557; 305284-3492 (fax);
jenglehardt@miami.edu

Water reuse is a strategically significant approach twesdghe global water shortage problem, and
address the large energy demand associated with centralized water and wastewater treatment (US EPA
2004). However, there are technical and economical challenges involved in terms of treatment schemes
for direct potble reuse capable of removing a full spectrum of possible contaminants at low energy
demand. The ironmediated aeration (IMAprocess, in which wastewater is aerated in the presence of
macra-scale metallic iron, represents one enemgynimal approach tohlie removal of a broad spectrum

of molecularscale water impurities, with no attendant increase in salinity. The earliest report regarding
IMA treatment (Matsumoto and Arimitsu, 1969) demonstrated that the IMA process was able to remove
78% of 21.2 mg/L cimeical oxygen demand (COD), 87% of 38 unit color, and > 99.4% of 3.6 mg/L
phosphate from a secondary effluent. Recently, we further revealed the reaction mechanisms behind
physicochemical treatment (Englehardt et al., 2007). Mechanisms include the praduidticeactive
oxygen species (ROS) (most likely ferryl ions at neutral pH) capable of oxidizing certain organics (e.g.
99% of 0.09L.78 mM EDTA, normally refractory except to advanced oxidation, and 99.9%58fmM
glyoxylic acid), and Eeorrosion prodicts capable of c@recipitating a wide range of organics and
inorganics (e.g. 99.996% of 0.239 mM As) (Englehardt et al., 2007). In this study, we aimed to
comprehensively evaluate the performance of the ambient inoediated aeration for water reuse. At
neutral pH, room temperature, and atmospheric pressure, besadle tests were conducted in a batch
mode to study the treatability of IMA in secondary effluent, natural surface water, and simulated
contaminated water. All experiments were carried out intest tube reactor described in detail
elsewhere (Englehardt et al., 2007), except for the nutrient removal tests conducted in a jar testing
apparatus. Overall, IMA treatment followed by filtration achieved high removal efficiencies for various
aqueous politants. Removal rates of COD and electrical conductivity (EC) in a secondary effluent in the
IMA and control (no iron and no aeration) processes are shown in Fig. 1. The COD removal efficiency in
the IMA reactor was dramatically increased to 44% withinftrst hour, and then further developed to

66% at 27 hours. In contrast, the control group achieved only 33% COD removal, probably due to
organics volatilization or continuous microbiological degradation. Along with COD reduction, IMA
removed 26% oR.14 ns/cm EC, primarily through equilibrium aeration softening. Fig. 2 shows the
results in IMA oxidation of two individual endocrine disrupting compounds (ED@shudy! phthalate
(DBPs) and7 -estradiol (E2). Within 25 hours, the residual DBP and E2 wé&fé and 8% of the initial
1,000 pg/L, respectively. Moreover, the IMA treatment removed 22% of BigA4 total nitrogen (TN),

95% of 10.1 mg/L total phosphorus (TP), 99.8% of 4.71 mg/L90%>f 0.89 mg/L Ni, and 99% of 100

unit color, as well as accomplishing 3.2 log removal of total coliform, and 2.4 log rem&aCofiSuch
removal of nanescale impurities without salt addition or higihergy membrane treatment shows the
promise ofthe IMA technology for use in direct potable reuse systems.

40 2011 AEEP Education & Research Conferendaiversity of South Florida



Advances that Deal with Water Depletion and Degradation

80%

—&— IMA (COD) ---&--- Control (COD)
70%  —e— IMA(EC) ---&--- Control (EC)

60%
50%
40%

30%

Removal (COD or EC)

20%

10%

0%

15 25 30
Time (hr)

Fig. IRemoval of COD and EC versus time at the IMA and comr6l§ and no air aeration) processes
[Conditions: secondary effulent collected frahe Central District Wastewater Treatment@Rt (Miami,
Florida, USAXZOR = 50 mg/L; EG 2.14 ms/cm; and pHE 6.92].

1200

Binfluent
OEffluent

1000 |
—
|
— 800 [
o
=]
=
c
o 600
-
©
s
=
= 400
o
(&)
c
O 200 |
O

0

di-n-butyl phthalate 17B-estradiol

Endocrine Disrupting Compound

Fig. 2IMA oxidation of dn-0 dzii @ f LJK ( K-estradiol BomlsyhRated matural water. [Conditions:
G = 1.0 yg/L; pH ~ 7.5; and reaction time = 25 hours].

Work cited
9y 3t SKINRiUiZ WP 50 aSSNRFF:E [ 90KS3I2eSysx & 5Sy3,
EDTA and Associated Organics and Coprecipitation of Inorganics by Ambieat3rBA | § SR | SNJI G A

Environmental Science & Technology, 41(1), pp-2Z/&)

Matsunmoto, N., and H. Arimitsu (1969). Process for the purification of sewage plant effluent. US
Patent, 3,461,067.

USEPA (2004) Guidelines for water reuse. EPA/6Q4/FO8

41 2011 AEEP Education & Research Conferendaiversity of South Florida



Advances that Deal with Water Depletion and Degradation
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expected to increase as population grows. Leaching of pollutants from contaminated soils into drinking

water aquifers poses a direct threat to the sustainabildf groundwater resources. Energetic
compounds (i.e., explosives) are of particular concern due to their toxicity and widespread
contamination that has occurred during their manufacture, transport, testing, and dispdbakefore,

identifying effective emediation techniques for explosives contaminated aquifers is critical to maintain

the longterm integrity of groundwater resources. Bioremediation is an attractive option, however, the
microbiology driving this phenomenon is poorly understood. This vgoficused on understanding the

anaerobic microbial populations associated with 2:#igitrotoluene (TNT), a widely used explosive,

under different biostimulation configurations.

TNT is generally believed to undergo successive reductions to prochattsbind more strongly to
sediment than does the parent compound. All known reductive biotransformation pathways for TNT
degradation involve nospecific nitroreductases that requires addition of electrons. To test if electron
donor addition stimulated NT degradation, a microbial culture was enriched from a historically
contaminated, but previously unstudied, site sediment (Former Nansemond Ordnance Depot, Suffolk,
VA, USA). The culture was incubatedtatic batch liquid microcosms spiked with TNT antended

with potentially bioavailable organic carbon (PBOC) extracted from site sediment serving as the carbon
source and either ethanol or lactate as electron donor and potential biostimulaftss benckscale
feasibility study demonstrated that the digenous microbial population at FNOD has the ability to
degrade TNT and that degradation rates can be increased by electron donor addition. In particular,
lactate amended microcosms exhibited superior performance relative to etrmehded microcosms.

A major challenge of identifying TNIEgrading bacteria is that it appears to be degraded via fortuitous
metabolism, rather than serving as carbon or energy source. To circumvent this challenge, molecular
tools were strategically applied to examine tredationship between bacterial community composition

and the TNidegrading performance status of the microcosms. To achieve this, denaturing gradient gel
electrophoresis (DGGE) was performed to compare bacterial community dynamics between
experimental tes conditions and killed controls. Sglamples of sediment were analyzed with time to
monitor culture enrichment corresponding to biodegradation. DNA was extracted and bacterial 16S
rRNA genes were P@Rplified and analyzed HyGGEproviding a visual @ication of the effect of the
electron donor addition on the bacterial community.

Visual inspection confirmed differences in banding pattern between test conditions, indicative of
differences induced by different electron donors. For example, microsasicubated with ethanol
stimulation yielded a greater number of DGGE bands than those incubated with only PBOC. For a given
test condition, differences in band intensity were also noted across time, which suggests differences in
abundance among the treatents of specific bacteria represented by the DGGE bands. An example of
this is demonstrated in Figure 1, which compares lactateended microcosms over the time required
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for TNT to reduce below the detection limit. An increase in the intensity of BamdHown over time,

in non control (i.e., not killed) samples. While DNA sequence analysis is currently underway, bacteria
corresponding to bands that increase in intensity corresponding to TNT degradation will be further
investigated as candidate bactar potentially driving TNT biodegradation. Bacteria unique to
performing microcosms are also of interest. Bacteria with the highest similarities to the bands will also
be further investigated for conserved nitroreductase gene regions to provide furthieleece of the

role of this gene in TNT degradation. Principle component analysis (PCA) of banding patterns and
intensities will aid in unambiguous characterization of the DGGE gels.
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Figure 1.Example DGGE analysis of bacterial community in laet@nded microcosms over time,
indicating an increase in Band 1 intensity for #alled samples.

Through the molecular methods pursued in this work, valuable information will be gained about the
microbial community responsible for TNT degradation at a medataminated site. Comparisons of

the bacterial community at this previously uncharacterized site to the microbes already known to be
involved in TNT degradation will enrich understanding of TNT degrading bacteria, possibly revealing
novel TNT degradersFew anaerobic degradation studies have identified microbes involved in TNT
degradation via DNA sequencing, and many of such studies do not involve indigenous anaerobic
microorganisms. Finally, the results of this study will be useful as an analoguenfediation of
similarly structured organic pollutants, especially other energetic compounds. As more nations
industrialize and population grows, demand for clean groundwater will increase. Learning how to
effectively decontaminate groundwater aquifersivensure continued sustainability of this invaluable

resource.
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The large and even increasing number of emerging contaminants in our water require fast, simple and
reliable assessment methods, which can provide muyitipformation needed for regulatory decision
making in order to eliminate or reduce the potential risks associated with these pollutants.
Toxicogenomic research (genomic, proteomic, and metabonomic) measures the global mdallar
activity in responsdo environmental stressors. Its sensitive, characteristic and ability to reflect sub
lethal low dose effects of toxicant in short time frame provide a significant advance in toxicant
evaluation, understanding toxicity mechanisms and pathways. Howeverititnzally toxicogenomic
technology ¢ microarray, has some limitations such as high cost, complex procedure, and lack of
temporal resolution when apply for ecological assessment. Furthermore, accepted and transferable
guantitative toxicogenomic endpoints &ih can be potentially applied on toxicity assessment and toxin
regulation are lacking.

In this study, a wholeellarray library consisting of 9Escherichia coli K1®2rains with transcriptional
GFPfusions, covering most knowstress genes was employeghich allowed for temporal monitoring

of transcriptional activities in exposure to several engineered nanomaterials (ENMs), asilvano
(nAg), nanditanium dioxide anatasen{TiO2_a)nanotitanium dioxide rutile QTiO2_r), carbon black
N110 (CB), Hefrene, and singlevall carbon nano tube (SWCNT._Al) data were corrected with various
controls, including blank with medium control (with and without ENMs) and promterless bacterial
controls (with and without ENMs). The transcriptional effect levefdf)a given gene at each time point

due to chemical exposure, is represented by the ratio of transcriptional GFP level in the experiments
with ENMs exposure to that in the control condition without any ENMs exposure.

The ENMs induced transcriptional et levels are very dynamic and complex across the stress genes
examined, with most of the genes exhibiting different patterns and varying magnitudes of transcription
activities over time. The temporal change in gene expression level reflected the dyofathe cellular
response involved in the stresasponse mechanism. The results revealed that the oxidative stress, DNA
damage, and membrane stress are the most important toxicity mechanisms for all the ENMs tested.
With the analysis of detailed informatioof different DNA damage and repair genes, we found that
different DNA repair pathways are activated by different ENMs. Cablaged NMs led to relatively less

extent of DNA stress compared to others. nAg activated Base Excision Repair (BER) and, nTiO2_a
induced more on Nucleotide Excision Repair (NER) and Mismatch Repair (MR). The more severe DNA
damage caused by nTiO2_a is indicated by the activation of an intensive DNA repair regulatory system,
SOS system.

The gene expression profiles are not only miieatspecific but also concentratiedependent indicating

that the molecular level genomic activities are very sensitive to not only the type of toxin but also the
level of toxin in exposureWith a computational algorithm and methods fordinensional gee-
expression data clustering and similarity analysis, the NMs showed clusters based on their similarity in
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response to toxicants, meaning their toxicity mode of action (Figure 1). The same NM of different
concentration treatments clustered together excefptose concentrations at detection limit or above

the threshold of MOAdependent response. The gemsgpression profile of a mixture of ENMs (nAg and
fullerene) most closely clustered with profiles of component ENMs (Figure 1), potentially allowing for
identification of causal chemicals present in the mixture.
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Figure 1 Cluster of toxicant specific profiling Figure ZTELddose response curve allow for
with different ENMs at various developing toxicogenomic endpoints.

To link thetoxicogenomic results with regulatory benchmarks and conventional toxicity assessment
endpoints, a Transcriptional Effect Level Indicator (TELI) that incorporates both the extent and
magnitude of altered genes expression induced by toxicants as well dadtoe of exposure time are
calculated. Those TELI values exhibit concentratiendent pattern (Figure 2) and allows for the
establishment of doseesponse curve. The parameters derived from -bB6ke response relationship, as

TELhax TELISO, NOTELand TELby are comparable with those currently used endpoints, such as
EC50, Biological Oxidative Damge (BOD) and Non Transcriptional Effect Level (NOTEL) (Table 1). These
TELderived parameters can serve as regulatory benchmarks and toxicity assgsgndpoints in
environmental monitoring, toxicant evaluation, and toxic identification at low dose level exposure.

Table 1 Correlation of TEdérived toxicity endpoints with currently used toxicity endpoints

Corrlation Coefficient TELhax Slope TELI50 NOTE},
NOTEL -0.51 -0.04 0.20 *

EC50 -0.82 0.39 -0.61 0.78
BOD 0.98 -0.63 0.80 -0.95

*NOTEL and NOT{Lboth represented the toxin level with nedetectable transcriptional effect, the
absolute value of these two endpoints are consistent insiudy  values ranged from 0.92~1).

This study demonstrated the promising application of toxicogenomic information generated from quick
and inexpensive in vitro or in vivo techniques, suclyfainfused recominant wholeell arrays used for
screeningand evaluating the environmental toxicants of concefithe Transcriptional Effect Level
Indicator (TELI) proposed in this paper, for a first time, translate the toxicogenomic data into a readily
useable and information rich toxicity evaluation endpoint ttln be potentially link to regulation
endpoints and incorporated into decisianaking framework. The redime gene expression profiling

will improve our understanding of toxicant induced biological response by providing information about
underlying moleular pathways that involved in response to compound exposure.
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HYDRAULIC FRACTURINSHALE FOR NATURAIS RECOVERY
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Natural gas is the fuel source f@24% of the total energy demand of the United States. This fraction is
expected to rise as the U.S. turns towards its large, unconventional, domestic natural gas sources to
meet growing demand. Currently, shale gas is the largest contributor to growthawiral gas
production in the U.S. and is predicted to represent nearly half of all domestic natural gas production by
2035.

Shale gas refers to natural gas entrapped in shales, thegfimi@ed, clastic sedimentary rock composed

of clay minerals and &isized particles as well as other minerals, such as quartz, calcite, and pyrite. The
gas is held in natural fractures and pore spaces or adsorbed onto the organic material and minerals in
the formation. However, shale formations lack sufficient natpaosity for recovery of natural gas at
rates suitable for largscale production. Therefore, fractures must be engineered in the formation to
enable commerciallyiable gas flow rates. This is made possible through the combination of horizontal
drillingtechnology and hydraulic fracturing.

Hydraulic fracturing of horizontal wells results in large volumes of wastewater known as flowback.
Flowback is a complex mixture of fracturing fluid amendments as well as salts, metals, and hydrocarbons
from the swbsurface and is typically impounded at the surface prior to treatment and disposal or reuse.
Biological reactions in the impoundment can give rise to aesthetic problems, such as sulfide production
as well as water management issues including metal ptetipn. These transformations and the
microbiology which drives them are poorly understood. We characterized the microbial communities,
both Bacteriaand Archaeain several flowback water impoundments receiving water from hydraulic
fracturing of the Marcellus shale in Pennsylvania. -B&®d methods were utilized to characterize
populations at different depths in the impoundments and across differenttpgatment strategies.

16S rRNA gene clone libraries show that all impoundments, treated or untreated, contained diverse
microbial populations with high degrees of similarity to organisms from saline environments. The
impoundment which had received pretreated watrecipitation and filtration) exhibited relatively
small population changes from the surface to the bottom of the impoundment. Gene sequences
recovered from this impoundment were most similar to known aerobic hydrocarbon degrading and
sulfur oxidizingbacteria from the BE-proteobacterial clade. The impoundments receiving untreated
flowback water were more diverse and featured microbial population changes between the surface and
the bottom of the impoundments. At the surface, gene sequences had a bmyeel of similarity with

well described, aerobic hydrocarbon degradiMigrinobacterfrom the E-proteobacterial clade. Clone
libraries of the communities in deeper impoundment samples contained sequences most similar to
known marine sulfate reducing membefi®m the B-proteobacteriaand many sequences for which no
similarity between known genera existed above the 90% level. Gene sequences recovered at all depths
in the untreated impoundments were closely aligned with fermentative organisms from phylum
Clostidia. Archaeal populations were only present in the impoundments which received untreated
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water and exhibited greatly limited diversity; all gene sequences recovered had a close similarity with
the generaMethanohalophilusa salttolerant methanogen.

The finding of diverse microbial populations in flowback water impoundments is significant for the
efforts of natural gas developers to limit microbial growth through the addition of organic biocides.
Despite these controls, the microbial communities evhidevelop are closely linked with the depth
dependent biogeochemical gradients within the impoundments. Findings of this study suggest that a
better understanding of the microbial populations which develop during impoundment of flowback
water will lead © better management options for natural gas developers to minimize the adverse
impacts of microbial growth and result in more sustainable solutions for flowback water management.
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Transport and migration of microbes in porous mediaelevant to various environmental engineering
applications such as in situ or enhanced subsurface bioremediation, filtration processes for water and
wastewater treatments and protection of drinking water supplies. Microbes in subsurface, either
indigerous or biecaugmented, can profoundly impact the fate and transport of contaminant by changing
the geochemical conditions, transform and/or degrade the contaminant, or alter the mobility of
contaminants. The search for relatively inexpensive and sustamablns to improve the quality of
surface waters to be used as a source of drinking water has draw attention to the technology of
riverbank filtration; however, in order to better design and operate bank filtration schemes for drinking
water treatment, itis important to understand the transport and fate of the pathogenic microbes as
well as microbes that have impact on the fates of pollutants. Currently, theory of colloidal transport has
been most often applied for modeling microbial migration without inmrating some distinct aspects
unique to microbes such as their morphological geometry, elasticity (deformable) and cellular surface
composition and properties, that would affect ce#ll or cellsurface interactions, and therefore their
transport. Therds a need to gain fundamental understanding of the impact of these celiiglpendent
properties with the microbial migration behavior.

In this study, we quantitatively assessed cell surface properties such as presence of extrapolymeric
substance, contat angle, zeta potential etc. and cekll adhesion quantities (aggregation index), for a
number of environmentally relevant microorganisms. Atomic Force Microscopy (AFM) and related
mathematical framework was employed to conduct nestale characterizaih of cell surface
mechanical properties, cetlell/cellsurface contact mechanics and inter surface forces. The microbial
displacement and transport in watesaturated porous media for the selected bacteria were also
evaluated with flowthrough column egeriments, under different environmental conditions (water
chemistry and fluid flowrate). Microbe breakthrough curve, retained cell profiles and attachment
efficiency were also quantified. We then evaluated the impact of the cellular surface properties and
aggregation behavior on the macszale deposition parameters determined by column testing.

-Table 1 reports the results of the cell surface characterization for selected bacteria strains studied.
Different bacterial species, even different strains of geme species, exhibited differences in their
surface properties. Cell aggregation index (Al), which measures the tendency of cells to aggregate was
higher for Desulfovibriodespite its higher hydrophobicity and surface charge. This could be partially
exphkined by the presence of EBSDesulfovibricsurface, which can affect its ability &mlhere to other

cells by longange forces. Different migration behavior among the microorganisms was also observed
(Figure 1). The larger percentage of cell retaim@ds. Odenensigvhich can be deducted by the height

of the breakthrough curve in Figure 1), can be explained with the differences in size and surface
characteristics of the two strain$S. Odenensis slightly larger in size and have higher tendency to
aggregate (indicated by its higher Al value) tt&anPutrefaciensso the single collector efficiency would

be higher for this strain since it could be more easily intercepted or settle on the collector. In adgition,
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Odenensiss less electronegative thaS. Putrefacienstherefore the electrostatic repulsion should be
lower. In accordance to DLVO theory, deposition increased for the different bacteria species with
increasing ionic strength of the water (Figure 1). DLVO calculations revealed high eseigyg lior all
conditions except that with the highest ionic strength evaluated, indicating that the energy barrier
based on conventional forces for colloids would prevent the bacteria from attaching to the sand grains.
However, experimental data showedear attachments of these microorganisms onto the column
media.

The nanescale characterization done with AFM reveals that adhesion energies increase with increasing
ionic strengths whereas the repulsive energies decrease; also mechanical propertieas sherelastic
modulus increases, increasing the stiffness of the cell. AFM results suggest that deformation forces
might play an important role at the lowest ionic strength but might be negligible at the highest ionic
strength, potentially explaining whHyLVO theory is unable to predict bacteria attachment at lower ionic
strength.

In conclusion, different bacteria have distinct migration characteristics and behavior, even if they are of
the same species with similar morphology, making it clear that autmv@al colloidal theory, which
consider microbes as spherical colloidal particle and, whose deposition rate is determined only by Van
der Wall and electric double layer forces, may not be sufficient for predicting microbial transport in
porous media. A ng theoretical framework and model structure is needed to better predict the
microbes transport that incorporates more microldependent parameters. AFM was shown to be a
powerful tool in measuring parameters and forces that can affect the bacteria transpor

Table 1 Measurements of surface properties for the strains studied. Within parenthesis the standard deviation of
the measurement is also reported.

v-potential (mV
Contact Presence of P (mVv)

Bacteria strain Al 1 mM 3mM 10 mM
angle EPS
KCI KCI KCI
Desulfovibrio Vulgaris  45.5°(4.5) + 0.29 (0.07) -43.5 -37.1 -25.4
S. Oneidensis MR 30.3° (4.9) - 0.21 (0.04) -18.3 -18.4 -16.9
S. Putrefaciens CN32  15.5° (4.7) - 0.12 (0.04) -30 -29.9 -28.2
Table 2.Selected Nanscale mechanical properties determined with AFM for two of the strains studied.
S. Oneidensis MR S. Putrefaciens CN32

1 mMKCI 3mMKCI 10mMKClI 1 mMKClI 3 mMKCI 10 mM KCI
Elastic Modulus (KPa 101 +17.1 218+225 281+27.6 53+8.7 111+14.8 148+29.7
Adhesion Energy (aJ) 59+3.0 154+12.2 390+20.8 40+3.69 46+352 74+522

Repulsive Energy (aJ 1330 +30.5 210+ 10.3 37 +5.12 / / /
1.0 1.0
0.8 0.8 -
o 06 o 06
g -o-1mM g -o-1mM
o o
04 g " &E ——3mM 04 ——3mM
02 ——10mM 02 ——10mM
0.0 # ‘ ‘ %& ‘ 0.0 ﬁ ‘ ‘ %ﬁﬁ&m
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (sec) A Time (sec) B

Figure 1 Representative breakthrough curves for experiments conducted with S. Odenensis MR1 (A) and S.
Putrefaciens CN32 (B) cells in columns packed with silica sand over a range of solution ionic strengths.
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GENETIC BIOAUGMENIGN: UTILIZING HORIKTAL GENE TRBFER TO
ENHANCE IN SITU BEMEDIATION

K. Ikuma and C. K. Gunsch*
Department of Civil and Environmental Engineering, Duke University, Durham, NC USA
*Mailing address121 Hudson Hall, Duke University, Box 90287, Durham, NC-P280U8
Phone: (919) 666208. Fax: (919) 6&8R19. Email: ckgunsch@duke.edu

Bioremediation has gained considerable attention over the past few decades as an effective and
relatively inexpens® method of cleaning up contaminated environmental sites. Specific methods for
bioremediation could involvex situpump-andtreat processes oin situ treatments that add either
substrates to stimulate microbial degradation of contaminants (biostimuljt@mmicrobes that have

high degradation potentials (bioaugmentation). Althouih situ bioremediation processes generally
offer more advantages thaax situmethods, there are concerns with the current situ methods that

limit their effectiveness. Forxample, a major concern in bioaugmentation is the effect of the addition

of large quantities of microorganisms that are foreign to the site. This may lead to significant changes in
microbial community structure and a losigrm instability in ecosystem intgity. Furthermore, the
degradative activities of such foreign microbes may be compromised when introduced into an
unfamiliar environment during bioaugmentation, thereby resulting in a lower bioremediation potential.

Horizontal gene transfer (HGT) is &&spread phenomenon in the prokaryotic kingdom that occurs
readily under harsh environments where genetic adaptation is required for the survival of
microorganisms. HGT could be useful for bioremediation to shift microbial communities in favor of
degradirg xenaobiotics, persistent organic compounds, and emerging contaminants. In fact, it has been
noted that HGT has repeatedly occurred naturally in contaminated sites to aid in bacterial adaptation to
organic pollutants. Therefore, instead of introducing &armguantities of foreign microbes capable of
degrading the contaminant as seen in conventional bioaugmentation, we can introduce small amounts
of bacteria harboring genes encoding for enzymes that degrade the contaminant of interest and
stimulatein situHGI of those degradative mobile genetic elements to the native bacterial community.
This proposed method is termed genetic bioaugmentation and may provide a safer way of
bioaugmentation than using genetically engineered microbes. However, the mechanisreffectd of

HGT must be extensively characterized prior to this application with a focus on how to enhance HGT
occurrences and improve the resulting degradation potential. This method should be especially useful
for the bioremediation of emerging anthrogenic contaminants.

In this study, the TOL plasmid, which includes genes for the degradation of xylenes, toluene, and related
species, is used as a model system with toluene as the model contaminant. While toluene is not
considered a persistent emerging argc contaminant, the TOL plasmid is an ideal model HGT system
because it falls under a diverse family of degradative plasmids that frequently undergo HGT and its
degradation pathways are well documented. Using a green fluorescent protein expression,system
have demonstrated that the TOL plasmid frdPseudomonas putidB8BC443 has been successfully
transferred to several-proteobacteria strains, e.d?seudomonas fluorescererratia marcescensand
Escherichia cobH%:. However, some transconjugants that harbor the TOL plasmid do not have the
ability to degrade and utilize toluene as the sole carbon source even though all of the necessary genes
have been successfully transferred. Further investigations have shownutlatimnsconjugants require
additional external factors for toluene degradation such as alternative carbon sources. For example, the
effects of glucose addition on the toluene degradation rates of the various strains are shown in Figure 1.
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The addition ofglucose at most concentrations resulted in significant enhancement of toluene
degradation rates in all transconjugants while its effect on the donor stRinputida was not as
pronounced. Similar results were obtained when varying dilutions of the enitrich LuriaBertani
medium was added. Furthermore, exposure of transconjugants to different pH values and nitrogen
sources indicated that pH 8 and ammonia were the most favorable conditions for gene functionality.
The mechanisms of enhancement by suétarges in environmental conditions are currently being
studied.
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Figure 1.Toluene degradation rates of transconjugants @&hdputidawith the addition of varying doses
of glucose. Error bars represent the standard deviation of triplicate samples.

Previous studies suggest that the recipient genomic guacoytesine (GC) content may play an
important role in determining whether the transferred genes will be expressed in transconjugants. The
lack of functional phenotype in the absence of alternate sttddes seen in this study may be due to
differences in GC content between the TOL plasmid (~59% GC) and the recipient genontesc(di.g.
50%,S. marcescen$9%,P. fluorescen0%). Therefore, the closeness of recipient genomic GC content
to the GCcontent of the transferred genes may be an indicator of the success rates of genetic
bioaugmentation.

While other parameters should be studied in depth prior to the field application of genetic
bioaugmentation, the results from this study indicate thattsessful HGT events coupled with the
desired degradative phenotype can be promoted by small changes in environmental conditions. With
further research, there is potential for genetic bioaugmentation to be applied towards remediating
emerging contaminantaivarious environments such as groundwater and soil. Overall, this study will
illustrate that genetic bioaugmentation may provide an effective but safer, cheaper and less invasive
method for bioremediation.
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HIGHTHROUGHPUT PYROSHQUING OF BACTERIAYHRSITY IN DRINKING
WATER

Qiang He*? Yan Zharly
'Depart. of Civil & Environmental Engineering, University of Tennessee, Knoxville, TN, USA
“Center for Environmental Biotechnology, University of Tennessee, Knoxville, TN, USA
*Address: 57A Perkins Haflnoxville, TN 37996; Phone: (865)%5067; Fax: (865)972669; E
mail: gianghe@utk.edu

Background:Despite vigorous filtration and disinfection in water treatment operations, a small number
of microorganisms, some of which are potentially pathogenic, ai@mpresent in treated water,
presenting a poorhunderstood public health risk. Data on waterborne disease outbreaks suggest that
drinking water continues to be one of the most import media for infectious diseases worldwide. Current
practices in assessingological integrity of drinking water have relied primarily on cultivation and
polymerase chain reaction (P@sed techniques. Since many microorganisms are not yet culturable
while PChbased techniques could only detect specific groups using preyickisbwn signature
sequences, it is likely that the microbial diversity and potential health risks of drinking water remain
inadequately evaluated. Therefore, the objective of this study is to thoroughly characterize the diversity
of bacterial populationsni drinking water with higiihroughput pyrosequencing as well as conventional
clone library analysis.

Methods: Drinking water (150 L) was collected from the same faucet in December 2009 and June 2010.
Microbial biomass was harvested with ultrafiltratidallowed by centrifugal concentration. DNA was
extracted for both clone library analysis and 454 pyrosequencing of the V3 region of 16S rRNA genes.
OTUs were assigned with the average neighbor clustering algorithm and taxonomy was assigned by
MOTHUR usinthe naive Bayesian rRNA classifier of RDP. A pairwise distance matrix was constructed
and all the subsequent analyses (ecological indices, rarefaction;atamdance, species abundance,

and shared analyses) were performed using this distance matrix.

Reslts: Clone library analysis generated a total of 173 sequences, representing 35 unique sequences of
~900 bp. In contrast, pyrosequencing resulted in 11,248 high quality reads of ~150 bp, representing
1,463 unique sequences. As expected, rarefaction cune¢yaes of the observed OTUs indicate the near
complete coverage of the community diversity with the unprecedented sampling depth provided by
pyrosequencing. In contrast, clone library analysis evidently usdepled community diversity. Three
bacterial fhyla, ProteobacteriaActinobacteria andFirmicutes were detected by both clone library and
pyrosequencing, withProteobacteriaas the predominant group (~90% sequences), confirming the
consistency between these two methods. Over all, similar bactenedrsity was indicated by clone
library analysis and pyrosequencing at the family level (Fig. 1).

However, pyrosequencing was able to detect additional phyla with low abundance sAcidabacteria
(0.12%), Bacteroidetes (0.20%), Deinococcudhermus (0.12%), and Fusobacteria (0.03%).
Pyrosequencing also detected potential opportunistic pathogens at very low abundance, including
AeromonasBurkholderiaMycobacteria andLegionella Notably, the bacterial community structures in
drinking water shifted significantly between winter and summer (Fig. 1): Populations related to
Methylobacteriaceaevere the most predominant in winter whil®©xalobacteraceaavere the most
abundant in summer Since the activities of these bacteria were unclear in drinking water, the
significance of the changes in these abundant populations needs to be further investigated. The high
throughput sequencing of 6 additional drinking water samples has been cordpltehe time of
submission. Ongoing analysis of the sequencing data will provide information on the distribution of
these bacterial populations in geographically distant water distribution systems.
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ConclusionsThe high coverage of pyrosequencing enaltleel detection of low abundance bacterial
populations such as certain potential pathogens, demonstrating the advantage of this technology to

adequately assess the public health risk of waterborne pathogens in drinking wategoi@n

investigation will furher reveal the biogeography of bacterial populations in drinking water.
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Fig. 1.Bacterial community composition at the family level as
revealed by clone library (DWHIb) andpyrosequencingDWII -
454) for drinking water sampled in winter (A) and summer (B)
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BACTERIOPHAGBENCTIONALIZED MATAE FOR SELECTINETURE AND
INACTIVATION OF WARBORNE PATHOGENS

Zeinab HosseinidoustTheo G.M. Van De Ver\nd Nathalie Tufenkii
'Department of Chemical Engineering, McGill University,
Montreal, Quebec H3A 2B2, Canada
“Department of Chemistry, McGill University, Montreal, Quebec H3A 2K6, Canada
* Corresponding Author. Phone: (514) 38@99; Fax: (514) 39878; Email:
nathalietufenkji@mcgill.ca

Waterborne infectious diseases bring death and illness to millions of people worldwide. Rapid, effective
and sustainable methods to purify drinking water can save human lives in developing countries and in
disaster scenarios such asdts or earthquakes. One proposed method to control bacterial populations

in potable water supplies is the use of bacteriophdigectionalized materials. Bacteriophages are
viruses that exclusively infect prokaryotes and are thus innocuous to eukarygticiieman) cells. They

can be used as natural biocontrol agents in water decontamination, food processing, and biomedical
applications. Bacteriophages can be immobilized on substrates as simple as filter paper and serve as a
means of water purification whout need for any advanced or expensive infrastructure.

In this study, we have investigated the bacterial capture and inactivation capability of different phages.
Five phages with different structures and genetic material were chosen and covalently iizewbnto

a model substrate. The phagdenctionalized substrates were subsequently tested for bacterial capture
efficiency towards their host bacteri&almonella typhimuriungS. typhimuriurh andEscherichia co(E.

col). Furthermore, the rate of celysis for phage bound to the model surface was studied using
fluorescence microscopy. The five selected phages (PRD1, P22, PR772, MS2, and T4) are representative
of the possible structural variations for phages and allow us to evaluate the behavior afsphaging
completely different physical structure and mode of infection. To our knowledge, this is the first study of

its kind and can help fill the gap for utilizing phage in combating waterborne infections.

The selected substrate, phages and bacterdcges were characterized using several experimental
techniques including scanning and transmission electron microscopy, atomic force microseapy, X
photoelectron spectroscopy, and contact angle goniometry. The number of captured bacteria for
substratesfunctionalized with each of the chosen phages was quantified via fluorescence microscopy
and is presented in Figure 1. Moreover, the rate of cell lysis by a ghagdonalized substrate has
been monitored (Figure 2).

We will present and discuss oundiings while taking into consideration the structural differences of the
selected bacteriophages. Binding of the phages to the model substrate affected their biofunctionality as
expressed by bacterial capture efficiency and rate of host lysis. Our resofiRasize that the biology

and surface properties of the phage and the bacterial target greatly influence bacterial capture and
subsequent inactivation. Of the phages investigated, PRD1 @osgphimuriurh MS2 (hostE. col)
exhibited superior capture &tiencies for their host bacteria. Substrates with immobilized PRD1 were
shown to actively lyse all of the captured cells within one hour of contact. The results of our study show
that phagefunctionalized materials are promising candidates for seleatsgture and inactivation of
waterborne pathogens.
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NATURAL ORGANIC MARIINTERACTIONS WMHETAEBASED
NANOMATERIALS: IMBATIONS FOR AGGRHGAT DISSOLUTION, BN
BIOAVAILABILITY
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*Corresponding authoaddress: 121 Hudson Hall, box 90287, Durham, NC 27708; phone: (919)
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The environmental fate and mobility of metallic and mineral nanoparticles (NPs) can be strongly
influenced by sorption of natural organicscinding humic substances. Organic matter is capable of
modifying particle surfaces and changing the reactivity of the NPs with respect to attachment to other
particle surfaces, dissolution of the NPs, and bioavailability of the metals associated witRshé&Nhis

work we studied two types of nanomaterials: zeralent Ag NPs, which are widely used in consumer
products for antimicrobial applications, and mercury sulfide (HgS) NPs, which occucamteiginated
sediments as an intermediate of metacinnabgrecipitation processes. Here, we studied multiple
pathways in which dissolved natural organic matter (NOM) can alter the fate of nanomaterials in the
aquatic environment. These processes include aggregation, dissolution, metal complexation, and
bioavaihbility to microorganisms.

In the first case, we studied how dissolved organic ligands that are prevalent in aquatic systems may
affect the aggregation and oxidative dissolution of metallic Ag nanoparticles. Cysteine-@otitaihing

amino acid, washosen as a surrogate for higtffinity metal binding groups prevalent in NOM. Our
research found that cysteine sorbed to Ag nanoparticles and increased NP attachment efficiencies
during aggregation in diluted seawater (Figure la). The increase of aggregates depended on
surfaces properties, including zeta potential and type of surfactant coating utilized to manufacture the
NP (e.g., citrate, PVP). The addition of cysteine to Ag NP suspensions also increased the dissolved Ag
concentration (Figure 1b)These results indicated that cysteine was simultaneously sorbing to the Ag
NPs and promoting their dissolution. Furthermore, the dissolved cysteine that was observed to remain
in solution was likely to persist as dissolved Ag(cystgineinplexes in solitn, based on calculations

of dissolved equilibrium speciatioBioavilability of silver to exposed organisms is expected to depend
on dissolved Ag concentration and Ag speciation.
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Figure 1.Influence of cysteine on the aggregation adidsolution of citratecoated Ag nanomaterials
suspended in diluted artifical seawater. a) Addition of cysteine increased the attachment efficiency
between Ag nanoparticles; b) Cysteine increased the dissolved Ag concentration while the extent of
dissoluton depended on the salinity (and possibly the aggregation state of particles).

56 2011 AEEP Education & Research Conferendaiversity of South Florida



Advances that Deal with Water Depletion and Degradation

In the second case, we studied the precipitation of HgS and other metal sulfide nanoparticles in the
presence of dissolved NOM. Such reactions are expected to occur in aitasesliments of mercury
contaminated systems. Hg speciation in porewater controls the bioavailability of mercury to anaerobic
microorganisms that produce methylmercury (the form of mercury that bioaccumulates in food webs).
Our work has shown that nanopates of HgS can exist in porewater if precipitation reactions occur in
the presence of dissolved NOM. We observed stabilization of hanoparticulate metal sulfides in solutions
with thiolate ligands and with high molecular humic substan(ef). Methylation potential of HgS
humic nanoparticles were compared to dissolved amidroparticulate HgS by exposing pure cultures of

a sulfatereducing bacteria §. propionicups to three different forms of mercuric sulfides. MeHg
production was greatest in cultures treated with dissolvedddiiides (Figure 2). In the treatments with
HgSnanoparticles, mercury methylation was observed at a slower rate, but was faster than the bulk
scale metacinnabar treatment. These results suggest that a fraction of inorganic mercury associated
with HgS nanoparticles is bioavailable to methylating baatepossibly due to higher solubility and
specific surface area of nanoparticles over miscale particles.

Overall, our work highlights the importance of mekahding organic ligands such as NOM for modifying
the surface of metal and mineral nanomatdsd in environmental settings. Sorption of NOM alters the
aggregation and solubility of the nanomaterials, and ultimately, will influence their persistence in the
environment and bioavailability to exposed organisms.
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Figure 2(a) Precipitation of3 mM Hg(NQ), with 3 M NaS dissolved in the presence of dissolved humic
acid (pH 7.5 0.5M NaN@lectrolyte). Modified from Ref1); (b) Prauction of methylmercury (MeHg)
in D. propionicugultures exposed to 1 nM mercury in three different forms (dissolved Hg{Ni@yS
humic nanoparticles, and bulk HgS particles).
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DEPOSITION KINETICEOEOL$17 ONTO PVC AND BIOFILM IN A
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Drinking water distribution system (DWDS) can be treated as a bioreactor with microorganisms both in
bulk water and on the pipe surfaces. A layer of organic matter and microorganisms formed by the
attachment of bacteria on the surfacd the pipe is known as biofilm. DWDS biofilm could be a public
health concern because it can promote accumulation, survival, and growth of waterborne pathogens. A
variety of microorganisms can enter the system through leaks, breaks, and insufficientérgattmce
microorganisms persist in the DWDS, the partition of microorganisms between bulk and pipe surface
plays an important role in microorganism fate and transport in the system. The objectives of our study
were to determine the attachment mechanism B$cherichia cofE. coli S17 on PVC and biofilm grown

on PVC in monovalent salt solutions. In our study, a parallel flow plate chamber coupled with an
inverted fluorescence microscope was used to monitor the real time attachmeit 0bliS17 onto PVC

or biofilm surfaces in monovalent salt solution (NaCl). Biofilm community analysis was conducted to
help understand the correlation between biofilm age and the attachment mechanism.

Biofilm was grown on PVC coupons with Newmark groundwater CDC biofilm reactor. Biofilms with
different ages (2, 6, and 8 weeks) were grown for deposition experiment in a parallel flow plate chamber
with the corresponding Re of 1.24 and flow rate of 1 ml/min. The attachmeri.afoliS17 on the
biofilm surfae was observed and counted every 15 sec for 30 min through the deposition experiments.

Surface potentials dE. coliS17 and a substratum were measured in solutions with varied ionic strength.

These data were used later in calculation for energy bartigrderjaguidLandauVerweyOverbeek

(DLVO) theory. Contact angles were measuredHorcoli{ mT YR 0A2FAfY G2 O fC
constants. Biofilm surface roughness was also measured by atomic force microscopy (AFM). Biofim
community analysis was cardearried out for biofilms with different ages.

The transfer rate coefficient&d) of E. coliS17on both PVC and biofilm increased with ionic strength due
to double layer compression. The positive correlation of deposition with ionic strength indicates that
electrostatic interaction plays a role . colideposition on biofilm. Van der Waals fesc calculated

from contact angle suggested that deposition decreased with biofilm age. However, measured
deposition rate increased with biofilm age. Thus, the combination of electrostatic interaction and van
der Waal interaction is not sufficient to explak. colideposition on biofilm. We hypothesized that
biofilm surface roughness played an important roleEincoliS17 deposition. Figure 1 shows a positive
correlation between the biofilm roughness measured by AFM and deposition rate coeffigiefhe
roughness increase with biofilm age, and corresponds to more varieties of microorganisms found with
aged biofilm, as shown in Figure 2.
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FIGURE 1Biofilm roughnessorresponding to deposition rate coefficient &. colion each biofilm.

Deposition experiment was carried out at pH-8.3.kp at 10 mM KCI was selected as a representative
to include in this plot. Biofilm roughness was measure by AFM tapping model: S¢&h |

measurement was repeated at least 3 times.
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OPTIMIZING THE BIQHAFILTER FGROUSEHOLD DRINKINGMER
TREATMENT IN DEVEINIFP COUNTRIES

J. Napotnik, K. Doup, N. Smith, S. Zientarski, M. Wilson, K. Jellison*
Department of Civil and Environmental Engineering, Lehigh University, Bethlehem, PA USA
*STEPS Building, 1 West Padkeenue, Bethlehem, PA 18015
Phone: 6160758-3555; Fax: 610586405; Emaikjellison@lehigh.edu

The concrete biosand filter (BSF), as shown in Figuie d ,small scale, intermittentigperated slow

sand filterdesigned for use in households where watgrcarried into the house in buckets or other
containers and then poured into the filter. When contaminated water is poured into the filter, the high
water level in the influent reservoir provides the hydrostatic head to push water through the filter by
the force of gravity. Pause periods between filter use are important because they provide time for (i)
microorganisms in the biolayer to consume contaminants in the supernatant and upper layer of the
sand bed and (ii) adsorption and settling of contamisattt occur in the lower layer of the sand bed.
Pause periods of-62 hours (minimum 1 hour and maximum 48 hours) are generally recommended.

/k\\ 1. Inlet Reservoir Zone Whereraw water is
""" [ " | poured into the filter.

2. Standing Water Zone Keeps the sah
saturatedwhile letting oxygen pass to the
biolaye

3. Biological Zone Developsn the top 510 cm
/ @néov 2F GKS alyR adzNx

Ay

,‘/‘

Figure 1. €sssectional view of theconcrete biosand filtershowing the
internal components. Figure courtesy of the Centre for Affordable Wat
and Sanitation Techology (CAWST).

The concrete BSF produces high quality water but can be too costly3@15D) for some of the
poorest households in the developing world. In addition, the size (0.3 m x 0.3 m x 0.9 m, w x d x h) and
weight (250 Ibs) of theoncrete filter make it cumbersome and difficult to transport beyond the initial
installation location. The current research tests the hypothesis that biosand filtration can be effective
with smaller, lighter, less expensive units in order to more suatdinmeet the needs of a larger global
market.
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We are testing two modified BSF designs-gabon bucket BSF and agallon bucket BSF, against the

large concrete BSF for their efficacy in removal of turbidity, total colifoEngoli MS2 coliphage, and
Cryptosporidium parvuraocysts from raw drinking water supplies.

Water from a spiked tank is used to fill 12 filters: four concrete BSFs, {gar thucket BSFs, and four 2

gal bucket BSFs. The 12 BSFs were constructed under tdamgriiof Derek Baker, technology director

for the Centre for Affordable Water and Sanitation Technology (CAWST) in Calgary, Canada. Filter media
(fine sand and coarse gravel) is the same for all three BSFs; the major difference is the depth of the fine
sand layer (fine sand depths are 54 cm for the concrete BSF, 16 cm forghlkebbicket BSF, and 10 cm

for the 2gal bucket BSF). Sand was prepared according to CAWST training manuals. Supernatant water
is maintained at a depth of 5 cm for all three BSRaw water holding capacities (i.e., reservoir volumes)

are 12 L for the concrete BSF, 3.5 L for trgabbucket BSF, and 1.5 L for thge& bucket BSFFilters

are currently being tested for 32 consecutive weeks over a range of pause periods @, 22,324, and

72 hrs).

Since most particulate removal occurs at the surface of the sand bed, the smaller sand bed depths in the
bucket filters are not expected to significantly impact filter performance with respect to turbidity,
bacteria, or protozoarcysts. Virus removal, however, may suffer from the more shallow sand bed
depths in the bucket BSFs. Viruses are negatively charged (which inhibits their attachment to
negativelycharged sand grains) and small enough to move through the biolayer anehtadly, the

entire sand bed depth. Therefore, we are also testing a modification to the three BSF designs consisting
of 6 kg of small rusty iron nails (i.e., iron oxide) in the diffuser basin (two of the four filters of each type
are modified with rustynails); these positivelgharged rusty nails are included to enhance the
adsorption/adhesion of the negativetharged viruses through electrostatic forces. In this way, the
viruses become attached to the iron oxide on the nails and onto the sand grhiee watural die
off/deactivation occurs.

Results from this work will identify whether the smaller, cheaper BSFs can provide drinking water that is
comparable in quality to that produced by the traditional concrete BSF (and whether the addition of the
rusty nails is a requirement to achieve virus removals in the smaller BSFs that are similar to those
observed in the concrete BSF). We will also be able identify optimal pause periods recommended for
use of the smaller filters.

The smaller, lighter BSFessulting from this project will fit nicely into existing, ssifstaining channels of
global distribution (ranging from charitable donations to full emstovery programs). Because they
cost less and are easier to handle, deliver, and service, mordidamyill be able to purchase and
transport the new BSFs to their homes, full cost recovery or partiatregsivery programs will be more
feasible, and each donor dollar for subsidies will go further. The new BSFs will also open up new
opportunities forsocial entrepreneurs to build businesses selling water treatment systems to those who
can afford to pay. Theoretically, this type of social marketing can enhance the development of the
GYARRES Of I aa¢ k¢ neBeSs@rg feduitevnghSfor geloping Aayichs to evolve from

poor economies to sustainable, growing economies.

Making BSF technology more accessible to a broader population will contribute to the United Nations
Millennium Development Goal of reducing by half the proportion of pe@gthout access to safe water

by 2015. Increasing the number of people who filter their drinking water will reduce the incidence of
waterborne diarrheal disease, increase productivity (e.g., increase the number of days children attend
school and adults aéind work), increase the earning capacity of the average household, and help
households and communities break the cycle of sickness and poverty which currently plagues billions of
people worldwide.
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ADVANCED TECHNIQUE FOR MONITORING BIOREMEDIATION OF VINYL
CHLORIDE IN GROUNDWATER

Y O Jin and T E Mattes
Department of Civil and Environmental EngineeriffggUniversity of lowa, lowa City, USA

Bioremediation strategies can be cost effective and environmentally friendly approaches for improving
the quality ofgroundwater that has been degraded by chemical contamination. For example, vinyl
chloride (VC), a known human carcinogen, is a pervasive groundwater contaminant that can enter
groundwater via poor handling and disposal practices at polyvinyl chloride gtiodu facilities.
However, VC is more often formed in groundwater from incomplete reductive dechlorination of other
common groundwater contaminants such as the more highly chlorinated ethenes and ethanes. We are
studying situations where VC has formed an@naerobic conditions and migrated, along with some
ethene, to a zone where oxygen is also present. Under this scenario, aerobic, -eibsnmelating
bacteria (i.e. etheneotrophs) could either cometabolize the VC in the presence of ethene or possibly
adapt to VC as a growth substrate.

Our research aims to better understand the presence, abundance, and functionality of etheneotrophs in
VCcontaminated groundwater. The main goal is to develop methods that provide rapid, useful
information about etheneotophs for site managers tasked with remediating the dissolved VC plume.
Culturebased microcosm tests and sequantitative genetic assays are currently available, but take
about 60 and 14 days, respectively, to yield useful information. We have recenslgriliked a
guantitative, realtime PCR (qPCR) method which can yield data within 3 days. We are now working to
extend this technique in a way that reveals metabolic functionality of etheneotrophs in groundwater.
This involves extracting RNA from groundwasamples and applying reversmnscriptase gPCR (RT
gPCR). This allows us to estimate the abundance of both functional genes and mRNA transcripts
associated with etheneotroph® groundwater. This method targets the functional gere#sG which
encodes the alkene monooxygenase (AkMO) alpha subunit ashE which encodes the
epoxyalkane:coenzyme M transferase (EaCoMT). These functional genes are known to be involved in
both the aerobic VC and ethene biodegradation pathways. AKMO converts VC and ethepexide
intermediates, while EaCoMT transforms these epoxides into compounds that can enter central
metabolic pathways.

Groundwater samples from several X¢@nhtaminated sites were collected with Sterivex filters, preserved

with RNAlater as appropriatshipped on ice, and storedig nx / Ay (GKS 106 LINA2NJ (2
RNA) extraction was performed with the protocol of MOBIO PowerWater DNA (or RNA) Isolation Kit.
Luciferase mRNA (or DNA) was incorporated immediately after the cell lysis spgpvide internal

controls for mRNAor DNA loss during mRNA (or DNA) isolation steps. Previously described degenerate
gPCR primers were used along with ABI Power SYBR green Master Mix Kit. Standards were constructed
with purified PCR products etnC(Mycobacteriumstrain JS617ktnE(Nocardioidesstrain JS614), and

luciferase gene (cDNA from luciferase mMRNA). The gPCR experiments were conducted with an ABI7000
Sequence Detection System.

Analysis of gPCR data, corrected with internal controls, revez#dd etnCand 6x10 etnEgenes per

liter (L) of groundwater. In contrast, there were 1X#Cand 1x16 etnEtranscripts present per L of
groundwater. This corresponded to DNA and RNA recovery efficiencies of 87% and 7%, respectively.
Normalizing gene expression to gene abundance showed that there weretd®and 0.2 etnE
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transcripts per gene, which suggedtsat etheneotrophic gene expression was relatively low in this
sample. Future work is focused on better understanding our transcript per gene measurements in the
context of metabolic activity.

Overall, this novel RGPCR method shows promise for quantifying the abundancetr€ and etnE
transcripts in groundwater and therefore represents an approach for demonstrating metabolic
functionality of etheneotrophs and V&ssimilators therein. In theufure, the study for increase of RNA
recovery efficiency should be performed. For better understanding of metabolic functionality, number
of transcripts per gene in microbial growth phases with pure culture should be performed.
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ELECTRODIALYSIS DBENON POWERED BY MICR&RB-UEL CELLS

Younggy Kim, Bruce E. Logan*
Department of Civil and Environmental Engineering, The Pennsylvania State University,
University Park, USA
*Phone: +1 814 863 7908, fax: +1 841 863 730%ad: blogan@psu.edu

A microbial @salination cell (MDC) is a new bioelectrochemical technology that can be used to
desalinate water while simultaneously treating wastewater. In an MDC exoelectrogenic microorganisms
at the anode, coupled with the oxygen reduction at the cathode, genegtagric potential energy that

is used to separate ions from salty water held between twoamphange membranes. In a microbial
electrodialysis cell (MEDC), hydrogen gas is produced at the cathode but voltage must be applied to
drive desalination (althougthe electrical power can be derived from the produced hydrogen gas). In
previous studies, desalination in an MDC or MEDC relies on the ionic transport from salty water to less
salty wastewater and catholyte solution. Thus, substantial volumes of wastewatd catholyte
solutions were required to improve salinity removal. For instance, to achieve greater than 90% salt
removal of 1 mL seawater, more than 60 mL of wastewater and a clean catholyte solution were used in
a previous design. The performance bése systems can be improved by minimizing the volumes of the
desalination cell and incorporating multiple desalination cells in a MDC.

The ionic separation in microbial desalination is driven by relatively small potential energy (~800 mV
under open circit conditions) provided by the microbes and oxygen reduction. Due to this small
potential energy, the performance of the MDC is very sensitive to losses in potential due to Ohmic
resistance, junction potentials, and ovpotentials. Ohmic resistance occudge to the system internal
resistance, which can be minimized through improved designs (e.g., reduced cell width). The junction
potential is created by the salinity difference across an-@éwohange membrane, and therefore it
increases as the salinity tifences increase between the diluate and concentrate célierpotential

is the voltage loss needed to drive the electrode reactions. In addition to potential losses, relatively slow
ionic separation makes a MDC vulnerable to other limiting factors) aadhe osmotic water transport

or permselectivity of iorexchange membranes. The pesulectivity quantifies the ideality of ien
exchange membranes, and a value of unity for a catierthange membrane indicates that 100% of the
charge transfer throughhte membrane was carried by cations.

In this study, a new type of MDC was built to increase the desalination recovery without the need for an
external voltage supply. The objectives were (1) to develop an MDC that used a multigleires|
electrodialyss stack to improve the desalination recovery, and (2) to quantify the effects of the limiting
factors, such as the Ohmic resistance, junction potential, -pe¢ential, osmosis, and membrane perm
selectivity on performance.

Methods. A MDC was built witan electrodialysis stack of 5 cell pairs as shown in Figure 1. One cell pair
consists of one diluate and one concentrate cells, which are shown as the white and shaded cells in the
figure, respectively. The electrodialysis stack was sandwiched with -amiod cationexchange
membranes (Asahi Glass, Japan). The imembrane distance (or cell width) was 1.3 mm, and the
crosssectional area of the cell was 8 &nSynthetic seawater (35 g/L or 600 mM NaCl) was continuously
pumped into the electrodialysis sta@t 0.1 mL/min, and the corresponding mean hydraulic residence
time was about 50 minutes for each MDC. The cathode and anode chambers were operated as batch
reactors. For each batch cycle (~24 hours), 18 mL of the synthetic seawater was provided thdte ca
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chamber, and the anode chamber was filled with 30 mL of synthetic wastewater (1.0 g/L sodium acetate
in 100 mM phosphate buffer solution). With 4 MDCs, a continuous flow desalination system was built as
shown in Figure 2. The diluate solution flowsaugh MDEL, -2, -3, and-4 before its effluent is
collected in a reservoir, while the concentrate solution was pumped from-¥IB& -2, and-1.

CEMs Air

3 ®
o €
o w
('Dj

AEMs
Figure 1. MDC with 5 ceflair ; \
electrodialysis stack. Figure 2. Continuous flow system with 4 MDCs in series.

A

Results and discussioffhe electrogenic activity during a fed batch cycle lasted for ~12 hours at stable
currents between 3 to 5 mA. The diluate and concentrate effluents were collected over that time period
(except for the first 2 hours to eject the residual solution from the previous cycle). The diluate effluent
showed 44% reduction in conductivity (from 56 to 31 mS/cm), while the conductivity of the concentrate
solution increased from 56 to 71 mS/cm. Thwdlected volume of the diluate and concentrate effluents
was 60 and 78 mL, respectively. This difference in the effluent volume, due to osmotic and
electroosmotic water transport, would result in decreased performance.

The current efficiency, defined abé rate of the ionic separation divided by the observed electric
current, was 86%. This indicates the pespiectivity of the iorexchange membranes ranged from 80 to

90 %. Based on the solution conductivity and membrane resistivity, the Ohmic potessalnldhe
electrodialysis stack was found to be relatively insignificant (25 to 30 mV at 4 mA), while that in the
anode and cathode chambers was ~100 mV. The magnitude of thepotemtial was approximately

150 and 200 mV for the anodic and cathodic réatd, respectively. The junction potential loss was
found to increase from 50 to 110 mV along the diluate flow due to the concentration reduction.

These results show that microbial desalination in an MDC could be improved with a multigieicsdl

electrodialysis stack, with the salinity removal ranging from 40% to 50%. To enhance the salinity
removal, onrgoing research is focused on reducing the effects of the limiting factors on performance.
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BENEFICIAL ROLE OF HOMOACETOGENSROBIAELECTROCHEMICAL AND
DECHLORINATING SYSTEMS

R KrajmalnikBrowrt#*, P. Parameswarah M. ZivEl', A. Delgadd, RU. Haldert, CI. Torres, and
B. E Rittmanrt.
! Center for Environmental Biotechnology at Biodesign Institute, Arizona State University,
Tempe, USA
*Center for Environmental Biotechnology, Biodesign Institute, Arizona State University, P.O.
Box 875701 Tempe, AZ 8528701, U.S.A., (phone}4B0-727-7574, (fax) 1480-727-0889,
Dr.Rosy@asu.edu

Organic wastes from agriculture, industrial wastewater treatment, and other feedstock can provide
renewable sources for energy conversion or bioremediation via properly managed hydrolysis,
fermentation, and respirgon processes. The outputs of fermentation are organic acids, alcohols, and
H, or methane (Clhj. In any process where fermentation is necessary to break down a complex
substrate for its further use in environmental processes, the fate,afrid the orgaic acids determines
success or failure. These fermentation products can be used as electron donors for microbial
electrochemical and dechlorinating systems; however, acetate andahl also be converted to GH
which becomes a sink of electrons. Theaogdhcy of routing electrons to the ideal destination is usually
determined by syntrophic interactions among the different microorganisms present in the system. If we
want to exploit organic wastes as sources of carbon and electrons for bioenergy andiatore
understanding the microbial ecology and, specifically, the syntrophic relationships that develop is critical
for the success.

In the energy realm, Microbial Electrochemical Cells (MXCs) are promising technologies that produce
electricity or H at the same time as organic wastes are treated and pollution is reduced. Anode
respiring bacteria (ARB) transfer electrons to a solid anode, and electrical current is produced as the
electrons flow to a cathode. Substrates other than acetate carEl not consumed directly by ARB, and

this result in low electron recovery. Higher electron recoveries are possible whenytheattnging
mechanism is shifted from methanogenesis to acetogenesis.

In dechlorinating systemd$)ehalococcoideare the ony identified microorganisms able to completely
dechlorinate perchloroethene (PCE) and trichloroethene (TCE) to harmless ethene. Their electron
acceptors are halogenated compounds, their electron donor Jstheir carbon source is acetate.
Dehalococcoideare obligate anaerobes, grow optimally at a neautral pH, and require corronoids
(usually in the form of vitamin ;B as essential cofactors for the enzymes in charge of the
dechlorination, i.e., reductive dehalogenases (RDases). In reductive deatitor, acetogens can be,H
competitors, but also producers of acetatep, Hand corrinoids. The first activity is negative for
dehalogenation, while the last three are positive. Proper management of these communities means
gaining the positive withoutnicurring the negative. Lack of a deep understanding of the interactions
between dechlorinators, fermenters, and the acetogens limits our ability to maximize electron and
carbon flow to reductive dechlorination. We can improve dechlorination rates whempneeide the
optimal amount of electrons and nutrients to fermenters and/or acetogens, who contribute essential
nutrients and growth factors t@ehalococcoideand select against members who divert electrons to
other processes without providing benefit techlorinators.
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Up to now, our research has focused mostly on the n&dationships among microbial ecology of the
ARB biofilm on the anode and MXC performance and interactions among homoacetogens and
dechlorinators. To achieve this, we employ molacuklectrochemical, and microscopy methods to
understand the processes occurring. We focus on understanding the interactions between ARB or
dechlorinators (in two separate systems) and the other microbial communities during the consumption
of fermentablesubstrates.

With MXCs we have shown that a significant fraction of the electrons removed from the organic fuel can
be diverted away by the generation of methane gas. We found thaixidizing methanogens are
responsible for this diversion and that edate-oxidizing ARB can oubmpete acetateutilizing
methanogens. Current production increased in parallel with methane generation, indicating syntrophic
interactions between ARB and methanogens, and fermenters outcompete ARB that can directly
consume fementable substrates. Suppressing-t¢xidizing methanogens and encouraging acetogens
(which convert H+ CQ to acetate) increased the electrezapture efficiency from 60% to 84%. Our
research also allowed us to understand the microbial community strucitite biofilm anode and to
correlate it with electron distribution, which enabled us to reveal the significance, s€&l’/engers. We

have also tested the potential of acetogens establishing in the anode biofilm and suspension when CO
and H were provida instead of a fermentable substrate. We proved that acetogens make effective
positive syntrophic interactions in MXC anodes for efficient consumption,db kbroduce electrical
current, leading to current densities of ~10 A?/,momparable to acetatéed biofilms.

C2NJ NBRdAzOGA DS RSOKE2NAYlI GA2yS ¢S KI @S RS@St 2LISR
novel, TCEeducing, sedimenfree, stable consortium enriched from estuarine sediments. We have
maintained DehaloR"2 for over a year withst reductive dechlorination rates. This culture contains,
besides dechlorinatorsa high proportion ofAcetobacterium.The loss of reducing equivalents to
methanogenesis and acetogenesis in this culture depends again on the use of fermentable substrates
serving as electron donors and carbon sources. Complete dechlorination to ethene in cultures amended
with lactate + methanol is not affected by adding different concentrations of Vitamin B12 a required
cofactor sometime provided to dechlorinators by angens. On the other hand, cultures amended with
acetate + Hdechlorinate at slower rates, are more affected in a positive way by the addition of Vitamin
B12, and show substantial methane production. Elecftow analysis of lactate and methanol
amendedDehaloR"2 indicated that production of volatile fatty acids (VFAs) accounted for ~80% of the
electron consumption, biomass for ~19%, and only 1% channeled to reductive dechlorination. Clone
libraries revealed thabehalococcoideand Geobacteare the man dechlorinators, and\cetobacterium

are the main identified acetogens in the culturdJsing qPCR, we monitored the dominant microbial
groups during conversion of TCE to ethene. We tracked growfctetobacterium with the acetogen
specificformyltetrahydrofolate synthetaseHTHFS) gene, whose copy numbers increased until the VFAs
stabilized. Due to its exceptionally fast reductive dechlorination rates, coupled with the presence of
homoaceteogens and methanogens, DehaloR”2 is a great niodgldy microbial interactions which
enhance or hinder dechlorination.

Acetogens act as efficient,Hcavengers that channel the; ldlectrons to current or dechlorination
through acetate, as long as they are not -@aimpeted by methanogens. We are nomvéstigating
practical ways to stimulate the desired acetogens while suppressing methanogens in MXC anodes and
dechlorinating systems.
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MECHANISTIC AND AHH)L. STUDIES OF MI@&R&. DEGRADATION OF-
ESTRADIOL

Z. Liand X. L
!Department of CiviEngineering, University of Nebraska, Lincoln, NE
*corresponding author, 900 N. 16th St., W181 Nebraska Hall, Lincoln, NE@G&5BS
Phone: (402) 478042; Fax: (402) 472934, Email: xli4@unl.edu

Natural estrogens have been detected in wastewater treatmplant effluents and drinking water
a2dzNOSa ¢ 2 Nebtigdioh (R, @ natumaltestrogen with high estrogenic potency, is reportedly
capable of affecting the function of the endocrine system at low ng/L levels. Due to its potential adverse
heathST¥FSOGasz 9nH ¢l a NBOSydGte |RRSR (G2 GKS | o{od 9t !
3). There is a need to develop effective treatment processes to remove E2 and its common degradation
products, such as estrone (E1), from drinking watere gdal of this study is to investigate the feasibility

of removing these estrogens using a fixaed biologically active carbon (BAC) reactor and to investigate

the molecular mechanisms governing microbial E2 degradation.

A labscale fixeebed activatedcarbon reactor was constructed with a total volume of ~70G.ciihe

reactor consisted of 240 chintact Calgon F400 granular activated carbon (GAC), and was fed with
A8YUKSGAO RNAYIAY3I 6FGSNI O2y il AYyAy3 umoext@ma 9HOD
carbon sources in the influent the reactor was able to bring down effluent E2 concentration to 200 ng/L.

On Day 178, 3 mg/L NN was added to the reactor influent to stimulate the growth of ammonia
oxidizing bacteria, which were reported teemove estrogens in wastewater treatment. Upon
ammonium addition, after a transient accumulation of E1, the BAC reactor was able to lower both
effluent E1 and E2 concentrations to below their detection limits (Figure 1). To better simulate of the
compostion of a typical surface water, ammonium was replaced by nitrate and acetic acid was added to

the synthetic influent on Day 240. With acetic acid and nitrate as the respective carbon and nitrogen
sources, the BAC reactor was able to completely removevEi®e a detectable amount of E1 remained

in the effluent. Overall, the microbial activities involved in the BAC operation provided an effective
barrier against E2 in drinking water treatment. To better understand the microbial community dynamics

in the BAC reactor under various operating conditions, we are currently constructing 16S rRNA gene
targeted clone libraries using the 454 pyrosequencing technique.

To investigate the molecular mechanisms governing microbial estrogen degradation, a shotgun
proteomics approach was developed to identify key metabolism responseSteriotrophomonas
maltophilia, an estrogen degrading bacterial species isolated from activated sludge, during E2
degradation. The quantitative proteomic study was carried out on-a EZ-MS/MS followed by
database analyses usir®y maltophiliaR551 genome in the MASCOT software. Results showed that
after 4-hr E2 degradation, a number of anabolism and catabolism pathwe§snraltophiliavere highly
impacted (Table 1). Moreover, homg® of five enzymes responsible for testosterone degradation in
Comamonas testosterofiiAd41 was also identified with three of them-tggulated by >2 folds (Table

2). Our results revealed the effects of E2 treatmentSrmaltophiliametabolisms and suggted an
overlap between the microbial degradation pathways between testosterone and estradiol. Currently, a
kinetic experiment is being conducted to reveal protein expression profil& ofaltophiliaat different

E2 biodegradation stages.
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Figure 1. Improved E2 and E1 removal of the BAC reactor upgradittion.

Table 1. Differential expression of proteins related to ammonia assimilation, fatty acid synthesis,
glycolysis, and citric acid cycleSnmaltophiliaafter a 4hr E2treatment.

Fold change after E2 Protein

Protein name GeneBank accession No.

treatment description

NADglutamate dehydrogenase 0i|194349182 4.1 Ammonia
Glutamine synthetase, type | 0i|194346691 1.2 assimilation
Glutamateputrescine ligase 0i|194347922 1.6
AcetylCoA carboxylase,_ carboxyl 0194349417 50
transferase, beta subunit .
3-oxoacyd(acytcarrierprotein) Fatty acid

0i|194347454 60.0 synthesis
reductase
Phosphoenolpyruvate carboxylase gi|194347210 0.3
Phosphoglycerate kinase 0i|194349792 4.4
Phosphopyruvate hydratase 0i|194348034 6.4 Glycolysis
Phosphofructokinase 0i]194349879 0.1
Citrate synthase 0i|194349829 0.5
Aconitate hydratase 2 0i|194348420 0.4
SuccinylCoA synthetase, alpha 194349739 46 Citric acid cycle
subunit
SuccmyCOA synthetase, beta 0i|194349740 16
subunit

Table 2. Protein homologs of testosterone degrading enzymeS. maltophilia after a 4hr E2
degradation.

No. of predicted . . Fold change
) Testosterone degrading gene GeneBank accession No. after E2
homolog
exposure
1 TesA 0i|29603466 4
2 TesBMeta-cleavage enzyme) 0i|10566463 0.7
3 TesF 0i|29603469 7
4 TesG 0i|29603470 2
5 TesH3-ketosteroiddeltal-dehydrogenase) gi|33562983 4
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INFLUENCE OF SOLWICHEMISTRY GMORIZONTAL GENE TRARROF
ADSORBED DNA INADOTOBACTER VINELANDI

N. Lut, J L. Zille§ T. H. Nguyeh
!Department of Civil and Environmental Engineering, University of lllinois at Urbana
ChampaignUrbanag lllinois
*Corresponding authed161Newmark 205 N. Mathews AveUrbana, IL 618Q217-8191077
Email:nanxilv2@illinois.edu

Horizontal gene transfer affects both the capabilities of microbial communities and their rates of
adaptation to new conditions. From an engineering perspective, in the soil environment, ttatigene
transfer is important for the dissemination of pathogenicity and antimicrobial resistance and for the
development and dissemination of biological pathways for degradation of anthropogenic chemieals.
focus here on one mechanism of horizontal getransfer, natural transformation, which involves
extracellular DNA

In the soil, DNA is released by dead cells or actively excretadity brganismgl). Extracellular DNA
adsorbs tomany common soil constituents, including sand, clay, and natural organic nfisitDav) (2,

3), and once adsorbed may persist for dagsyears(3). The adsorbed DNA provides a reservoir of
genetic potential, and this reservoir can be acmbsthrough the process of natural transformation, in
which DNA is taken up, maintained, expressed and amplified in a new host microorganism and its
offspring. Environmental factorghat regulate DNA adsorption andatural transformationin the soll

need D be identified and their effects characterized

The work we are presenting here employed interdisciplinary techniques to monitor the transport and
fate of extracellular DNA in model soil environments. The adsorption of extracellular DNA onto silica or
natural organic mattercoated silica bead surfaces under different solution chemistry was monitored by
guartz crystal microbalance with dissipation (QOM The QCND data suggest that DNA adsorbed to
silica surfaces has a more compact and rigid conformati€®é" solutions than in Nasolution, and that

the reverse is true when DNA is adsorbed to NOM surfaces. While the amount of DNA adsorbed on a
silica surface was similar for Cand N4 solutions, the amount of DNA adsorbed on N@bhted
surface was higher in €aolution than in Nasolution (4).

Since NOM is ubiquitous in the soil environment,

= 4 ~@- chromosomal DNA the effects of dissolved sall or aguatic NQM were
£ .- _g:gzm Sggiss Soil NOM | also tested. Our model .son NOM hasgher _

§ _ carboxylate group density than the aquatic
% 2L Suwannee River NOM (SRNOM). Silica beads with
§ I adsorbed DNA became more negatively charged
c 1k after additional adsorption of dissolved NOIHAor

%_ I adsorption studies of NOM on DNA in solutions
5 of containing either ImM C&"* or M¢®*, we observed

b, 5 00 =00 a positive correlation between the adsorption rates

_ _ of dissolved NOM on adsorbed DNA and the
Carboxylate Group Density (mequiv/g) carboxylate group density of the NOM (Figure 1).
Figure 1Adsorptionrate (Hz/min) of dissolved NON Increased total organic concentration (TOC) of the

onto adsorbed DNA layers. NOM carboxyl group| NOM solutions also led to an in@se in the
densityat pH 7.2
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adsorption rates of NOM on DNA. The correlation between NOM adsorption rates and carboxylate
group density on DNA layers can be explained by divalent cation complexation with NOM carboxylate
groups and DNA phosphate backbondsis hypothesis icurrently being tested using Fourier
transformation infrared spectroscopy (FTIR).

The availability of adsorbed DNA to transform microorganisms was assessed under different chemical
conditions though natural transformation assays using the soil bacteAaptobacter vinelandiiOur

results show adsorbed DNA is transformed at a similequency to dissolved DNA (Figure 2). The
conditions we tested, including salt composition and dissolved NOM, did not strongly influence the
natural transformation ofA. vinelandii Transformation frequencies for dissolved DNA and DNA
adsorbed to silica antb NOM were 6x18, 5x10°,

and 2.5x10, respectively. An effect of salt

» 107 g

2 -::ggs;gggg conA composition was observed for NOM coated surfaces;

S 4 - Dissolved pDB17 transformation  frequencies  from  individual

S —ll- Dissolved pDB17(Repeat) . . .

o 10°} —ll- Dissolved pDB17(Repeat) experiments were 50 fold higher in the presence of

I —u C&"than in the presence of NaThis was not due to

5 ] = “l:l 3 the amount of DNA, which was controlled in these

T 10°F /=/ " 1 experiments, but could be due to the higher density

g i T \- ] of adsorbed DNA on NO&¥bated surfaces in the

G a presence of G4 The presence of dissolved NOM did
-7 N N N N . . .

lf_g 10 0  10SR 6Soil 100SR - not strongly influence transformatioof dissolved or

adsorbed chromosomal DNA or of dissolved plasmid
Dissolved NOM Conc. (mg/L) DNA (Figure 2).

Figure 2 Nturaltransformationfrequenciesof A. | These results suggest thatlsorbed DNA in the soil is
vinelandiiwith chromosomal or plasmid DNA | ayailable for natural transformation, regardless of

the presence of dissolved SRNOMsoil NOM. salt composition or dissolved NOM in
environmentally  relevant  conditions.  These
conditions are therefore not considered critical elements in modeling the transformation ofiBtNA
bacteria in the soil environment. Biological properties influencing natural transformation, such as
competence development and cell motility, should be assessed. Extracellular DNA could influence the
composition and the capabilities of the soil micralcommunity through natural transformation.

Reference

1. Paget, E.; Simonet, P., On the track of natural transformation inFswils Microbiology Ecology
1994,15, (32), 109117.

2. LevyBooth, D. J.; Campbell, R. G.; Gulden, R. H.; Hart, M. M.; Powell, J. R.; Klironomos, J. N.;

Pauls, K. P.; Swanton, C. J.; Trevors, J. T.; Dunfield, K. E., Cycling of extracellular DNA in the soil
environment.Soil Biology & Biochemist?907,39, (13, 29772991.

3. Pietramellara, G.; Ascher, J.; Borgogni, F.; Ceccherini, M. T.; Guerri, G.; Nannipieri, P.,
Extracellular DNA in soil and sediment: Fate and ecological relevBiote-ertil. Soil2009,45, (3), 219
235.

4, Lu, N.; Zilles, J. L.; Nguyd@n H., Adsorption of extracellular chromosomal DNA and its effects on
natural transformation of azotobacter vinelandppl. Environ. Microbio2010 AEM.00193L0.

71 2011 AEEP Education & Research Conferendaiversity of South Florida



Advances that Deal with Water Depletion and Degradation

NOVEL MEMBRANE DBE$IIOR FORWARD OSM&®SENABLING A
SUSTAINABLE WATEREARMENT ATERNATIVE

J. McCutcheor™ J. Areni N. Bui
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*191 Auditorium Dr. Unit 3222, Storrs, CT 06269
Phone: (860) 484601 Fax: (860) 48059 Email: jeff@engr.uconn.edu

Freshwater resources are critical to public health and economic prosperity. Modernization and
international development are placing new levels of pressure on world water resources, while climate
change alters the distribution of water resources in unpctatile ways. Supplying water to new markets
and billions of additional people will necessitate tapping unconventional and impaired water sources,
including wastewater, brackish groundwater, and seawater. Distillation and advanced membrane
technologies (e. reverse osmosis, RO) currently available for impaired source treatment require
significant quantities of high value energy (electricity and/or high quality steam) produced from carbon
emitting technologies. Ironically, these conventional power soufiescoal, oil, and natural gas) emit
greenhouse gases that further exacerbate the aridity that desalination is intended to alleviate. In
addition, membraneébased water treatment processes generate an environmentally harmful brine
waste stream that effectiely limits its use to coastal regions where discharge to the ocean is an option.
Both energy use and brine management constitute a substantial portion otdata¢ water costof
desalinated water. Economically viable desalination alternatives that al®pareutral and ecosystem
compatible are critical for realizing large scale water production without dramatically increasing the cost
of potable water

Forward osmosiis emerging as a sustainable desalination alternative to RO and distillation. Fmelies

an osmoticallydrivenwater flux across a serpermeable salt rejecting membrane. This osmotic driving
force is generated by an osmotic agent, referred to as a draw solution, which consists of a thermolytic
salt which can baemoved and reusedsing oty low-grade thermal energy. Our previous efforts
identified the combination of ammonia and carbon dioxide gases in water-Q@) to have a
competitive advantage over other draw solutes due to its capability of generating large osmotic
pressures (uptoBnn LIAAO YR SlFae NBY20lf yR NBEOeOfAy3
These efforts also concluded, however, that polymeric membranes designed for RO perform poorly in
FO processes. Thesen film compositg TFC) membranes consist of antlselective layer and a series

of porous support layers which provide mechanical integrity to the fragile selective film during handling
and high pressure operation. During osmosis, these layers contribute to severe mass transfer resistance,
referred to & internal concentration polarization, which results in poor water flux performance. The
viability of FO hinges upon the development of-$f§@cific membranes with reduced resistance,
increased water flux and superior selectivity.

Our work at the Universjt of Connecticut is a two pronged effort to produce a next generation
membrane specifically tailored for operation in forward osmosis. Both of these efforts involve
modification or restructuring of a TFC membrasigpport layer.The first project involveshe use of
commercial TFC RO membranes. Previous investigations have identified that the hydrophobic nature of
the support layer in these membranes prevents wetting and thus dramatically reduces osmotic flow.
Our lab has employed a novel bioinspired polympolydopamine, to modify two TFC membrane
support layersto increase their hydrophilicity. This resulted in increased hydrophilicity and a

A 4 L oA

dz

O2NNBALRYRAY3I AYONBFaAaS Ay WgSGUSR LBRNRarAGeQ yR
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modified membrane were then characterized for contact angle, salt rejection, hydraulic permeance,
salt flux, and osmotic flux. The results were promising, indicating that the modified reverse osmosis
membranes exhibited aright to twelve fold increase in fluyerformanceunder test conditions when
compared to an unmodified membrane. This maodification method, which is scaleable, has the potential
to enable the use of existing thin film composite membranes for forward osmaosis and thus capitalize on
thirty years of membranedevelopment which have produced desalting membranes of superior
permselectivity.

However, even with the enhanced performance of these existing desalination membranes through
enhanced chemistry, there will be a limit of performance improvement withosb addressing the
structure, specifically porosity and tortuosity. Therefore, our lab has also designed and fabricated a
radically new TFC membrane structure consisting of electrospun nanofibers used as a novel support.
These nanofiber fabrics, spun fronolpsulfone and polyethersulfone, have exceptional porosity and
minimal tortuosity, dramatically improving mass transport in support layer. A polyamide layer is formed
on the nanofibers in-situ from reacting mphenylenediamine (MPD) monomer and 1;3,5
benzenetricarbonyl trichloride (TMC). Tests in a direct osmosis system yielded exciting vagults,
fluxes near 90 liters/m.hr (the highest flux reported for FO at the time of this writing)te figure

below shows scanning electron micrograph images of our new membrane (bottom) along with the only
commercial forward osmosis membrane (CA from Hydration Technologies Innovations). These images
show the significant differences in membrane structwfeour membranes, which exhibit exceptional
porosity (as high as 80% in the support layer) and low tortuosity relative to this commercial membrane.

In all, these investigations have yielded very promising results. These unique approaches to membrane
modification and fabrication will continue to develop and result in a next generation forward osmosis
membrane. These efforts, in combination with efforts from a growing number of academic and
industrial groups, will help enable forward osmosis as an emergiegnbrane desalination and
wastewater treatment technology.

Skin layer
(Thickness ~10um)

CA embedded in
~100pm support

SEM sample
holder

Polyamide Coating
(Thickness ~0.1um)

Electrospun PES support
(Thickness ~50um)
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EMERGING CONTAMINANAS UNCOUPLERS WABROBIC DIGESTIONE
POSSIBLE AUGMENTAN IKIND DISRUPTION METHANOGENESIS BY
NONYLPHENOL AND TRIGAN

P. McNamara*, P. Novak
University of Minesota Department of Civil Engineering, Minneapolis, USA
*500 Pillsbury Ave. SE, Minneapolis MN, 55455;3490841, fax number,
mcnaml131l@umn.edu

Anaerobic digestion is a critical wastewater residuals stabilization process that has been used worldwide
for over a century. This process relies upon the syntrophic relationship between fermenting bacteria and
methanogens. While the process is beneficial, producing biogas, it is susceptible to foaming and upsets
that can be costly. Emerging contaminants pasgotential threat to digesters, as their concentrations

can be quite high in biosolids and several of these contaminants have biological impacts. Indeed, it has
been estimated that over 250 tons of emerging contaminants are discharged to soils withidsosol
every year. Two commonly detected contaminants in digester biosolids are nonylphenol and triclosan;
nonlyphenol is present at levels over 100 mg/kg (~10 uM) in digested biosolids while triclosan is present
at concentrations over 10 mg/kg (~1 uM). Ngutyknol and triclosan are of special interest because of
their potential role as uncouplers in microorganisms.

Uncouplers have the ability to dissipate the proton motive force, resulting in higher rates of metabolism
GKIFG 3ISYSNIXaGS tSaa SySNHe G2 TFdiSf OA2a8YyUGKSAAAZ
formation with less biomass generation. It is likéhat those microorganisms that make a marginal
living, obtaining little ATP per mole of substrate degraded, could die if exposed to chemical uncouplers.
Microorganisms that are likely to fall into this category include methanogens, which serve as ttaf base
the anaerobic food web in digesters. Uncoupling of this sort may result in more methane production and
seemingly better digester performance; nevertheless, it could also leave the community simpler, less
resilient, and more susceptible to upset in tfece of secondary perturbations (such as temperature,
pH, and nutrient fluctuations). The objectives of this research are to determine i) if nonylphenol and
triclosan act as uncouplers of methanogens at environmentalgvant levels and ii) if these
compounds make anaerobic digesters less resilient to secondary perturbations, and thus more
susceptible to system failures.

Experiments include both pure culture and mixed culture work. Pure culturBketifanosarcina barkeri

and Methanosarcina thermophilare being cultivated to test the impacts of triclosan and nonylphenol
on cell growth and respiration; 2dinitrophenol will be used as a positive control. These experiments
are important for understanding the direct role that these compounds have on metpamsg a key
microbial group for successful anaerobic digestion. Completion of pure culture work is anticipated by
March, 2011.

Three 4L anaerobic digesters are being operated in parallel to determine the-temng impacts of
nonylphenol and triclosanrodigester operation. One reactor will be spiked with nonylphenol (100 uM),

one with triclosan (10 uM), and one will serve as a control. The reactors have an HRT of 30 days and are
kept in a 35°C room. Total solids, volatile solids, pH, volatile fattys,atitl gas production and
methane production are continuously monitored. The effect of nonylphenol and triclosan addition will

be assessed by changes in methane production.
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The three labscale anaerobic digesters are also seed reactors for severahdaottle experiments in
which communities will be perturbed (e.g. change in temp, pH) and functional resilience will be
guantified. Preliminary results (Figure 1) indicate that nonylphenol does act as an uncoupler at 5 uM.
However, the impact on resiliendy yet to be determined. These experiments should be completed by
June, 2011.

Methane production relative to control

; N . O

0 1 5 10 50

NP concentration in batch reactors (UM)

Figure 1. The impact of nonylphenol on methane production in anaerobic digester sludge.
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BACTERIAL TRANSPORWVICROFLUDIC DEEBESTUDY OF ENHABDICE
CONTAMINANT MIXG AND CHEMOTAXIS
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mso28@drexel.edu

Understanding bacterial transport through subsurface porouedia is critical both for characterizing
contamination of drinkingvater bodies and designing successful bioremediation strategies for
contaminated sites. There has been much effort devoted to studying bacterial and colloidal transport in
porous media; reently, flow cells and mickmodels have been used to visualize colloidal transport in
porous media to simulate bacterial transport. However, additional factors such as bacterial random
motility and chemotaxis (directed migration toward a contaminant seyraffect both contaminant
mixing and overall bacterial transport, and need to be quantified and considered carefully in order to
predict bacterial transport accurately. This study quantifies (1) enhanced contaminant mixing due to
bacterial motility, and Z) the role of chemotaxis in bacterial transport through a igmensional
micromodel with a contaminant source.

A novel bilayer polydimethylsiloxane (PDMS) microfluidic device was fabricated using
photolithography and soft lithography techniques to siate contamination of groundwater

due to leakage from an underground storage tank. This device consists of a porous channel
through which a bacterial suspension is flown and another channel for injecting contaminant
into the porous channel. The device fdates visualization of both bacteria and a chemical
tracer flowing through porous media and is therefore useful in determining their mutual spatial
distribution in porous media.

Distance
Contaminant Mixing: from the Concentration profile with t ic of microfluidic device C ation profile without
injection bacteria bacteria

Enhanced contaminant mixing point
due to the presence of motile
bacteria was assessed b s
comparing the transverse
dispersion coefficientl,) of a

non-reactive conservative tracer AL
(Dextran stution labeled with

fluorescein isothiocyanate, FITC
in porous media in the presence mn
of motile Escherichia coHCB33
(wild type) bacteria, immobilized
bacteria, and with no bacteria. A 30 mm
contaminant plume was
established along the centerline
of the microflidic device while 20 mm
bacterial suspensions rar
through the micromodel, as
seen in Figure 1. Experiments Figure 1: Contaminantplume formation in the micrdluidic

device with(left side) and without (right side) bacteria.
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were run at three different velocities and 8.5E03
fluorescent images of contaminant concentratio x  Motile Bact:Obs.
profiles were obtained at various cresections

along the micofluidic device. Experimental date -— Motile Bact:
were fitted to an analytical solution to the >°E93 | Model
advectiondispersion equation to determine the {j\'f”

transverse dispersion coefficient values for th 3;

contaminant in the presence of motile bacterig 5 ggg3

non-motile bacteria, and no baeria. Results for
contaminant dispersion values are shown
Figure 2, and correspond to apparent dispersivi =8

values of 0.0075, 0.0046, and 0.0037 for th -5.0E04 0 '
porous medium with motile bacteria, nemotile

bacteria and no  bacteria, respectively. Therjgyre 2: Bestfit dispersion coefficients for

presence of motilée. colisignificantly increases theggntaminant mixing with motile bacteria, ner
effective transverse dispersion of a contaminant. otile bacteria and no bacteria at three flo

0.8 1

ng%ity (mersGec)

Chemotaxis Studies:

The chemotactic response &. coliHCB33 (wild type) toward-dspartic acid was also observed by
imaging bacterial and contaminant flow at three different crssstions downstream of an injection
point in which bacteria and attractardre injected into opposite sides of the micromodel. Temporal

changes in bacterial count profiles at three selected locations were quantified.

Bacterial
suspensio Chemoattractar

A
representative
image inside &
pore-body at

~ [ _Anitial attaractantbacterialintefface
—=a—8 mm from inlet

---8--- 4 mm from inlet

Normalized bacterjal coun

1

Racterial Sidi Attractant Side

Distance from the edge of device from bacterial side (in m

Figure 3:Chemotactic bacterial concentration profiles in a microfludic device in which a chemotactic
bacterial count peak is observed in the plot on the attractant side (right) with a corresponding decrease
in the bacterial count in the bacterial side (left) of the plot. Inset image shows a representative image
taken in the pore body.

Experimental results from this work, as well as educational demonstrations developed with the
micromodel system will be presented.
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BACTERIAL INFILTRAYIAND SURVIVAL IRINKING WATER DISSBTION
SYSTEMS

A.J. Pintd, T.H. Chido C. Xi L. Raskin
'Civil and Environmental Engineering, University of Michigan, Ann Arbor, Michigan, USA
’Environmental Health Sciences, Universitylizhigan, Ann Arbor, Michigan, USA
*1351 Beal Avenue, EWRE Rm 3, Ann ArbeA8d09. Tel: 7346153759,
Email:pintoaj@umich.edu

Drinking water treatment plants rely on multiple approaches to minimize microbial survival, growth, and
re-growth in distritution systems. These approaches include limiting the availability of substrates and
nutrients necessary for microbial growth and disinfection to kill microorganisms and to inhibit re
growth. So far, few studies have used culture independent methods tolagatdne phylogenetic
diversity of bacterial populations in drinking water distribution systems (DWDS) (Hoeffel et al 2005,
Hong et al 2010, Noguera et al 2009, Revetta et al 2010). Although these studies provide information on
which microbial populationsra present in DWDS, there is little information on the effect of seasonal
variabilityand treatment processes on microbial seeding of andn@vth in DWDS. To address this, we
have conducted a yedong sampling campaign of a local drinking water treattmgiant (DWTP) and
distribution system.

Samples were collected from the Ann Arbor DWTP and DWDS (Ann Arbor, MIl, USA). The plant uses a
combination of surface and ground water, with total monthly surface water:ground water flow ratios
varying between 2 (Jaary) to 8 (August). Softening, coagulategdimentation, ozonation, granular
activated carbon (GAC) filtration, and chloramine disinfection are used to treat the source waters.
Samples at the DWTP were collected from source waters, qmd postfiltration, GAC filter bed,
disinfection tank, and final reservoir. In addition, samples were obtained from 13 different monitoring
points along the DWDS. All samples were analyzed for multiple water quality parameters. Water
samples were filtered through 0.2 ppolycarbonate filters to collect biomass, which was used for DNA
extraction. Microbial dynamics were evaluated targeting the 16S rRNA gene using a combination of DNA
sequencing approaches (using both traditional Sanger sequencing arith46d pyrosequenag). Data

were also collected on the water use patterns/water age in the vicinity of the DWDS sampling points and
the frequency of water main breaks to identify potential infiltration events.

Principal component analyses indicated that the treatmertgesses have a significant impact on water
guality with distinct clustering of samples collected at different points in the DWTP and DWDS (Figure 1).
Despite the independent clustering, samples collected from the DWDS exhibited variability, suggesting
the possible effect of water age and use patterns on water quality. Such differences in water quality
within the DWDS could be the result of biological activity and/or microbial proliferation. Trends
implicating biological activityn DWDS include, among ottee accumulation of nitrite, increase in
turbidity, and drop in chloramine residual. 16S rRNA gene based clone library data suggest the
possibility that the DWDS is seeded with bacteria that are sloughed off from the GAC filter and survive
chloramine disifection. Clone library data indicate that approximately 30% of the 16S rRNA gene
sequences retrieved from the DWDre at least 97% identical to sequences obtained from the GAC
filters operated in theDWTP. Most of these sequences obtained for the DWRISGHC filter were also
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identical at the 99% cuff level (Figure 3). These datamseurce + pre-fitration a Postdisinfection W ostiation @ DWos
suggest that, despite chloramine doses as high as 5 m
CI2/l at the end of the treatment process, &
phylogenetically diverse group of bacteria survivfs n
disinfection and make up a significant fraction of thez - ?

bacterial community in the DWDS. In additiorg + .
L
*

1"/}

phylogenetic analyses indicated that the DWDS sampk
exhibited a high diversity of sequences that were nat
detected in either the GAfilter or the source water. The 3
Principal component 1 (46%)

presence of unique sequences may be due to mﬂltratlon

igure 1: Principal component analyses of water
events from the environment surrounding the DWDSy ity data using the physico-chemical
The yeaflong sampling campaign Mireveal the parameters listed in Table 1.

potential for seasordependent seeding of

%W Genus: Hydrophaga different phylogenetic groups of bacteria
— o from the DWTP, the source water, or the
oo —s W Order: Burkholderiales surrounding environment into the DWDS.
* 5 { Genus: Nitrospira Due to the limitations of the clone library
83 — Genus: Methylophilus . .
i 7 * o approach, it is possible that leabundance
' Genus: Denitratisoma sequences were not detected. Therefore, we

47<< Genus: Pseudomonas are using 45dased pyrosequencing to
20 . . .

+— Genus: Roseomonas obtain a much better coverage of microbial
- populations in these samples. Samples are

—* 5, Genus: Porphyrobacter f '
L % — Genus: Sphingopyxis being processed for massively parallel
i Iy ¥ ——— Genus: Sphingomonas sequencing targeting the W25 region of the
s (Jnc.Alphaproteobacteria 16S rRNA gene of bacteria. These results will
% Family: Rhodocylaceae (1) identify the bacterial populations that

Genus: Hyphomicrobi . A .
enus: Fyphomicrobium survive disinfection (2) help elucidate

seeding mechanisms of the DWDS, and (3)
determine the effects of source water use
Figure 3: Phylogenetic tree of 16S rRNA gene sequences patterns on the microbiota inhabiting the
shared between the GAC filter and distribution system DWDS.

samples at 97% identity cut-off. Red stars indicate

sequences with greater than 99% identity between GAC filter

and distribution system samples.

Unc.Rhizobiales

5o\ Genus: Rhodobacter
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TOWARD SUSTAINABLEMWER: MINIMIZING EREY DEMANDS ASSOEIAT
WITH MEMBRANE REMAVAF MICROCONSTINJEANTIBIOTIC REHNCE
GENES

M.V. Prieto Riquelmé* A. Prudeh J.T. NovdkP.J. Vikesland
lvirginia Polytechnic Institute and State University, Blacksburg, USA
*418 Durham Hall, Virginia Tech, (540) Z2B0, (540) 231816, mvpr@vt.edu

Antibiotic resistance genes (ARG) are considered emerging contaminants, as they are associated with a
criticalhuman healthchallenge propagate independently of the host cell, and are becoming amplified in
humanimpacted environmentsARG areoften carried in clusters orplasmds and other transmissible
elements, rather than as single gen@s. microorganisms in naturajuatic environments reach the end

of their life cyclesand lyse, their DNA is released onto the surrounding environmeethaps more
importantly, severalstudies have shown that DNA is stently being expelled from severbhcterial
strains, and that extracellular DNA (eDNA) is an important component of the extracellular polymeric
substances thabind baderial biofilms. ThereforeeDNA an comprisea significant fraction of the total
DNAfound in the environment. The unique properties of ARG thus have important implications for
water treatment, which may provide an ideal barrier against the dissemination of undesired genetic
material.

The oveall goal of this project ito explore the potential of membrane removal of ARG in wastewater
treatment plant effluent, considerate of cost and energy requireme@$ particular interest is the
potential effect of wastewater colloids on membraneneval of ARGas it has been previously shown

that eDNAfrom various sources adsorbs variouscolloidal particles Although a few studies have been
carried outconcerning the beawior and fate of BNA in highly simplified systemthere exists a
signifcant knowledge gap in thieehavior of eDNAn natural systemsSuch fundamental understanding

is critical in optimizing the potential for ARG to be removed from wastewater treatment plant effluent.
This study explorethe effect of membrane filtrationon the removalof colloidassociated ARG from
three wastewater treatment plant effluents. Membranes ranging from 1.2 um pore size to 1 kDa
Y2fSOdzt  NJ 6SAIKEG OdFRE FaHialRP NB © v GBIE siz¥,d100 kDay
MWCO, 10 kBMWCO, and kDaMWCO) are being tested for removal efficiencies of plasmid DNA
carrying two commonly found ARG: the vancomycin resistaveneA gene and the betdactam
resistanceblaremgene. Quantitative polymerase chain reaction (QPCR) analysis is being used to track the
guantities of these genes after each filtration step. In addition, gqPCR of 16S genes serves to estimate the
persistence of preexisting genomic DNA after each filtraitep. The DNA quantification values will be
supported by spectrophotometric analysis.

Several approaches are being employed to describe the colloidal composition of the treated wastewater
effluent, including measurements of total organic carbon, protaird polysaccharide concentrations
after each filtration step, in addition to scanning electron microscopy and atomic force microscopy for
particle visualization and size distribution estimations. Furthermore, the rate of degradation of the
plasmid DNA isracked throughout the experiment in order to correct for background losses during
experimentation.

Preliminary results demonstrate that there is partial plasmid degradation in the wastewater (Figure 1),
but not in the control buffer (Data not shown); hewer, it was also found that the preexisting DNA
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present in the wastewater effluent is largely extracellular and resistant to enzymatic degradation. This
supports previous findings suggesting that adsorbed DNA is more recalcitrant and persistent than its
free counterpart, and suggests that the plasmid DNA is not readily adsorbed to the colloidal particles
when spiked to the wastewater effluent, contrary to what has been shown in simplified systems. It was
also found that eDNA is removed more efficiently whedsorbed to colloids, as revealed by the 16S
rRNA gene quantities (Figurdedt); than when present in a colloid free medium (Figuneght).
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Figure 1.gPCR quantification dilargy vanA and 16S rRNA genes present in DNA extracted from a wastewater
sample after elapsed time (min).
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Figure 2.gPCR quantification diflargy vanA and 16S rRNA genes present in DNA extracted from (left) plasmid
spiked Christiansburg WWTP effluent, and (right) plasspiked tris(hydroxymethyl)aminomethand4Cl pH 8

buffer, after filtration through 0.45 um, 0.1 um, 100 kDa, 10 kDa, and 1 kDa membranes. 16S rRNA data for figure
on right not available.

The results of this study will provide insight into the distribution of eDNA within wastewater effluents,
as well as on th membrane requirements for different levels of ARG remodihough preliminary and
expected findings can provide a good baseline for the application of membrane filtration on the removal
or ARG, an important aspect of the study will be to compare ARG@wval in distinct wastewater
effluents.

The use of membrane filtration as a polishing step in wastewater treatment is gaining momentum; and
its use for the removal of ARGould not only help eliminatehis microconstituent of increasing
concern, but would also aid in the reduction of microbial concentrations in the water, including
pathogenic bacteria and resistance gene carriers, prior to disinfection steps that could potentially select
for antibiotic resistanceOther microconstituents such ggharmaceuticals and nanoparticles could also

be removeceither by direct membrane separation or leplloid interactions similar to that of ARG.
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SIMULTANEOUS WATHRIALINATION, ENERERODUCTION, AND
WASTEWATER TREATMBEWBIOELECTROCHEMIGXSTEMS

Z. Rn*! H. Lud, C. Forrestd) P. X&
'University of Colorado Deny&enver, USA
2 Colorado School of Mines, Golden, USA

*Department of Civil Engineering, Capmus Box 113, Denver, CO 80217
Phone: (303) 556287, Fax (303) 5562378, EmailZhiyong.Ren@ucdenver.edu

Introduction

Water and energy are twaritical issues facing the world. The social and economic developmognt
society depends on a sustainable supply of both water and eneRgcently developed
bioelectrochemical system@ESs)epresent one of the newest approaches for generating clean water
and energy. BES employmicroorganisms to catalyze the oxidizationtddegradable materials the
anode chamber and deliver electrons to the anode. The electrons can be cajturdiolect energy
generation, such ascurrent or hydrogen gasproduction or used to remediate groundwater
contaminants We recently developed an integrated BES system that can simultaneously desalinate salt
water, produce H or electricity, and treat wastwater (1). This system has significant advantages
compared to traditional desalination processes, such as reverse os(Ra3jar electrodialysigED) as it
does not require intensive energy inputs or high water pressure.

Materials and Methods

The BES reactor was divided intbree

chambers by placing an anion exchange @ —
membrane (AEM) beteen the anode and cqg
middle desalination chamber and a cation 4 T | 4
exchange membrane (CEM) between the || ¢ l o |
middle and cathode chamber (Fig. 1). The o
reactors were inoculated from a mixed
culture by transferring the bacterial pre
acclimated anodes of active acetdied
bioelectrochemical cellsThe anodic medium
contained acetate or wastewater and the éi

cathode chamber was filled with 50 mM Anode Cathode
phosphate buffer solution. The middle
chamber was filled with 10 g/L NaCl solution
for desalination The cathode chamber was
designed for either electricity or H | Fg. 1Schematic diagram ohe BESsystemfor
production. To harvest direct current, the| H, production, waste treatment, and
carbon cathode was open to air for oxyger
reduction. To collect fthe cathode chamber was covered to block air diffusion and supplemented by a
small voltage (046.8V) to boost Hevolution.

a

Na

T

AEM CEM

Results and Discussion
Desalination efficiency and hydrogen gas production were characterized in bothbéch and
continuous flowBES. With an applied voltage of 0.8 V, the fiedtch reactor achieved a maximum H
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production rate of 1.5 mim®d | | | | 120
(1.6 mL/h) and a maximum 50

desalination rate of 0.42 mS/cm - 1008
h. More than 98.8% of the 10 £ 40 2
g/L NaCl was removed from the = 80 §
middle chambemwithin 4 batch g 30 1608
cycles. The anode recirculatior § o H2 poductionBach ] &
alleviated pH and high salinity & 20 O H2 poducion-csTR ] 40 8
inhibition on bacterial activity T 0 —e-DesaliatonBatch ] . ®
and further increasedsystem _mDesainatoncstR ] 2° &
current density from 87.2 to 140 i A 1,
A/m3, leading to an improved 0O 10 20 30 40 50 60 70 80 90 100 110
desalination rate by 80% and:H Time (h)

production by 30% (Fig. 2). The | Fig2. Accumulated fproduction and desalination efficiency in
energy efficiency obtained in the BESluring batch and continuous operation with an applied
H, producing MECs varied in a voltage of 0.8 V. (Arrows indicate electrolytes replaceméf).)
range of 170 % - 181 %,
suggesting that sufficient H
couldbe produced to power the system with extra energy output for additional uses. Compared to slight
changes in desalination, ,Hbroduction was more significantly affected by the applied voltage and
cathode buffer capacity, suggesting cathode reactions Mikedy affected by the external power supply

in addition to theanode microbial activity.

Wastewater has been used as substrates for energy production in BESs, but the low salinity and
alkalinity in wastewater limited power output as compared to refined substrate with high buffer
capacity. We characterized the benefits of integrating desabmnaitd wastewater treatment in BESs and
found the ion transferred from the saline water increased the wastewater conductivity from ~2 mS/cm
to ~6 mS/cm and increased maximum power density by 168% (2).

The integration of desalinatiorenergyproduction, am wastevater treatment in one reactor provides

new applications fobioelectrochemical system8ut as a new multifunctional process, BBESesearch

is facing many challenges that remain to be solved, such as pH variation in the anode and cathode
chambes, increased ohmic resistance, and stack system development. In practid@E8an be used

as pretreatment of downstream RO processing to reduce energy consumption and membrane fouling,
or being directly applied for direct beneficial uses such as dgrali irrigation or groundwater
recharge, where higher salt limits are allowed (TDSZTID mg/L).
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ROLE OF NATURAL ORGAMATTER AND TENRAHURE ON INACTIMANI
KINETICS OF ROTAVSRAND MS2 BY
SOLAR IRRAATION
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The waste stabilization pals (WSP) method is a promising domestic wastewater treatment technology
that relies solely on sunlight as the power input. The inexpensive energy requirements make the WSP
technology suitable for places where construction, operation and maintenance exsted land costs.
When properly designed, operated and maintained, WSP have been shown to provide high quality
effluent able to meet the World Health Organization guidelines for safe use of wastewaters in
agriculture, for example! f (i K2 dza K 2 { isinfedtign- hagliéénfsiiownRo achieve significant
inactivation of pathogens, the disinfection mechanisms are not fully understtbe.few mechanistic
studies on pathogen disinfection in WSP consistently show that virus indicators display lower
inactivation rates than bacteria indicators. Therefore, we need a better understanding of the sunlight
disinfection mechanisms of viruses.

For sunlight disinfection of pathogens, three mechanisms have
been identified: indirect (UV#&isible range) damage by T T
exogenous sensitizers (i.e. SRNOM, methylene blue, etc.), 12t UV B .——+

indirect (UVB and UVA) damage by endamensensitizers (i.e. — / +
/ﬁ/

flavins, quinones, etc.), and finally direct UVB dam&gevious = 9'+-

studies have shown that upon solar irradiation of the>~ 6}
ubiquitous natural organic matter (NOM) in aqueous systems, 3
reactive oxygen species (ROS) are produdedecent gudy _~<O 3F O—O %jﬂ@)-
reported that of the ROS produced by the irradiation of NOM, o—u . ,
singlet oxygen was the most significant MS2 virus disinfectant. 10 20 30 40
Thus, inactivation of phage MS2 by the ubiquitous exogenous _
sensitizer NOM could serve as an important disinfection Temperature ( C)
process 6 viruses in surface waters. Whether enteric viruses ~—©— MS2-0mg/L TOC
will be inactivated by sunlight following the same mechanism —[—MS2- 20 mg/L TOC

. . . —@— Rotavirus - 0 mg/L TOC
as for the MS2 bacteriophage is still to be determined. —m— Rotavirus - 20 mg/L TOC

This study elucidates the importance of each mechanism for

the sunlight disinfectiorof rotavirus, an enteric virus, and MS2,

a bacteriophage, in buffered water samples irradiated with a solar simulator. We also investigated the
role of temperature and Suwannee River natural organic matter (SRNOM) for each disinfection
mechanism and eactype of virus. For MS2, the inactivation rates{hfor each mechanism are as
follows for all temperatures considered (80°C for MS2, ¥80°C for rotavirus): direct UVB damage (0
mg/L TOC) > direct UVB damage + 20 mg/L TOC > indirect exogenous dawyag2Q mg/L TOC) >
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indirect endogenous damage (UVA: 0 mg/L TOC).

For rotavirus, the inactivation rates (Hr were: 2.0 T r r .
direct UVB damage (0 mg/L TOC) > direct UVB U l
damage + 20 mg/L TOC > indirect exogenous. 1.5}
damage > indirect endogenous damage for_ /
temperatures ~3250°C. For temperatures below S 1.0 /[jj /
~25°C, the indirect exogenous damage did not3

. - o o 0.5¢}
experimentally differ from the indirect endogenous x
damage for rotavirus. For temperatures > 50°C, 0.0l l !ﬁ
rotavirus inactwation was primarily due to heat

damage. Unlike MS2, the observed exogenous 10 20 3'0 40 50
contribution for rotavirus at > ~32°C was not

attributed to singlet oxygen. Quencher tests Temperature (C)

conducted at 42 and 50°C indicate that neither —(O—MS2- 0 mg/L TOC
hydroxyl radicals nor hydrogen peroxide ear —L}=MS2- 20 mg/L TOC
responsible for rotavirus inactivation. Currently we @ Rotavirus - 0 mg/L TOC

. . —l— Rotavirus - 20 mg/L TOC
are stgdylng the_ effect pf triplet statg NOM as a —A— Rotavirus - DARK-0/20 mg/L TOC
potential damaging radical to rotavirus at high
temperatures.

The experimental results presented here suggest that the direct UVB and indirect emdsggamages
comparably affect MS2 and rotavirus. Inactivation rates by direct UVB and indirect endogenous are the
higher and lower, respectively, for both viruses. However, the indirect exogenous damage over the
temperature range considered differs for thovirus models. The species responsible for the exogenous
damage also differ for both viruses. Because inactivation of MS2 does not parallel the enteric viral
disinfection, we conclude that it is crucial to investigate disinfection using enteric viruses.

The future work will focus on elucidating the rotavirus damaged site caused by both direct UVB and
exogenous effects. TEM, gel electrophoresis, and other similar methods will be used.
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Nitrate is a widespread contaminant because of its extensive usagriculture; nitrite is a reduction
intermediate of nitrate in natural systems arid viva Both must be removed from drinking water to
below regulatory threshold values due to their adverse health impactshaRdd catalytic reduction
with hydrogen ha emerged as a promising water treatment strategy for nitrate and nitrite compared to
conventional technologies such as ierchange and biological denitrification. Nitrate reduction occurs
on bimetallic PeM catalysts (M represents the promoter, e.g., Gy,Sn) to produce nitrite, and nitrite
reduction proceeds on Rdlone through a series of nitrogenous intermediates (e.g., N£D) No
produce the end productsJénd NH.

The economic advantage of catalytic reduction is still an open question. Indspm catalytic activity

per unit mass of precious metal, and on catalyst longevity during fouling and oxidative regeneration. In
addition, catalytic selectivity towards,MIso determines the viability of this technology. The byproduct
NH; needs to be miimized because of its toxicity. The objective of our research is to develbpded
catalysts with enhanced activity, selectivity, and fouling resistance for nitrate/nitrite removal from
drinking water. Carbon nanofibers (CNFs) and carbon nanotubes )(@Tmployed as catalyst
supports because of their unique properties (i.e., high surface area with tunable functional groups,
favorable electronic properties, interior versus exterior loading), and nitrite is selected as the probe
contaminant because is the key intermediate of nitrate reduction that determines selectivity for N
and NH.

The hollow structures of CNFs and CNTs allow Pd nanoclusters to be loaded on their interior and/or
exterior surfaces. Selected CNF and CNT catalysts were charatténzdéransmission electron
microscopy (TEM) as shown in Figure 1. Pd nanoclusters were loaded primarily inside CNFs, primarily
outside CNFs, or proportionally inside and outside CNFs. For primary inside loading, acetone or an
acetone/water mixture was useds the solvent, and its volume was precisely matched with the internal
channel volume of CNFs. For primary outside loadingylene was used to fill internal pores of CNFs,

and Pd was loaded onto CNFs in an aqueous solution that was immiscibleswfarma. For both inside

and outside loading, CNFs were exposed to Pd in agueous solution by the incipient wetness method.
These distinct preparation methods gave Pd nanocluster interior loading percentages from 72.2+20.2%
to 22.7+x17.8%. We also pdseated ore primarily inside loaded catalyst in,,Nand obtained Pd
nanocluster diameters for all samples ranging frb®4+0.69 nm to 9.57+3.45 nm.
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Pd nanoclusters were loaded primarily inside CNTs using the same solvent approach for CNFs, but
ultrasonication wasiecessary to promote Pd migration into the smaller internal diameter poré&sni®

in CNTs compared to Z8 nm in CNFsYhismethod resulted in 41613.1% of the Pd nanoclusters

being loaded inside CNTs, with diameters of 20080nm.

(b) ©
Figure 1. TEM images of selected CNF (a, b) and CNT (c) supported Pd catalysts

We evaluated the activity and selectivity (i.e; ®er NH production) for nitrite reduction by CNF
supported Pd catalysts, and explored the effects of Pd nanoclugieristerior versus exterior loading,

and catalyst aggregate size. Results show that nitrite reduction activity generally increases with
decreasing Pd nanocluster size (i.e., increasing Pd surface area), increasing exterior versus interior
loading, and de®asing catalyst aggregate size. Higher surface area yields a larger number of Pd active
sites, and external versus internal loading and smaller aggregate size result in faster mass transfer.
Results also show that selectivity for dinitrogen instead of amia generally increases with increasing

Pd nanocluster size and decreasing catalyst aggregate size, but is not sensitive to interior versus exterior
loading. Smaller Pd nanoclusters tend to have nfedeactive sites anddgesand/or corners, which are
proposed to promote NEproduction rather than NN pairing..

We will evaluate the fouling resistance of CNF and CNT supported Pd catalysts, with interior and exterior
loadings.Suwannee River humic acid standard Il, Suwannee River natural organic mattej, (&f@M
sulfide will be studied as representative foulants. They were chosen because Suwannee River humic acid
and NOM have different molecular sizes, and because sulfide is prevalent in natural waters and
engineered systems under reducing conditions. Géitahctivity and selectivity will be evaluated before

and after fouling and after regeneration. Catalyst will be characterized by TEM, scanning transmission
electron microscopy (STEM), anday photoelectron spectroscopy (XPS).

To summarize, CNFs and T@Nare used as supports for Pd catalysts for nitrite reduction, and their
properties are explored to evaluate the effects on activity, selectivity, and fouling resistance. They are
advantageous because their relatively simple structure allows detaileduai@h of reaction
mechanisms, because they show promise as a practical support if they are produced more economically,
and because they provide insights to synthesize novel sustainakbagsadl catalysts for nitrate/nitrite
reduction.
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PSYCHROPHILIC AR®OBIC MEMBRANE BEARTOR FOR DOMESTIC
WASTEWATER TREATMENT
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“Department of Mechanicdingineering, University of Michigan, Ann Arbor, USA
*1351 Beal Avenue EWRE 17, Ann Arbor, Ml 48109, USA, (7389@3,5alsmit@umich.edu

Water utilities are finding it increasingly desirable to reduce energy consumption and residuals
production as pariof a portfolio of strategies to achieve sustainable water managemeXs part of
these efforts, domestic wastewater (DWW) treatment design approaches need to toweed energy
neutral operations and lower residuals production, without compromising effluent quality. Anaerobic
biological treatment of DWW has been proposed as a more sustainable alternative to traditional aerobic
biological treatment®. Anaerobic membrane bieactors (AnMBRs), which combine anaerobic biological
treatment and membrane separation, have the potential to improve or match the degree of treatment
accomplished in current DWW treatment, while greatly improving the sustainability of the process by
redudng the footprint of operations, energy consumption, residuals production, and by providing a
useful end product. A few recent studies have reported the potential of AnNMBRs festtength
wastewater treatment®, however, these studies have demonstrated feasibility at elevated

G S Y LIS NI G °@NBedpossibiligopanaerobic treatment of DWW at psychrophilic temperatuf2s

20°C) has been proposed in a few stutfies' and is a critical compent for attaining process
sustainability. The current research assesses the feasibility of AnMBR technology for DWW treatment at
psychrophilic conditions through operation of a bersdale AnMBR, examines the role of the
membrane biofilm in fouling and éatment, and is performing microbial analyses to better understand
and optimize the process.

A 7-L benchscale AnMBR with a liquid volume of 5 L and two submerged membrane housings each
containing two separate flasheet microfiltration polyethersulfone embranes with a pore size of 0.2

pm (GE Osmonics, Greenville, SC) is being operated in this $helA\nMBR was inoculated with a
combination of seed sludges providing diverse microbial communities from mesophilic (UASB and
anaerobic sludge digester) anmubychrophilic (anaerobic lagoon) environments. The system employs
biogas sparging and permeate backflushing to mitigate membrane fouling. From €288, the
bioreactor was fed a synthetic wastewater representative of D\WWWhe system is currently operated
using actual DWW collected from the Dundee Wastewater Treatment Plant (Dundee, MI). Operating
conditions include a reactor temperature of 15°C, a solids retention time (SRT) of approximately 300
days, a target hydraulic residence time (HRT) of 16 houms,aamembrane flux of 8.07 LAtmour

(LMH). In actual operation, the HRT ranged from 16 to 24 hours due to membrane fouling. The organic
loading rate was approximately 660 mg COD/L/day during operation with the synthetic DWW, and
currently fluctuates betwee 180 and 430 mg COD/L/dalpe to fluctuating DWW characteristics.
Finally, massively parallel sequencing targeting the/Sypervariable regions of the 16S rRNA gene
will be performed on each inoculum, and mixed liquor and biofilm samples to determiombial
community structure.

The benckscale AnMBR fed with synthetic DWW achieved an average COD removal of 92 percent
during approximately 350 days of operation with an average permeate COD of 36 mg/L. Although BOD
was not measured routinely, anafs of a limited number of samples indicated an average permeate

BOLR of 18 mg/L. Consistent differences of approximately 100 mg/L between soluble bioreactor COD
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and permeate COD indicated substantial soluble COD removal across the membrane. Additionally, it was
found that greater membrane fouling resulted in 10% additional COD removal across the membrane.
These results suggest that a direct relationship existsvbeh membrane fouling and soluble COD
removal by the biofilm. More work is needed to determine if the mechanism of soluble COD removal is
primarily biological, or if size exclusion, charge exclusion, and adsorption are involved. To this end, an
experimentwas conducted in which an AnMBR was operated with fouled membrane units, but without
mixed liquor biomass, and fed a solution containing trace metals at levels similar to those in the
synthetic DWW and approximately 55 mg/L of acetate and 10 mg/L eatle oblatile fatty acids (VFA)
formate, propionate, isobutyrate, butyrate, isovalerate, and valerate. The results of this experiment
indicated that soluble COD removal across the biofilm is largely due to biological removal, evidenced by
differential VFA dgradation and the presence of soluble methane in the permeate stream. The results
further suggested that hydrogenotrophic methanogenesis is favored over aceticlastic methanogenesis in
GKS O0A2FAfYXZ LlRaarofe RdzS (2 KRIRMNR@RSWESSSPECHicONS | &4 S
methanogenic activity assays and microbial community characterization through pyrosequencing of DNA
extracted from biofilm and mixed liquor biomass samples are pursued to further evaluate these
observations. Finally, microbiabmmunity characterization of the three inocula (two mesophilic, one
psychrophilic) using pyrosequencing will be compared to biofilm and mixed liguor community structures
from the AnMBR and used to evaluate the effect of prolonged psychrophilic operatiothaese
communities.

During operation of the AnMBR, methane solubility limited direct biogas recovery. Extensive
quantification of soluble methartdin the mixed liquor and permeate indicated that about half of the

generated methane was removed from the reactor through the permeatier than being collected in

0KS KSIRALI OSd {2tdzotS YSUKFIYS YSIF&adz2NBYSyidia AyRAO
may be a result of transmembrane pressure gradients in the system as well as additional methane
production in the biofilm. Bcovery of soluble methane from the permeate will require degasification,

which may impact the economic feasibility and overall sustainability of the process. Alternatively,
dissolved methane can be considered an asset if it can be used directly, forlexam@a substrate for
denitrification.

A second benciscale AnMBR was recently inoculated with biomass from the first AnMBR to evaluate
the feasibility of treating actual DWW in this system. Preliminary results suggest that the treatment
performance whe feeding actual DWW is similar to that observed with the synthetic DWW.
Additionally, economic and environmental assessments of AnMBR technology applied to DWW
treatment are pending.

In conclusion, a benebcale AnMBR operated at psychrophilic temperasutreating a lowstrength
wastewater was able to achieve a highality effluent suitable for direct discharge (assuming nutrient
removal is not necessary). These results are suggestive that psychrophilic treatment of DWW via
AnMBRs is worthy of furthenvestigation as a direction for more sustainable DWW treatment.
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This abstract contrasts the format of two serviearning courses on water treatment for under
privileged communities and describes advantages and disadvantages of each format for the benefit of
the students and the community partner.

A new servicdearning course has been offered in the School of Engineering at the University of
Mississippi with thepartnership of the organization Living Waters for the World (LWW). LWW is an
organization that trains and equips mission groups to introduce clean drinking water to communities in
need. The communities range from rural villages in Nicaragua with no atxesanicipal water, to
neighborhoods in small cities in Mexico with low quality municipal water, to households in the U.S. with
water wells contaminated with mine waste. LWW implements its clean water mission by holding four
day courses named Clean Watgiin two locations in the United States. Participants attend Clean Water
U in Mississippi or California and return to their mission groups with the knowledge to build successful
relationships, teach hygiene, and train the receiving communities to buildbpadate water treatment
systems composed of microfiltration and ozonation or ultraviolet (UV) disinfection (Figure 1). The two
Clean Water U facilities house several the treatment systems built in different configurations for the
purpose of training paitipants.

Figure 1. The author (left) and a student (right) discuss the water treatment system at Clean Water U in
Mississippi.
This servicdearning course, held in the fall semesters of 2009 and 2010, combined teaching of water

treatment processesith hands2 y LINRP2SOGa G2 GSad [22Q& o6 GSNJ G§NB
Clean Water U facility.
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The Fall 2009 course enrolled 10 students in two engineering disciplines (civil and geological) and
included two graduate students. Two main projectsravearried out: (1) testing the rate of coliform
disinfection along the -Inch PVC pipe ozonation plug flow reactor; and (2) testing the effectiveness of
changing the order of two unit processes in the system. The class functioned as one large projgct grou
with the instructor as project manager directing the timing of the testing and how to report results. Each
student filled a different role, which was mostly kept constant throughout the semester. Students
naturally acted on roles that were comfortable them. For example, some students conducted the
colorimetric water quality analyses, others operated the treatment systems, others worked on the
results in a computer spreadsheet, and so on. Roles were rarely switched among students, and the
instructor kept careful watch over all activities. By the end of the semester, a small group of students
took the role of report writers and completed a report submitted to LWW. Eventually, this report was
revised as a manuscript that was published in tmernational Journal for Service Learning in
Engineering

The Fall 2010 course enrolled 12 students in three engineering disciplines (civil, geological, and
chemical) and included eight graduate students. Four projects were carried out: (1) testing the
effectivenessf different venturis for ozone injection; (2) testing the effectiveness of UV disinfection in
the absence of a O:Buicron filter; (3) testing the effectiveness of a chlorine shocking practice to
disinfect the system before stattp; and (4) creating a pcedure to estimate the strength of bottled
bleach given limited supplies. The class was divided into four groups of three students, with each group
containing two graduate students and one undergraduate. Each group worked on data collection and
analysis a two of the above projects and as a peer reviewer for a third project. The instructor acted as a
general guide for the activities, rather than project manager as in the previous offering of the course.

In the two offerings of the course, students colledtand reported data, and wrote reports and orally
presented the findings to members of LWW. The two different group work formats had advantages and
disadvantages. When organized into one large group with the instructor as project manager (Fall 2009),
somestudents did not benefit from learning the big picture of the project, and many students relied on
the instructor for directions instead of taking initiative. The advantage of this format was that one
detailed final report was submitted to LWW, which daily detailed the experiments and had clear
conclusions. The group format was changed in the second offering of the course (Fall 2010) to take
advantage of potential leadership skills of the graduate students and to have students work outside of
their confort zone and take roles that they typically would not take. The format with small groups also
had disadvantages. With three smghoup projects to work on, students did not have time to be
thorough in their testing and therefore did not offer as goodaddervice to the partner organization. In
addition, students did not have time to assimilate all of the technical issues related to the three projects
that they had to work on in a single semester. One advantage of this format is that students were more
independent on how to conduct their testing and learned well through their mistakes.

While it appears that a next offering of the course will have a format of mediaed groups working

on at most two projects each, this method will also have advantagesdisadvantages. Groups, no
matter how large, will always have conflicts among students, especially on how the workload is
distributed. Nevertheless, students always learn about team performance for the common goal of
serving the partner organization. K evident that the instructor must be clear to the students on the
objectives and expectations of the group work.
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PREDICTING THE PRODION OF BIOMATERIAN ACTIVATED SLUDEING
GENOMIC MODELING

M. Tajparast* and D. Frigon
Microbial Community Engieeing Laboratory, Department of Civil Engineering and Applied
Mechanics, McGill University, Montreal, Canada
*817 Sherbrooke Street West, Montreal, Quebec, Canada, H3A 2K6, T-80%2475, Fax:
514-3987361, Email: mohammad.tajparast@mail.mcgill.ca

Introduction. Recovery of wastewater resources into vaheded materials has recently been the
subject of active research. Storage compounds such as polyhydroxyalkanoates (PHAS), triacylglycerols
(TAGs), and glycogen are naturally produced by many bacteiintracellular carbon and energy
reserves under various environmental stresses including fieasine cycles occurring during biological
wastewater treatment(3, 19. PHAs and TAGs are interesting polymers for their properties as bioplastics
and biodiesel precursors, respectivelyl) The ability of producing these polymeirs wastewater
treatment plants may allow a reduction in production cost over the current industrial processes, which
use pure cultures and sterile pure substrates. However, our ability to predict the metabolism of
heterotrophic bacteria selected in actieal sludge wastewater treatment processes and producing the
various storage polymers is still at its infancy, which limits our ability to rationally develop the
technologies. The goal of this paper is to develop a simulation protocol based on availatrecgmale
metabolic models (two models were usedhodococcus jostiitrain RHAL (this study) ariescherichia
colistrain k12 (9)) to predict the metabolisms selected and expressed in mixed microbial communities.

In order to study the biodiversity of heterotrophic bacteria accumulating storage compounds, we
propose to study the possible metabolisms through #heailable genome sequences (currently 831
complete genomes are availab(®)) and the genomescale metabolic models (currently 15 models are
available(5)). Genomescale metabolic models are analyzed by flux balance analysis (FBA). In the FBA
framework, the st of mass balances around each metabolite of a biochemical network constitute an
underdetermined set of equations that can be optimized by ligg@gramming approach
implementing biologically relevant objective functions.

The choice of an objective funah is central to FBA. In one interpretation of the evolutionary principle,
bacteria constantly optimize their metabolic activities to get competitive advantage. For growth in
wastewater treatment systems, one could hypothesize that the growth rate (dd yfesubstrate
uptakes and growth rates are coupled) corresponds to this optimum. However, storage metabolism can
be seen as a sort of secondary metabolism where substrate uptake and growth is decoupled. Therefore,
the selection pressure may not be at thevel of maximizing overall growth rate (or overall yield).
Consequently, the main objective of this study was to evaluate alternative objective functions to
determine the best one to predict the metabolism that would be selected in activated sludgersyste

for storage accumulation. We tested two additional salfjective functions: (i) minimizing the total
metabolic fluxes (i.e., maximizing cellular efficien®y) and (ii) minimizing the flux differences between
feast and famine growth (i.e., minimization of metabolic adjustment, Mo{1A).

Materials and Methods.The three different objective functions were comparéat their ability to
predict the pairing relationship between substrates (glucose and acetate) and storage compounds
(glycogen and poly-hydroxybutyrate (PHB)). Two genorseale metabolic models were used: (i) an E.
coli k12 model(9) modified to allow the accumulation of PHA (glycogen can already be accumulated by
E. coli), and (ii) the R. jostii RHAL1 matthalt we constructed. R. jostii RHAL is an environmental isolate
which genome has recently been sequenced and annotgi®d Our RHAL recatructed network
contains 1240 balanced (intracellular) compounds and 1931 unique fluxes. It also includes 329

92 2011 AEEP Education & Research Conferendaiversity of South Florida



Advances that Deal with Water Depletion and Degradation

extracellular compounds that are associated with 517 exchange fluxes. Simulations were conducted in
using the COBRA toolbox of MATI(AB

Results and Discussiofig. 1 shows the variation in value of objective functions (max. growth rate, min.
metabolic fluxes, or min. metabolic adjustments) withpest to the accumulation of glycogen and PHB

at different fluxes for a constant carbon uptake rate (21 Cmmdl\{y-h)) in the form of glucose or
acetate uptake. Fig. 1 only reports simulation results for R. jostii RHA1 model, but the E. coli model
simulatbns also showed similar trends.

The three objective functions abovaentioned properly predicted the storage metabolism observed
when labscale activated sludge reactors were operated with artificial wastewater containing either
glucose (storage: glycogef®) or acetate (storage: PHR)) as the sole carbon sourcés.g., Fig. 1 for R.

jostii RHA1 results with glucose as substrate). These results were independent of the assumed lengths of
the feast and famine phases. Although all these objective functions properly predicted the carbon
sources and storage metabolismpairing, the MoMA objective function found the largest differences
between glycogen and PHB metabolisms, suggesting a more reliable prediction.

We also analyzed the case of succinate as the sole carbon source for which we do not have experimental
data yet.In this case, the three objective functions predicted the same way. However, the R. jostii RHAL
model predicted the accumulation of PHA, while the E. coli model predicted the accumulation of
glycogen. We are now testing these in the lab. However, it sdbatsthe use of lumped reactions to
simplify the E. coli model may be the cause of this discrepancy.

ConclusionThe substratestorage pairing relation of two species commonly present in activated sludge
systems and taken as representatives of heterotrophs was analyzed using the geoal@md-BA. The
simulation results showed glucoggycogen and acetatPHB pairingvhich is in agreement with the
experimental observations. Once fully developed, this modeling approach may provide a good
predicting tool for heterotrophic metabolisms found in activated sludge treatment systems and it could
be used for the optimizationfahe production of the valuable biomaterials from wastewater resources

in future.
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MICROBIAL ELECTROZCKRL CELLS AND TRHBIOENERGY APPLIOAS IN
THE LABORATORY ANDRHHE WASTEWATERUSTRY

César |. Torres* Prathap ParameswaranAndrew Kato MarcdsRosa KrajmalniBrowr,
Bruce E. Rittmarin
Center folEnvironmental Biotechnology at Biodesign Institute, Arizona State University,
Tempe, AZ USA
*PO Box 875701 Tempe AZ 852801 email: cit@asu.edu
ph. 480727-9689 fax: 486¥27-0889

The concept of microbial electrochemical cells (MXCs) holds great prdoriseenewable energy
production from wastes. Inside an MXC, anode respiring bacteria (ARB) catalyze the direct conversion of
organic matter into electrical current. Electrical current has been successfully produced in MXCs from a
variety of organic wasfts which include wastewater, wastewater sludge, animal and agricultural wastes,
sugars and alcohols, among others. The electrical current produced can be used to generate electrical
power, fuels such as hydrogen,fHor highvalue chemicals of interest tthe water and wastewater
industry (i.e. caustic, hydrogen peroxide).

In order to maximize the benefits of MXCs, we must select for ARB that minimize anode potential losses.
By using lower anode potentials, we selectively grew ARB, enriched from vedstesludge of the Mesa
Northwest Water Reclamation Plant (Mesa, AZ), that are capable of producing high current densities at
low anode potentials. We used these enriched ARB community to study their kinetics and
thermodynamics and maximize electrical @mt production. In order to optimize the biofilm anode, we
must understand the transport processes occurring inside the biofilm: substrate diffusion, proton and
ion diffusion, and electron transport to the anode. Moreover, we must understand how thedd3ign

affects these processes and limit ARB activity at the biofilm anode. Our group has combined modeling
and experimental work to study the rates of electrical current production by our ARB community. The
development of these kinetic models has lead detter MXC designs and has opened new research
areas in the field of microbial kinetics.

One of the new research areas that we are developing is related to the study of microbial kinetics
through ARB. Our previous research on ARB kinetics has rewhate®lRB can carry out extracellular
electron transfer (EET) with minimal potential losses. Thus, their electrical energy production is directly
measuring the metabolic rate of ARB. These electrochemical measurements, in which ARB kinetics are
directly caupled to the anode, opemip new research opportunities for understanding the kinetics of
metabolic processes occurring in microbial cells and biofilms. The continuous monitoring of the current
generated by ARB also allows us to track respiration ratesahtime at ranges below 1 millisecond.
Thanks to these electrochemical measurements, we are now able to study the kinetics of microbial
processes in a simpler manner and even perform studies that were not possible before.

An example of such kinet&tudies measures the kinetic response of ARB to an instantaneous increase in
substrate concentration after a starvation period. The MXC is first depleted of electron donor, leading
to starvation and a decrease in current production by ARB. Then, a spikebstrate (I acetate,
ethanol, butyrate, among others) allows us to determine the microbial response to substrate availability.
ARB response times to these substrate spikes occur within < 5 seconds, demonstrating our capability to
measure microbial kietics with high temporal resolution. However, not all substrates have a quick
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response; this approach has allowed us to characterize mixed microbial communities and determine
whether a substrate is directly consumed by ARB, or if a fermentative stegcisring upstream of
current generation. These experiments not only show the versatility of measuring ARB kinetics, but also
demonstrate the potential to use electrochemical measurements to probe microbial and biofilm
kinetics, thus expanding our knowleglgf microbial kinetics related to bioenergy applications.
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OCCURRENCE OF OPRODIITIC PATHOGENRAINIGHLY CHLORAMINEDT
DRINKING WATER DIEHR&RTION SYSTEM

H. Wang*, M.A. Edwards A. Prudeh
Virginia Polytechnic Institute and State Univerdiacksburg, USA
*418 Durham Hall, Blacksburg 24060, VA, +1 540 231 3980, freerainbow2008@gmail.com

Aims: Opportunistic pathogens residing in water systems, particularly premise (i.e., building) plumbing,
are now the primary source of watdrorne diseaseni developed countries. As populations expand and
infrastructure becomes increasingly urbanized, the importance of opportunistic pathogens is poised to
be of increasing concern. Opportunistic pathogens pose a new challenge for public health, requiring a
paradigm shift that moves beyond disinfection of water produced by drinking water treatment plants.
Of patrticular interest is the relationship between opportunistic pathogens and the broader drinking
water system microbial ecology, which may have an oVstahulatory or inhibitory effect. Thus, the
purpose of this study was to explore the occurrence of an array of opportunistic pathogens at various
points within a distribution system, including premise plumbing, along with the corresponding microbial
community composition. The present study focused on a distribution system that was highly
choraminated, a conventional means of inhibiting certain opportunistic pathogens, while future studies
will compare with other distribution systems and with laboratomgdels. The specific aims of this study
were to 1) investigate the occurrence of four opportunistic pathogensdionella pneumophija
Mycobacterium aviumPseudomonas aeruginosand Acanthamoeba polyphaga?2) investigate the
influence of water age on th occurrence of pathogens and microbial communities; &haxplore
possible relationships between microbial ecology and pathogen occurrence.

Materials and Methods: The sampling plan was designed based on a water age model of a small
drinking water distribution system. Three to seven houses were selected for sampling at each water age
investigated (3d, 6d, 8d, 10d, and 17d or longer). Three or faursamples were dlected at each
sampling location: the first was collected before flushing the sampling tap (first draw sample), the
second was collected after flushing the sampling tap for 3 min, and 1 or 2 water heater samples were
collected from the safety valve and thom drain valve of corresponding water heaters. The sampling
procedure was performed in accordance with the EPA sampling guide with slight modification. Collected
water samples were transported to the lab within 2 h and processed by filtrating through 0.2 8fe-

size mixed cellulose ester filters (Millipore), which were subsequently fragmented and subject to DNA
extraction using the FastDNA® SPIN Kit (MP Biomedicals, Solon, OH). Quantitative polymerase chain
reaction (QPCR) was used to quantlfy pneumophilg M. avium AcanthamoebaP. aeruginosand 16S

rRNA genes. The microbial community composition of the water samples was profileetniipal
restriction fragment length polymorphism {RFLR)

Results and Conclusionsihe physicochemical properties of the water samples were found to be
consistent across all samples, with an average T of 19.7 @2phl of 7.85 (+0.23), NHof 0.63 (+0.14)

mg/L, N@Q of 0.34 (x0.05) mg/L and TOC of 2.36 (£2.96) mg/L. A high chloramine residual was verified
throughout the distribution system, with an average concentration of 2.21 (+0.63) mg/L (calculated as
total C}).
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comparing to oher similar studies
6.7% and 16.7% of first
draw samples detected positive forL.
pneumopihlaand M. avium respectively; while
none of samples collected after flushing were
positive for L. pneumophilaor M. avium This
suggests that even when the distribution system
itself is highly chloraminated, overnight
stagnation may still permit the growth of
indigenouspathogens harbored in biofilm. The
results of 16S rRNA gene quantification
demonstrated that the concentration of 16S gene
for first draw samples is significantly higher than
samples after flushing (P<0.05), supporting the
potential role of biofiims harbring pathogens
(Figure 1).

Principle component analysis (PCA) of tRFLP
fingerprints of the bacterial and eukaryotic
communities indicated that microbial community
composition did not cluster based on water age
(Figure 2). Weak clustering was only obserfor
first draw samples positive fdvl. avium Future
research will investigate in detail the role of
additional factors, such as pipe material,
disinfectant type, hot water heater temperature
and configuration on opportunistic pathogen
occurrence.
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BOO' STRAP UNCERTAINTY ANALYSIKBIBAREST NEIGHBOR CLASSIFICATION
FOR MICROBIAL SOURCE TRACKING

Mark H. Weit', Joanna M. PogeCharles N. Haas
! Center for Advancing Microbial Risk Assessment, Department of Fisheries and Wildlife,
Michigan State Univeity, East Lansing, Ml USA
2 Department of Civil Architectural and Environmental Engineering, Drexel University,
Philadelphia, PA USA
" 303 Manly Miles Building, East Lansing, MI 48824, phone35%1655, fax: 518539807,
weirma@msu.edu

Librarybasedmicrobial source tracking (MST) approaches require the collection of bacterial data from
possible contaminating sources in a watershed or waterbody to create a library of data to which bacteria
from unknown sources.€. those found in the water) are compad. Although most researchers in the
MST field are moving towards libraipdependent methods such as identifying haglecific genetic
markers, the librardependent approach can be useful in a complex geographical area where multiple
bacterial sourcesare influencing water quality. There are two weditablished tools for analyzing
library-dependent MST datasets, namely discriminant analysis amglkest neighbor @n). Both of

these methods are classification algorithms, originally developed fprat analysis and information
theory. They evaluate the rate at which a specific sample is similar enough to a set of exemplars
obtained from known sources, where a new isolate from a known soergedow) should be correctly
classified to the exemplarfrom a similar sources(qg. livestock). The use of classification tools in MST
has shown mixed results, and they suffer from insufficient analysis of the uncertainties in the resulting
classified groups. While all classification techniques performstimae base task, there are subtle
differences in technique and method which allows for preference from one form to another.
Discriminant analysis attempts to compare data values to their associated classes (discrete group) using
a set of lines, planes oryperplanes cutting the data into separate classesnnkanalysis does not
attempt to force a linear relationship, as this technique compares all available data to the associated
classes, and those data points nearest to specific classes are classifigdtiaat group. Figure 1 shows

a graphical depiction of the two classification techniques, figure 1a beimg &nd figure 1b being
discriminant analysis.

Variable 2

o
‘X
Discriminant Score 2

Variable 1 Discriminant Score 1

Figure 1. a)4n classification, showing the object of unknown origig)(is classified byts placement
to its three nearest neighbors and b) based on two discriminating variables generating distinct
groupings of objects in a hyperplane.

What is of particular interest is the lack of further computational analysis of the results of these
clasdiication techniques within the MST field. While the underlying uncertainty of the classifications
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from each of these techniques has been analyzed in signals processing and information theory, this work

has primarily focused on the errors of classificatiofss to the point of this work, there has not been a

published effort to understand the uncertainty of correct classification. Typically the jackknife

0§ SOKY Al dife2@AitéSIHIGS f eaAao Aa dzaSR G2 AYy¥TFSNI GKS @GN
While the jackknife is useful in classification analyses, it is nhot a random iterative process; therefore, it is
incapable of inferring a distribution of classifications, since the same result is generated at each
implementation. Therefore to expand skification results into further analyses or risk modeling, using
technigues such as the Monte Carlo method, the capability of inferring a distribution of classification

results is necessary.

This work is based on the data and classification informagsulting from a MST case study conducted
within the jurisdiction of the Philadelphia Water Department. Bacterial isolates were collected from the
host species, grouped as: wildlife, waterfowl, wastewater treatment plant finished effluent, livestock,
domedic animals and zoo (animals not indigenous to the watershed). Amplified DNA fingerprints for
Escherichia co(E. colj andEnterococcus spmvere generated using routine polymerase chain reaction
(PCR) with the BOX1R primer set, and used to constrtige library of know source groups. This library
was then used to classify the isolates into the known groups. Both discriminant analysisianweeke

used, but since «n provided a better rate of correct classification, this technique was chosenlfor al
classification work in the case study, and thereby, this uncertainty analysis. -fithel&ssification was
bootstrapped, which is an iterative technique that developed a vector of 10,000 rates of correct
classification (thus 10,000 iterations), based rmdomly sampling from the library of data. Three
bootstraps were conducted overall, first where only the data from the library were sampled randomly,
second where the value of k was randomly chosen (as opposed to the optimal k chosen via cross
validation) and third where both k and the data were randomly sampled.

Using the data from the MST case study, the bootstrap of the classification routine (the uncertainty in
the rate of correct classification) was determined by calculating the mean and quarttitee @0,000
classification results. It is shown that the uncertainties of classifying MST data are best handled using a
bootstrap of randomly sampling possible k values, and secondly, where the data is randomly sampled.
While the rate of correct classifition decreased due to the bootstrap, these rates can now be more
effectively described within likely uncertainty bounds. Another interesting result from the bootstrap
method is that while a larger number of exemplar cases was typically associatedsmvaher
uncertainty bounds, this was not always the case for bBthcoliand Enterococcus Through all
bootstrap™ typesEnterococcuperformed much better, allowing a much greater probability of correct
classification as well as decreased uncertaintyhis estimate. Overall the results of this uncertainty
analysis for MST data demonstrate a heeded expansion on the information available from classification
analysis, and an ability to assess the distribution exhibited in the classification rate, tfzthea general
assessment of the variance and bias in the classification.
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QUANTITATIVE ASSEEBNI OF VIRUS PROTAND GENOME DAMAGEQIWY
INACTIVATION BY COMIM DISINFECTANTS

Krista R. Wiggintort* Tamar, Kot Brian Pecsdi Therese SigstaiyFranziska Bosshard
! University of Maryland, College Park, MD, USA
2 Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland
*1149 Martin Hall, College Park, MD 20742, Phone: (301:48@8, Fax: (301) 462685,
wigginto@umd.edu

Background. Successful disinfection of contaminated drinking waters is pivotal for ensuring public
health, yet scientists and engineers lack a mechanistic understanding of how pathogens are inactivated
with disinfection treatments. Even virus pathogens, which havatikely simple structures compared to
bacteria and protozoa, have not been described with respect to their disinfection pathways. Infectious
virus agents consist of a single or double strand of RNA or DNA encapsulated in a protein capsid (some
are surrouneéd by a lipid envelope). Despite having similar structural components, virus strains can
have widely varied susceptibilities to disinfectants. For example, Poliovirus 1 Brunhilde is twice as
resistant to free chlorine as Poliovirus 1 Mahor(@y 2 and Adenovirus 41 is more resistant to UVC
inactivation than Adenovirus 2r 5 (3). These discrepancies suggest that small differences in viral
components can alter virus sestance to inactivation.

Previous studies have detected damage in viral protéing-9) and nucleic acidé, 6, 911) as the virus

are inactivated. Most have focused on damage to specific viral components without probing the effects
that the detected damage has on fundamahvirus activities. Predictions on inactivation mechanisms
have been broad and often contradicto(@, 9, 1113). For instance, poliovirus inactivation by free
chlorine was attributed to RNA damage in one st(B) and to protein damage in anoth€®).

In this study, we work towards an-aepth description of how virus composition and structure influence
susceptibility to inactivation. We believe this knowledge will aid scientists and engineers in predicting
disinfectant effectiveness against those wrstrains that cannot be cultured. This, in turn, would aid
water utilities in designing disinfection processes that ensure public health.

Methods. Bacteriophage MS2 was inactivated via,4J¥radiation, free chlorine, singlet oxygerOf)

and heat. MS2 was employed as a surrogate for remveloped enteric human viruses as it has been
extensively employed in water treatment studies. In addition, it is easily cultured and concentrated to
high concentrations (> tOPFU/mL), and has a relatively simitructure with 180 identical copies of

the capsid protein (13.7 kDa, 129 residues), a single copy of the assembly protein (43.9 kDa, 339
residues), and a singranded, positivesense, 3.6 kb RNA genome. The damage incurred by the virus
proteins and gaome was tracked with quantitative MALDI mass spectrometry and quantitatiRCHRT
respectively. A binding assay and an injection assay were developed to assess the loss of fundamental
virus functions due to the detected virus protein and genome damage.

Results. Damage detected in the virus proteins was most extensive with free chlorine inactivatign. UV
damage and'O, damage were subtle and occurred only at specific locations in the capsid proteins.
Several protein oxidation products were identifiaith MSMS analysis. In the genome analysis, more
damage was detected with free chlorine treatment perildgss of virus infectivity than with 3 and

'0,. Overall, the protein and genome damage results suggest that MS2 can withstand more damage
with free chlorine than with U, or *O, with the same loss of infectivity.
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Virus activity assay results demonstrated th@& Rl YI 3S | FFSOGSR a{wuQa | o0AfAdl
cell. Thus, the small amount of capsid protein damage detected '@itinactvation was sufficient to

cause a loss of the virus binding function. On the other hand, damage Ry itdatliation and free

OKf 2NAYS OFdzaSR | f2aa Ay a{uwQa lFoAftAde (42 AyeSC
function loss to the damagaetected in the A protein and virus genome.

ConclusionsOur results demonstrate that virions can retain infectivity despite high levels of certain
types of damage and that the extent of virus protein and genome damage relative to inactivation levels
varies greatly amongst the different types of inactivation.
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TRANSPORT OF MWALLED CAON NANOTUBES THROUGH POROUS
MEDIA

J. Yang® J. L. Bittét B. A. Smith D. H. Fairbrothér W. P. Ball
!Deartment of Geography and Environmental Engineering, Johns Hopkins University, Baltimore,
USA
’Department of Chemistry, Johns Hopkins UniveBiitimore, USA
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During the process of production and application, CNTs are frequently dispersed in water or other polar
solvent, which requiresurface modification by different methods, one of which is surface oxidation
through acid treatment or other means. Anticipating the possible spill or other type of environmental
release for such materials, it is important to understand the effects ofisteatments on CNT behavior

in the natural environment, including their transport through soil, bottom sediments, and subsurface
materials. In addition, sand filtration is a common process of water treatment that is possibly the most
important barrier br removing multiwalled carbon canotubes (MWCNTS) from wastewater streams or
water supplies. In order to better understand and design such processes, we have undertaken a study
of the effect of surface oxidation on the transport of MWCNTSs through pomedia under different
conditions of aquatic chemistry and using wadhtrolled and welcharacterized porous media.

In this study, MWCNTSs purchased from Nanolabs Techndikagyo(abs, Ing.were oxidized wittb3%,,

or 15%,, nitric acid in order to imuduce oxygen containing functional groups onto the surfaces. The
distribution of different oxygen containing functional groups was then tested usiay Rhotoelectron
Spectroscopy (XP$)olloidal suspensions of oxidized MWCMNegse then prepared by extended (20 h)
sonication.Approximately0.6 pg of colloidal @MWCNTswvasinjected as a pulse into the DI water line
using an injection loop. The AMWCNTs then pasd through columnspacked with glass beads at
diameters of 0.33% 0.4 mm. NaClwas used for the background electrolyte, at concentrations
ranging fom 0.5 mM to 700 mM. Experimentgere conducted at pH 4, 5.8 and 10. The water in each
system was adjusted to within £0.2 units of the target pH using 0.1M HCI or NaOH.dxpeduments,

the use of buffer was avoided to eliminate any unintentional effects of buffering agents on the stability
of the OMWCNTs. In order to obtain consistent and accurate results, the collectors were used only
once after purchase and were cleah#éhoroughly by sonication, first in base (4 M NaOH) and then in
acid (0.001 M HCIBefore every experiment, the beads were sonicated for at least one hour and then
repacked into the column. This final step was necessary to expel tiny air bubbles aableirsslica
colloids from the surface of the glass beadbecause attachment efficiencies of colloidaMWCNTs

are extremely sensitive to collector surface composition, the final sonication step was found to be
critical to obtaining reliable and reprodible resultsThe pulse breakthough curves collected by-\Wi¥

were then analyzed using simple one dimensional convectighispersion transport equation that
included a first order removal term for colloid depositi@md collection at surfaces. The load
deposition rate coefficienk is obtained from appllication of equation (1) below, and the collision
SFFAOASYyOe h OFry (G(KSy o6S OFftOdZ | GSR o0FraSR 2y GKS

— $— 0 — @ Eq. 1

0 -1 11— Eq. 2
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h o — Eq. 3

where C(t)is the effluent GMWCNT concentratiork is the colloid deposition rate coefficiertt, is the
average trael time of the colloidal particles through the colummis the volumetric flow ratelN, is the
total amount of colloids injected into the columty; is the time at which the colloid pulse has
completely moved through the column, ardf' is the depositin rate coefficient under favorable
deposition conditions.

Transport studies in packed columns confirmed that the attachment efficiency of MWNTSs is strongly
affected by ionic strength, and pH in a manner generally consistent with expectadsenshown in
Figures 1 and 2. Results were found to be independent of the injection amount of MWCNT dispersions
(Figure 3), which indicated that the aggregation effect of MWCNTs was not significant in this
experiment. Surprisingly, the oxidation degreedsBMWCNTs was also found to have comparatively little
effect on the attachment efficiency (comparison of Figures 1 and 2). The possible causes of this latter
behavior are still under investigation and will be discussed in the presented paper.
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CHARACTERIZING THEROBIAL COMMUNIRESPONSIBLE FOR
NITRIFICATION USINGSHDENSITY MICROARRAYS

J.A. Starke® C.C. CholyL.S. YilmazG.W. Harringtoh D.R. Noguera
'Depertment of Civil and Environmental Engieering, University of Wisddasison, Madison,
WI, US
*3201 Engineeringdall, 1415 Engineering Drive, Madison WI 53706, (7063289,
jastarke@wisc.edu

Nitrification in drinking water distribution systems that use chloramines as a residual disinfectant is
problematic because it can decrease disinfectant residual, dissaxgden concentrations, pH, and
alkalinity. In addition, regrowth of heterotrophic organisms is also observed in sections of the
distribution system where nitrification occurs.Nitrosomonas oligotrophais now recognized as
ubiquitous ammonigoxidizing bateria (AOB) during nitrification episodes, although other AOB have
also been detected in several studigsin addition, preliminary evidence for the presence ofraonia
oxidizing archaea (AOA) in drinking water distribution systems is starting to embtglecular methods

for the identification ofthe microbiological community responsible for nitrification are providing greater
insight than previous culture based methods.

With the objective of evaluating the diversity of nitrifying organisms in sanfpbes water distribution
systems, wehave designedhightdensity microarraysthat target subunit A of the ammonia
monooxygenaseamoA) gene of ammoni@xidizing bacteria (AOB) and ammoniddizing archaea
(AOA). Additionally, we have included the ability evaluate bacterial diversity by detecting conserved
regions of the 16S ribosomal DNAhe initial steps in the design included the collectionaofoA
sequences from GenBank, their alignment and organizaitiooperational taxonomic unitsand an
evaluaion of the quality of the retrieved sequenceShortsequences and potential chimera sequences
were removed from the design databases, which currently contapr@pmately 7,000 amoAOB and
9,000 amoAAOA sequenceand 6,500 bacterial (16S) sequencadith a 95% similarity threshold for
the definition of operationaltaxonomic units comprehensive microarrays were designed to target 318
AOB, 500 AOA, and 630 bacterial taxonomic uniiext, a preliminary selection of oligonucleotide
probes specificdr each taxonomic unit was identified. In this process, probe length was 624
nucleotides, and the consensus sequence of each taxonomic unit was exhaustively evaluated for target
locations that offered the highest degree of specificity. Potentimbes were ranked according to
whether they uniquely matched one taxonomic unit, or matched (with one or two mismatches) other
taxonomic units. The final step in the design was the -fiméng of probe length based on
thermodynamic considerations of poe-target binding for the perfect match and the poteslti
mismatched hybridizations

The University of Wisconsin (Madison) pitmiale chloraminated distribution system was operated to
achieve chemical and operational parameters typical of thexddeved by utilities that use chloramines

as a residual disinfectant. The piktale distribution system was operated to maintain a chloramine
residual between 0.5 and 1.0 mg/L. Six different distribution systems were operated to understand the
impact of pH (7.9, 8.3, and 8.6) and chlorite residual (0, 0.5, and 1.0 mg/L) upon the microbial
community. Chlorite was included in the study as it has been reported to delay the onset of nitrification
events and is used in several utilities throughout the EuhitStates. Samples were analyzed to
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characterize the microbial community present prior to and during nitrification events. Preliminary
evaluation of microarray hybridizations has confirmed the presence of a small number of operational
taxonomic units detcted for both AOB and AOA. With typical values efA@ositive AOB OTUs (out of

the 318 defined) and-b positive AOA OTUs (out of the 500 defined), the distribution system does not
indicate a very diverse microbial community. AOB and AOA specieprewibusly reported in
chloraminated distribution systems have been detected. Additionally, the presence of different OTUs
positive at different points within the treatment process offers insight into the response of specific
microbial communities to diffrent treatment strategies.
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REMOVAL AND 18ITU IMMOBILIZATIGDF ARSENATE BY PAICCGHARIDE
STABILIZED MAGNETNANOPARTICLES
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We have synthesized and extensively tested a new classabilised magnetite nanoparticles for
enhanced removal of arsenate from water and ion exchange brine, and for in situ immobilization of
arsenic in soil and poultry litter. Two le@2 &G | YR G 3INB Sy ¢ |SaldbR staradb @l NA RS &
sodium carboxymidyl cellulose (CMC), were used as stabilizers to facilitate particle size control and
enhance adsorption capacity. Our results indicated that particle size, morphology, soil mobility and
arsenic sorption capacity can be controlled by manipulating theilstab type and concentration. For
instance, at a starch concentration of <0.04 wt.%, the magnetite nanoparticles prepared at 0.1 g/L (as
Fe) were present as starditidged aggregates, which can be easily separated from water, yet displayed

a 5fold greate arsenic removal capacity compared to conventional bare magnetite particles.
Consequently, the bridged nanopatrticles offer a powerful means for enhanced removal of arsenic from
contaminated water or spent ion exchange brine. When applied to a simulata $ brine containing

300 mg/L As and 6% (w/w) NaCl, ned§0% removal of arsenic was achieved within 1 h using the
starchbridged nanoparticles at an Fe-As molar ratio of 7.6, compared to only 20% removal when

bare magnetite particles were usedcheasing NaCl in the brine from 0 to 10% w/w had little effect on

the arsenic sorption capacity. Maximum uptake was observed within a pH rangé.ofle Langmuir
capacity coefficient was determined to be 248 mg/g at pH 5.0, which surpasses other titergorted

capacity values. The final treatment sludge was able to pass the TCLP (Toxicity Characteristic Leaching
Procedure) based leachability of 5 mg/L as As.

/| 2YLX SGS LI NIAOES adGroAtATFGAZ2Y 2F nomBfstarthd CS 2
2N xndnnp siG®: /al ® ¢KS YSIFYy LINGAOES aAxil s 2F adl
and CMGstabilized magnetite, respectively. The stabilized nanoparticles can be used either for water
treatment or for in situ immobilization ofrsenic in soil and groundwater. When used for water
treatment, the starch and CM&tabilized nanoparticles offered 9.3 and 5.4 times, respectively, greater
arsenate sorption capacity than the commercial magnetite particles, based on isotherm tests.r€dmpa

to CMGCstabilized nanoparticles, staredtabilized nanoparticles not only offered greater sorption

capacity, but also faster adsorption rate owing to its nearly neutral surface potential. For a nanoparticle
suspension of 0.1g/L as Fe, increasing staaficentration from 0 to 0.04 wt.% converted the gravity

settleable aggregates of magnetite into fully dispersed nanoparticles and increased arsenate uptake by

2.2 times. Further increasing the starch concentration to 0.1 wt.% resulted in smaller nanlgsaaind

a furhter increase in arsenate uptake by 14%. A weak external magnetic field was able to completely
separate the spent nanoparticles from water.

Preliminary results indicated that the stabilized nanoparticels can be used for in situ injection into
contaminated soil or solid waste, thereby facilitating effective immobilization of arsenic. Column
breakthrough tests revealed that both starciind CMGstabilized magnetite nanoparticles were highly
transportable through a sandy soil. For example, at a pore velocity of 0.213 cm/min and an influent
nanoparticle concentration of 0.1 g/L as Fe stabilized with 0.04 wt.% of starch, the full breakthrough
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concertration of the stabilized nanoparticles reached 90~95%y0fY€t, once delivered in positions (i.e.

upon removal of external injection pressure), the nanoparticels would remain immobile, serving as a
permanent sink for prolonged arsenic immobilizatidfig. 1 shows the column elution histories of
arsenic from an Akden sandy soil column. The results indicated that the magnetite nanoparticle
suspension reduced leachable As from 10.5% to 1.5% during a ~30 pore volumes column run. When
subjected to TCLP testfie nanoparticle treatment reduced the TCLP leachability of arsenic by >50%%
compared to the wateamended soil sample.
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Fig. 1 Arsenic elution histories when an-kslen Fig. 2 Arsenic elution histories when a
sandy soil was eluted with groundwater and a nanopatrticle treated and a fresh poultry litter
nanoparticle suspension (0.Fee/L, 0.04% starch).  were eluted with simulated rain water.

The nanoparticels weralso effective for immobilizing arsenic in a poultry litter. Batch desorption tests
indicated that at a litter to particle suspension ratio of 1g to 100 ml (0.5g/L Fe nanoparticles with
0.2wt.% starch), the nanoparticles reduced the aqueous arsenic camatiemt from ~130 ppb (in
control) to <20 ppb in 30 minutes. Column elution tedtiy( 3 showed that when 2 g of the poultry

litter was treated with 0.5 g as Fe of the nanoparticles, the arsenic leachability was reduced by ~889%,
compared to untreated fres poultry litter.
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THE CONTRIBUTIONIANDFILL GAS TO RBMBLE ENERGY PRODOQT

H. Amini* and D. Reinhaft
'PhD Candidate, University of Central Florida, Orlando, FL, USA
“Assistant Vice President of Researdbatnmercialization, University of Central Florida,
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* 4000 Central Florida Blvd, Engineering Building II, Room #211, Orlando, FL 32816
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Landfills are currently the ast costeffective approach in managing municipal solid waste in the US,
with more than 54% of the generated municipal solid waste landfilled in 2008. One potential revenue
source for landfill owners is collecting and utilizing landfill gas (LFG) to mroeluergy from the
methane content. LFG to energy (LFGTE) facilities can result in a positive cash flow through energy sales,
carbon credit trading, and tax credits for producing and using renewable energy. Acknowledging the fact
that the methane is beingrpduced from biomass, LFG is considered a renewable energy resource in
almost all US statestablished renewable portfolio standards. This fact encourages landfill owners to
invest in LFGTE for both environmental and economic benefits.

Changes in regulains and policies, as well as improved operating procedures, are likely to occur during
the lifetime of LFGTE projects and affect their economic viability. Recent economic debates regarding
controlling greenhouse gas emissions have focused mainly on termassos, carbon tax and carbon
trading. Although conceptually simple to understand, policy makers and public communities are
currently less likely to discuss the establishment of a carbon tax due to the recent economic recession.
Yet businesses have in tipast shown interest in the rising carbon trading market. The US voluntary
carbon trading market was valued over $0.7 billion in 2008 (compared to $0.3 billion in 2007 and $0.1
billion in 2006).

Cost and revenue factors can be analyzed to study the ecanparameters affecting LFGTE projects

and facilitate managerial and operational decision making. In this project, LFGTE potential was
estimated for the state of Florida, as a cadady demonstration, using a modified version of the US EPA
LandGEM modelyith consideration of model uncertainties. Total benefit and cost, marginal benefit or
cost, feasibility threshold, and return of investment were studied for a typical landfill. Costs and
revenues were calculated using a modified version of the Bioreacodfill Economics Model (BLEM,;
Berge et al., 2009). Also, a sensitivity analysis was done to study the effect of changing economic
parameters on the viability of LFGTE projects, considering various scenarios of policies, renewable
portfolio standards, an@peration procedures.

Outcomes showed that Florida landfills operators could avoid approximately 320 JdBEcollected
greenhouse gases and potentially generate over 80 billion kWh of electricity from LFG during the 2010
2035 timeframe. This energygmuction would be equivalent to removing some 70 million vehicles from
Florida highways or eliminating the need to import over 800 million barrels of foreign oil. With
approximately half of Florida landfill energy potential used at present, there isunitgpped capacity

for LFGTE. Furthermore, studying the renewable power density of Florida landfills showed that LFGTE
could provide a power density as high as 1@W ranking above wind and ocean heat and comparable

to geothermal, tidal, and hydro energyrhe power density could be further increased by using the
closed landfill site for other means of renewable energy production. For example, flexible membranes
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with photovoltaic cells have been installed at the Tessman Road Landfill, San Antonio, Bexas2L3
hectares of land to produce 182 MWh of solar electricity.

Additionally, preliminary outcomes from the economic analysis show that, landfill operation under the
basecase assumptions result in a net cost, revenue from operating a LFGTE &ilitg|l as trading
carbon credits in the voluntary owhe-counter market would make the project economically feasible.

In the absence of a federal renewable portfolio standard and carbon trading scheme, the fee received
for waste disposal and electricigales are the main economic revenues for landfill owners. Evaluating
net benefit under variable electricity sales prices showed that the landfill could significantly benefit from
minimal increases in pricing. The most economically beneficial scenarjpeiating the landfill as a
bioreactor cell. Bioreactor operation, revenue from LFGTE production, and trading carbon credits
increase the net benefit significantly and result in a 32% return of investment, 10 years earlier than in
the base case. Overall, @y sales revenue from a LFGTE facility could significantly affect the economic
feasibility of landfill projects despite the fact that, in the current US voluntary carbon market, revenue
from trading carbon credits is minimal. However, policies and réiguls favoring carbon trading will
promote the value of renewable energy production at landfills.
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INFLUENCE OF LOCAD/ALOBAL SOURCESIBNNSIENT AIRBORNE
PARTICULATE MATTERELS IN HOUSTONXAE

S. Chellant, K.S.K. DanadutaN.J. SpadaM.P. Frasér and J.M. Prospefo
!Department of Civil and Environmental Eregiring, University of Houston, Houston, TX
School of Sustainability, Arizona State University, Tempe, AZ
3School of Marine and Atmospheric Sciences, University of Miami, Miami, FL
*Corresponding author. Department of Civil and Environmental Engineering, University of
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Background.Airborne particulate matter (PM) contributes to haze, acid raiobagl climate change,
asthma and other respiratory ailments, cardiopulmonary disease, and decreased life expe&ancy.
portion of the toxicological response of PM is thought to arise from the metals content of PM.
Additionally, particulate metalsoncentraton data can be employed as inputs to souraeceptor
models to identify emission sources necessary to develop effective air quality management strategies
Hence, accurately measuring metals in atmospheric PM is an important aspect of identifying their
sources and impacts on human health and the environment.

Atmospheric particles originate directly from natural sources and human activities (primary particles) or
condense from gaseous precursors (secondary formation). Sources of primary particles malisdieail
activity, combustion of biomass, coal, and oil, motor vehicles, resuspension of crustal material, etc. In
addition to these local sources, trade winds carry a portion of the 160 to 760 teragrams of dust emitted
from the SahareéBahel region in Ntin Africa to the continental United States [1]. This research
specifically focuses on transient variations in aerosol concentrations in the greater Houston area caused
by industrial malfunctions, equipment stanp or shutdown, incursion of smoke from CeaitAmerica,

and aeolian North African dust.

Objectives. This presentation will (i) describe the development of a novel analytical method for
particulate trace metals using dynamic reaction cell inductively coupled pla;smass spectrometry

(DRACRMS), (ii) provide evidence for unreported emissions of (meJ >
Hdp anld (coarseo f M N1 partics® by petroleum reflmngS ] E :N'i

operations, and (iii) investigate a particular North African dust episoéeﬁf - 2
which increased PM levels in Houston over@a$ period in 2008.

Results and discussion

DRGICRMS.PM samples were first digested using HF, klN@d HBG
in two stages in a mrowave oven each with set points of 200 °C, 205 i w
psig, and 20 minutes dwell time. We recently improved measuremengsre 1. Excellent. Egﬁése”?%meeﬁtt(?g%ween
of key aerosol elements including Al, V, Cr, Fe, Ni, Cu, and Zffclgyfield and DRC IG®S. From [2]
exploiting ionrmolecule reactions in a dynamic reaction cell withs {2l TS G
Other elements (Na, Mg, Si, K, Ca, Sc, Ti, Mn, Co, Ga, As, Se, Rb x
Mo, Cd, Sn, Sbh, Cs, Ba, Pb, Th, and U) and lanthanoids (Y, La, Ce,
Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yb, and Lu), which are important
source apportionment studies, weralso measured. Intelaboratory ™
comparison using sector field KBS demonstrated the accuracy of DRG& s

ICRMS (Flgure 1). F|gure2 Satelllte |mageof the Gulf
of Mexico showing longange
transport of Saharan dust to
Houston Texas.

DRC-g-ICP-MS meas
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Monitoring industrial emissionsThe novel analytical method described above was used to determine
the elemental composition of ovet50 PMy samples collected from an industrialized sit@/Ce ratios

in a small fraction of the samples were > 1 as it is in source samples from refinery cracking catalysts.
Also, the heavy lanthanoids Tm and Lu were almost always below their deteatiorfdi018 ng 1),

but were detected infrequently. These same Bamples also exhibited elevated concentrations of all
lanthanoids, typically 1@ 20 fold higher than the median value. These observations suggest episodic
releases of fluidized bed catalytic cracking catalysts from petroleum refineries located initlity Gt
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collected on May 27, 2009 between 12:00 noon and 6:00 pm Central Daylight Time were strongly and
positively correlated with corresponding aveeagalues measured in refining catalysttie abundance

sequence of the major lanthanoids were identical in cracking catalysts and this particular sample
(La>Ce>Nd>Pr>Gd~Sm>Dy). Enrichment factors for all light lanthanoids with respect to their average
conentrations in cracking catalysts using Nd as the reference were close to unity. Therefore, fluidized

bed cracking catalysts appear to be primarily responsible for lanthanoid enrichment. Higher airborne PM
concentrations can be attributed to an emissionsetin one of the local refineries that released

catalyst from the fluidized bed cracking unit to the atmosphere.

North African dust episodeSatellite imagery tracked the transport of dust from North Africa to Houston
between July 25 and July 27, 200Bigure 2). During this period, Tapered Element Oscillating
Microbalance samplers operated by the Texas Commission on Environmental Quality (TCEQ) measured
higher PM s concentrations throughout southeastern Texas. We also measured elevated levels of coarse
and fine particles collected on Teflon membranes (Figure 3). As observbdu®$M s mass levels rose
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48 elements, including lanthanoids, were quantified to apportion
PM mass. The crustal elements (Al, Na, Mg, Si, K, etc.) consistently
increasedwith mass, indicating their association with Saharan
dust. Al and Si followed a similar pattern with mass at both sites.
However, anthropogenic metals (Cu, Mo, V, Ni, Zn, etc.) stayed
consistent through the dust event at both Houston sites.
Elemental ratis of these elements also varied independently of
the dust event. The V/La ratio five days prior to the event ranged
between 9.3¢ 35.2 but was only 4.@ 17.2 during the event.
Similar metal ratios demonstrate the simultaneous contributions

Figure3. Elevaed PM levels during July 25, Of local and glbal sources. These data provide insightful

26, and 27 coinciding with satellite
observations of Saharan dust transport.
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nformation on the prevalence and nature of these lemgnsport

aerosols, which consistently impact the local atmospheric
chemistry. Orgoing work is focused on chemical mass balance calculations and enricliaosmt
analysis to better quantify the Saharan dust contribution to total aerosol mass.
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CHARACTERIZING UNDHRTY IN ATMOSPHERRESPONSE MODELING

Daniel S. Cohan*
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Atmospheric nadels are relied upon to simulate not merely the concentrations of various pollutants,
but also their sensitivities to perturbations in conditions. Most prominent for environmental policy
applications is the sensitivity of concentrations to changes in ®oms. Those sensitivities underlie the
relative response factors that derive the selection of emission control policies in the development of SIP
attainment plans. However, whereas simulated concentrations can be evaluated against ambient
observations, tkre is no direct gauge of model performance or uncertainty in simulating concentration
emission sensitivity relationships. Characterizing the uncertainty of those sensitivities could help inform
decisionmaking about the amounts and types of emissions mst needed to attain air quality
standards in a costffective manner.

This talk will review various approaches that have been deployed by the speaker and other scientists to
characterize the uncertainty of pollutargimission sensitivities in atmosphemaodels. The approaches
utilize sensitivities computed from photochemical models using either the-biigar decoupled direct
method (HDDM) or brute force finite differencing. While HDDM enables more computationally efficient
calculation of higkorder sengivity coefficients, it is not available in some photochemical models or for
processes involving particulate matter. Although formation of ozone and secondary particulate matter
are highly nonlinear, accuracy testing showed that these nonlinear relaijpwsban be well
characterized by Taylor series expansions involving secadet crosssensitivity coefficients. Accuracy

is well maintained even in predicting the sensitivity of pollutant concentrations to very large
perturbations in emissions, under velgrge perturbations in model input conditions (e.g., simultaneous
50% changes in emission rates and photolysis rates) from those that were used to establish the
predicted relationships.

Much of the work that will be discussed here arose from an EPA @BARinvestigating uncertainties

in the photochemical modeling that informs the development of State Implementation Plans. Actual
modeling episodes were taken from recent SIPs to serve as the bases of those analyses. Associated
papers introduced new techiques to more efficiently represent how parametric uncertainties in model
inputs generate uncertainty in predicted concentrations and sensitivities. However, those studies
neglected structural uncertainties in the photochemical models, which are beingrexpin ongoing

work. For example, predictions of ozone responsiveness to precursor emissions may be strongly
influenced by the choice of chemical mechanism or by method for generating the biogenic emissions
inventory. Ongoing work is jointly consideringrametric and structural uncertainties that could affect
predictions of the responsiveness of ozone to precursor emissions. Such efforts could highlight priorities
for improving the inputs to photochemical models.

Opportunities for applying Bayesian tethues using observational data to refine estimated probability
distributions will also be discussed. Ongoing work in our research group is exploring how two techniques
that have been utilized in previous atmospheric modeling literatuBayesian Monte Carl and
Bayesian Model Averagingould provide complementary information characterizig posteriori
probability distributions of pollutant responses to emission perturbations. Rather than assuming each
parametric or structural uncertainty case is equakgly, Bayesian approaches can utilize observational
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data for concentrations of ozone and its precursors to assign a relative weight or likelihood to each case.
Preliminary results from those efforts will be presented.
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THE ARKANSAS PEOPARTICIPATING LEAD EDUCATION PAE)
PROGRAM: CASE STUREDUCATION, OUTREA& PRACTICES FOR
SUSTAINABLE COMMUS AND LEAD MANAGENT

A. Ferguson*
'University of Arkansas for Medical Sciences, Little Rock, Arkansas
*College of Public Health at the UniversiyArkansas for Medical Sciences, 4301W. Markham
St., #820, Little Rock, AR 72209, USA, 501 526 6662, aferguson@uams.edu

The design of sustainable communities requires the engagement of multiple stakeholders, with unique
challenges for areas with ad infrastructure and multiple economic disadvantages. Lead, harmful to
human health, can be found in the paint and piping materials of older buildings, posing unique
challenges for especially impoverished residential ar8dse Arkansas People Participatiin Lead
Education (APPLE) Program is a collaborative effort between six Arkansas State, National and
Community Organizations to reduce lead exposure of Arkansas residents. This presentation will describe
the integrated approach to reducing human expasuo lead in Arkansas, compare the educational
material and outcomes from working with the multiple stakeholders/participants, and offer insights into
opportunities for interdisciplinary curricular development between engineering/science and public
healthschools/departments based on experiences thus far.

In 2009, Arkansas was listed as one of the unhealthiest states in the country with a 25% increase in the
number of children living in poverty over the last 10 years. Over half of the children in various
communities live in rented housing, a majority of which were built before 1975 when leaded paint and
pipes were routinely used. Many of these families must therefore rely on landlords to improve their
living conditions, by safely updating homes and remgviead sources. Exposure to lead comes
primarily from lead dust released during renovation activities, but also from paint chips in poorly
maintained homes.

APPLE started as a 1 year grant from the EPA in 2008 to implement lead awareness, lead rdining a
model municipal legislation to needy communities in Arkansas (Little Rock, North Little Rock, Pine BIuff,
Mariana, HelenaVest Helena and Conwayljable 1 summarizes the main educational components of
APPLE and the corresponding target audienéé®?LHosted handson, and effective "call to action"

lead awareness workshops and lesafe work practices training seminars that reached 300 local area
contractors and landlords. APPLE staff worked with city officials to implement municipal legislation
encouraing dissemination of information on leadfe work practices to contractors and individuals
seeking permits to renovate aisk structures in these communitieResults from 248 respondents at
these 8 hour trainings on leagkafe work practices showed théhere were positive shifts in attitude

and behavior towards leadafe work practices following training as other studies have found [2], but
that content clarification was desired for lead exposure sources and exposure routes to children [3].
April 2QL0 the Environmental Protection Agency implemented a new Renovate, Repair and Painting Rule
(RRP) [1] which requires certified lesdfe work practices training for any worker who disturbs more
than 6 f£ of lead based paint inside and 2G fif leadbasedpaint outside a target home or child
occupied facility.

Since April 2010, another 380 contractors and landlords have paid for training as a part of the new EPA
RRP certification requirement using updated training materials, and improved ‘wamrslsll sets. Two
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hour community seminars were also held reaching approximately 800 parents, and a one hour seminar
was designed for landlord association meetings of which 100 have attended to date. Meetings with the
Mayors from 5 counties resulted in the implentation of new requirements that contractors receive
project information upon filing of registration forms.

Table 1: Stakeholder groups and APPLE activity with the population reached in brackets.

Stakeholders 8 hour 1 or 2 hour PSAs/News/ Classes

course seminars Emai /Website

Contractors & Landlords X (300%)
X (380)

Landlord Association meetings X (100)

Parents X (800)

Mayors X (5)

University Students (Hazards X X

Control Course)

FENFAYSR F2NJ FNBS LINAPawbfod certifitalicdh aft@rtApril 201 0mn Qa wwt  NXzf

Through new EPA funding, the project has been expanded to include Data Gathering and Database
Development to identify and reduce lead poisoning in ursteidied aeas with high potential for
undocumented, elevated bloekkad. Data from Head Start Centers (i.e., 19 Head Start Grantees and up
to 300 small, midsize and large centers usually serving vulnerable populations) across Arkansas is being
compiled into one dabase for easy viewing and interpretation. APPLE is providing education and
outreach to doctors to increase their screening and reporting rates for Head Start patients and other
vulnerable children under their care. This information will lead to the dearaklnt of a Centralized

State Reporting System. Sustained relationships with contractors and research into city development
plans are important for identification of communities that might be at risk from exposure from lead
releases from drinking water pipg4] which is not incorporated into RRP training material. Partnering
with environmental engineering programs to develop that material and solutions for the target
populations we serve provides an opportunity for the creation of new curricular materiajben
interdisciplinary project based service learning courses, that educate our students whilst improving the
health and sustainability of the communities in which we live. Integration of lead activities into a holistic
healthy homes approach will also baucial directional changes for improving community health.
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LIGHIDUTYHYBRID VEHICLES: QUAYING REM/ORLDIAILPIPE
ULTRAFINE PARTIEIMHSSION RATES UNDER D, HILLY CONDN$)

B.A. Holmén*, M.K. Robinson, K. M. Sentoff, M.B. Conger
School of Engineeringhe University of Vermont, Burlington, Vermont, U.S.A.
*33 Colchester Ave, 301 Votey Hall, Burlington, VT 05405 (8023358
britt.holmen@uvm.edu

Very little realworld data exists in the literature on the tailpipe emissions of hybtattric vehicles

(HEVS), especially lighuty, gasolingpowered hybridelectric passenger cars. This is especially true for
emissions and performance metrics evaluated under actualoan driving conditions, and even more

so for terrain and climate conditions routinely encountered in northern mountainous states like
Vermont. Innorthern states such as Vermont, there are unique topography and climate factors that

affect motor vehicle use and emissions and associated air quality. These factors include: (i) high road
grades that increase the powelemand load placed on the interhaombustion engine (ICE); (ii) low

winter temperatures that limit hybrieelectric vehicle battery performance; and (iii) driver behaviors

GKFG T FFSOG 3aINBIALGS aO02fR adGlNIé¢ SYrAaairzya O6gAy
heaters). Thughere is a need for reakorld data on HEV use, operation, emissions and performance as

a function of ambient temperature and road grade in order to better quantify . It is important to identify

the environmental conditions that have significant impact alternative vehicle performance and
SYyrAaairzyas o6SOFdzaS GKS Lzt A0Qa LISNOSLINIAZ2ZY 2F @SK
and this will, in turn, affect local and regional air quality.

Ultrafine particles (diameter less than 100 nm) weguantified in the exhaust of two 2010 model
Toyota Camry vehicles during repeated runs of a 32 mile route in Chittenden County, Vermont by a
single driver to assess the relative particle number emissions between the conventional and hybrid
electric propusion system. The hybrid vehicle had a-hrsepower, 2.4 liter, €ylinder ICE and a 105

kW permanent magnet AC synchronous electric motor powered by sealed -niekal hydride
batteries. The conventional vehicle was powered by a-i@&@epower, 2.5 ler, 4-cylinder ICE. Both
vehicles were equipped with the same emissions control devices. Using the University of \(dmailont
the¢9a{ O64a@2MNRE ¢hWfLALIS 9YA&ZAA2YA aSlIadNBYSyid {eai
and gas emissions as well @shicle location (by GPS) and engine/vehicle operating parameters were
recorded secondby-second as the vehicles traveled in the realrld transportation network. Road
grade was independently measured by the Vermont Agency of Transportation and joitieel vehicle
emissions and performance database to enable evaluation of road grade effects and calculation of
vehicle specific power (VSP) using locaBpecific road grade.

Particle number concentrations and emission rates (PNERS) for therigityg portion of the route were
surprising: the hybrid vehicle had cumulative and average PNERs that were 2highesthan the
conventional vehicle of the same Camry model year. The ability of the TOTEMS package to measure
secondby-second emissions and engi parameters enabled more detailed analysis of the vehicle
operating regimes that led to high particle number emissions from the hybrid. Both vehicles had
elevated particle emission events during acceleration from stops and at high road grade, but the
frequency, magnitude and duration of the elevated particle emissions events were all higher for the
hybrid vehicle compared to the conventional (Figure 1). These particle emissions data are especially
surprising given that the ICE on the hybrid vehicle afasip to 57% of the time during city steand-go

driving.
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The realworld emissions data measured in this study call into question the air quality benefits
associated with hybrigtlectric propulsion systems for lighuty vehicles of the Toyota planeata

combination hybrid design under the conditions studied. Further analysis of the hybrid operating

LJ N YSGSNE AYyRAOIGS GKIG StES@OFGSR LI NGAOES ydzyo S
episodes that apparently involve fuel enrichment and aiged particle formation.
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Figure 1. Particle number concentrations (#ah 1Hz resolution) from conventional (top) and hybrid
electric (bottom) Toyota Camry vehicles over city portion of driving route.

119 2011 AEEP Education & Research Conferendaiversity of South Florida



Advances that Assess and Improve Air Quality and Waste Management

APPLICATION OF BINARY MIXTURNM¥FSTRIAL SOILD WASTES IN CONCRETE
MIXES

Enas A. AHashmt, Jinglan Horfg Zainab Z. Ismall
'Consultant Bureau for Environmental Researches and Projects, Technological University,
Baghdad, Iraq.
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3Department of Environmental Engineering, Baghdad University, Baghdad, Iraq.
" Dept. of Environmental Engineering, Baghdad University, +9647709023240,
zismail3@gatech.edu; zismail9@gmail.com

Introduction In view of the recent global demand fasingsustainable materials, recycling is a logical
option for materials not suitable for composition. Metal and plastic are the most common of these
materials. With increasing environmental pressure to reduce wpstkition, the concrete industry has
begun adopting a number of methods to achieve these goals [1]. Reuse of industrial solid waste as a
partial replacement of aggregate in construction activities results in reducing the demand for extraction
of natural mw materials as well as saving landfills space [2]. The quality of aggregate is highly important
since approximately thregquarters of concrete volume are occupied by aggregate; it greatly affects the
strength, durability and the structural performance adncrete. Iron smith processes as well as plastics
manufacturing plants generate significant amounts of iron filings and plastic wastes, respectively. These
types of wastes create serious environmental problems, mainly due to theibimategradability and

the inconsistency of the wastes streams. Several studies dealt with incorporating a single type of waste
in concrete mixes, none of them concerned about utilizing a mixture of waste materials. The aim of this
study is to evaluate the influence of recydimixed iron filings and granular plastic waste on the
fundamentalmechanical properties of concrete mixes.

Materials and methods Type | Portland cement was utilized in this study. Natural sand of 4.75 mm
maximum size and crushed stone aggregate of maminsize 20 mm and bulk density of 1545 kg/m
were used. Waste iron filingsvere collectedfrom local iron smith workshops as theynormally
generated in tremendous quantitieom this type of industry Granular waste plastic represents the
discarded waste allected from plastic manufacturing plants. It consists of approximately 80%
polyethylene and 20% polystyrene.

Experimental procedurePlain concrete mixes consisted of 715 kisand, 1020 kg/mgravel, 380
kg/m*cement and a water to cement ratio 6f53 were prepared as reference mixes (M0). Three types
of wasteconcrete mixes; M1, M2, and M3 were prepared using waste iron filings to replace sand by 10,
15, and 20%, respectively with the granular waste plastic to substitute the sand by 2% weitjbh frac

All the concrete mixes were cured for 28 days.

Testresults anddiscussionThe compressive and flexural strength tests outcome for the concretes made
with iron and plastic wastes are presented in Figure 1. The results demonstrate that as the nasie
contents increase in mixes M1, M2, and M3, the tendency of compressive strength and flexural strength
increase above that for the plain mix by 2.2, 4.3, and 6.4%, respectively for the compressive strength
and by 6.8, 16.9, and 23.7%, respectivelythe flexural strength. This tendency could be attributed to
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pozzolanic effect of iron filings that overcomes the retardation of hydration caused by the
hydrophobicity of waste plastic.
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Fig. 1. Compressive strengths and flexural strength for the plain and wasteete mixes at 28 days
curing using waste iron filings to replace sand by 10, 15,2884 in the presence of 2% granular waste
plastic.

The results of the slump tests indicate that as the waste aggregate content increase, the tendency of
slump values slightly decrease below the slump of the plain mix. In spite of this decrease in the slump
values, the mixes were workable. The decrease in slump values could be attributed to the assumption
that waste particles are larger than sand as well as having sharper and more angular grain shapes.
Moreover, as the content ratio of the mixed wastes iraged, additional cement paste attached to the
surface of the waste resulted in less available cement paste required for concrete fluidity.

Colors of the waste materials did not have any noticeable effect on the prepared -c@stecte
specimens.

Conclusin It can be concluded that this binary mixture of solid waste materials can be used in concrete
mixes without hindering its mechanical properties up to the composition range used in this study. This
study is exploratory, requires further work and inveatigns to assess the possibility of increasing the
fraction of waste materials beyond the range used in this study.

AcknowledgmentsThis work was funded by thdinistry of Housing, Iraq.
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Globally, an estimated 8 million chemical substances are commercially available. International
regulations requiring registration of these substances are intended to protect human health and the
environment. The European Chemg Agency (ECHA) List of Preregistered Substances includes about
143,000 substances and the U.S. EPA Toxic Substances Control Act (TSCA) inventory currently contains
about 83,000 registered chemicals. About 15,000 additional substances are registered aihee
legislation in the U.S. and between 500 and 1000 new chemical substances are produced annually. The
majority of these chemicals lack enough information to fully characterize their potential impacts on
human health and the environment. Thereforegtheed for new approaches has been recognized and

is currently being addressed with emerging programs globally: (1) the new substances provisions of the
Canadian Environmental Protection Act (CEPA) and (2) the Registration, Evaluation and Authorisation of
Chemicals (REACH) in the European Union. These approaches integrate both exposure and hazard as
commensurable components in the process of categorization, screening and prioritization for risk
assessment. Following recommendations of the National Resé&zwancil (NRC), the U.S. EPA has also
been developing systems approaches to evaluate chemicals across their entirgcldein a holistic
framework!

New efforts to manage chemical risks call for hazard information to be interpreted in the context of
exposure information. Unfortunately, the exposure scenarios associated with many products are not
well characterized by simple approaches to exposure assessment for a number of reasons, including: (1)
the relevance of surrogate exposure estimates; (2)heber of sources and pathways through which
exposure may occur; (3) the heterogeneity of concentration in multiple medium; and (4) significant
spatial and temporal variabilityTherefore, prioritizing tens of thousands of chemicals call for advanced
techniques in decision making under high uncertainty.

A key challenge to developing new models and approaches exists in establishing which information
sources, criteria and metrics should be used in factoring exposure into prioritization schemes. In April
2009, the U.S. EPA issued an exposure based prioritization challenge to several exposure modelers. By
evaluating the exposurbased rankings produced from these efforts, EPA can leverage knowledge
across the exposure science disciplines to gain a betterrstateding of how existing exposure models
evaluate potential exposures and subsequently rank a set of chemicals.

'USEPA (2009a). The U.S. Environmental Protection Agen®@bs Strategic
Office of the Science Advisor Science Policy Council,Washington, DC.

2 USEPA (2009b). A Conceptual Framework for U.S. EPA's National Exposure Research Laboratory. Office of Research and Developmen

Washington, DC.
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In this study a gap analysis of these efforts was conducted to elicit the expert judgment of the
proprietary modeling efforts. The gap anatysvaluates the assumptions, defaults, relevant data
sources, and decision criteria used to rank the given set of chemicals. Based on a set of benchmarking
chemicals, an expected performance level is determined for each model, and then used as a basis for
comparison.

The overall gap analysis of the models addresses critical modeling components in the linked models
across the exposure to effects paradigm: emissions, environmental fate and transport, distribution (i.e.
concentration in environmental mediadnd exposure. These challenge experiments use complex
proprietary models that integrate component processes across the exposure continuum. Comparing the
ranking results from these efforts was challenging because of different thresholds, interactionsshetwe
input factors, and the mixture of continuous and discrete inputs. Analysis of variance (ANOVA) provides
a robust approach to identifying key controllable inputs as well as sources of uncertainty from
independent model3.A preliminary analysis leads iesights regarding the factors driving the ranking
results despite uncertainty. Preliminary results show agreement between ranking models for the given
challenge chemicals based on the relative intake fraction for adults with constant unit emissions rates
and in the absence of mode of entry information. When information is introduced on assumed or
predicted routes and pathways of exposure (i.e. use scenarios), actual emissions rates and internal dose
metrics (from Absorption, Distribution, Metabolism andcEetion (ADME) processes), discrepancies in
estimated exposure levels are observed. Future work includes a value of information analyses to
guantitatively assess the importance of these types of information as they relate to risk rankings within
a priority setting decision framework.

% Mokhtari, A. and H. C. Frey (2005&Bensitivity analysis of a twdimensional probabilistic risk assessment model using analysis of variance."
Risk Analysis25(6): 15111529.
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yale University, New Haven, CT, USA
ZJapan Society for tHeromotion of Science, Tokyo, Japan
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"Department of Chemical and Environmental Engineering, Yale University, New Haven, CT
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Physical processes affecting the sources and character biological aerosols in indoor air are poorly
understood. From particle dynamics theory, and based on findings for total aerosols, potential sources
of airborne microorganisms are closely related to lmoccupancy (Ferro et al, 2004; Thatcher and
Layton, 1995). We hypothesize that resuspension is a dominant source of airborne microbial material in
indoor environments. To test this hypothesis, sieeolved concentrations of total and biological
material in indoor air were quantified in classrooms under occupied and unoccupied conditions. The
microbial diversity of potential bioaerosol sources (outdoor air, floor dust, and human skin) was
identified via ribosomal RNA encoding gene analysis/next gener@liA sequencing to assess the
similarity of indoor air microorganisms to the microbial population of potential sources.
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occupied case. Particle size distributioffirina vacancy

(PSD) for total aerosols in the occupied cases follow the predicfions a previous study in which

larger supemicron particles are more effectively resuspended (Thatcher and Layton, 1995). Bacterial
size distributions (BSD) under occupied and unoccupied cases corresponded with the physical size of
bacteria (~1 to 3 @m), suggesting that most bacteria were not highly agglomerated or attached to other
significantly larger particles. Less than 1% of the total aerosol mass was from bacteria during the

occupied time.
Microbial ecology descriptions and analysis suggest that bacterial populations in indoor air are similar to

populations in floor dust and less similar to populations in outdoor air and on human hands. These
results reinforce the significance of human ocatipn for increased indoor air bioaerosol
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concentrations and suggest that under our experimental conditions, resuspension of floor dust, rather

than shedding or ventilation, is the dominant source of airborne microbial material when people are
present.

=]
)

Figure 2 Phylogenetic distanebased principal
component analysis of microbial communitie
in indoor air (blue stars), outdoor air (gree
triangles), floor dust (purple circle) and har
microbiota (red squares).
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In conclusion, occupancy is a stgp source of indoor bacterial aerosols. The marked differences
between total particle size distributions and bacterial size distributions of our samples suggest that size
dependent aerosol models and exposure calculations that use total aerosols as gaserfiar microbial
aerosols may incorrectly predict concentrations of and exposure to airborne bacteria. Next generation
DNA sequencing and recently developed bioinformatics analyses of microbial community populations
indicated that resuspension from flogr and not direct particle shedding from humans, was the
dominant source for indoor bacterial bioaerosols.
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A sustainable wastewater treatment strategy should develop a clisep materid flow by recycling

and reusing the water resource and waste materials. The sludge generated from municipal wastewater
treatment plants has become an increasingly serious solid waste problem for many regions in the world,
particularly for those densely popated urban areas. On the other hand, the huge quantity of industrial
wastewater sludge generated from many heavily industrialized areas in the world is imposing a very high
burden to the local environments. For example, landfilling is currently the megns to dispose of
nearly 900 tonnes of dewatered municipal wastewater sludge produced in Hongeengday and is
apparently not a sustainable method in the long term wastewater treatment strategy. As situated on the
spine of Pearl River Delta (PRByion, Hong Kong is also strongly influenced by the environmental
impact of industrial activities in PRD region. The PRD has become the world's workshop and is a major
manufacturing base for products such as electronics, textiles, plastics, and a raoipenfoods. The
industrial waste sludge generated from these manufacturing activities is often of high concentrations of
hazardous metals and is therefore subject to stringent pretreatment requirements before being
disposed in qualified landfills. Althomghermal treatments (incineration, pyrolysis, gasification, etc.)
have been proposed to largely reduce the sludge volume needed for disposal, the metal concentrations
in the resulting incineration ash will be enriched and require further consideratidimein stabilization
process.

The goal of beneficially using waste sludge or its incineration ash for marketable products is to provide
an opportunity to achieve a closddop for a more sustainable material flow. However, how the
hazardous metals can be safely and reliably stabilimethe products is anajor challenge for such
development.In this study, thefeasibility of stabilizing nickalr copperladen sludgeor its incineration
ashwith commonly available ceramic precursavas investigated. High metal incorporation efficiency
was achieved via forming Nj@&k, and NiFgO,, CuAIO, spinels through the reactions with aluminurich

and ironrich raw materials commonly used in construction ceramics. The MiAvas the
immobilization phase produced when mixtures of NiO were sintered (€80@ithg-ALO;, corundum,
kaolinite, or mullite, as aluminusrich precursors. Analogously, NjBgwas the stable phase produced
by firing (>600C) NiO with hematite as an imaich precursor.The sintering experiment of CuO and
alumina mixtures revealed that the optimal sintering temperature for gDAformation was around
1000°C. Quantitative Xray Diffraction (XRD) analysis was further applied to reveal the different nickel
incorporation efficiencies in the sintering systems.

Prolonged leach tests of potential products of nickeld copperphases were carried out in acidic
environments similar to TCLP to evaluate the durability of sintered prodBotf. aluminate and ferre
spinels proved superior toickel and copper oxidefor the immobilization of nickebr copper The
leaching behaviofcongruentor incongruentdissolutior) of product phasesvasalso analyzed through
the leachate composition, together with the potenti@precipitationmechanisms on the product solid
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surface.Furthermore, the detoxification effect of Cuyf} was tested through bacterial adhesion with
Escherichia coK12, and thecomparison of bacterial adhesion on CuO and €uAlurfaces shows the
beneficial detoxification effect in connection with the formation of the GOAEpinel. While current
cement solidification/stabilization technologies are not generally successful réwepting metal
mobilization in acidic environments (i.e., pH < 4.0), this study has demonstrated the success of
stabilizng metalladen sludgeor its incineration aslirom a widerange ofceramicprecursors With the
information reported, this study hasethonstrated the potential of a reliable waste-resource strategy

for the hazardous metals problem in sludge and thus may facilitate the development of a more
sustainablevastewater treatmenindustry.
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ENVIRONMENTAL ANDASIAL FACTORS AFRRGTMETHANOGENESIS
INITATION IN SOLIDASTE
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%Civil, Construction and Environmental Engineering, NC State University, Raldi@A NC
*3301 Benson Drive, Suite 301, Raleigh, NC 27609; (9198t (919) 86:6878;
bstaley@erefdn.org

Anaerobic decomposition of organic matter occurs in both natural (e.g., soil, peat bogs, digestive tracts)
and engineered (e.g. landfills, anaerobigesters) ecosystems. The primary gmdducts of anaerobic
decomposition are methane (GHand carbon dioxide (GO Upon landfilling, rapidly degradable
materials within the refuse anaerobically decompose resulting in an accumulation of volatiledatsy
(VFAs) and a commensurate drop in pH to a minimum ranging between 5.5 and 6. The low pH, high
carboxylic acid conditions, which has been referred to as the anaerobic acid phase in solid waste
decomposition, have been shown as inhibitory to methagmigArchaeain analogous ecosystems such

as peat and the rumen. In contrast to these findings, methanogenesis initiation occurs under these
conditions, indicating the mechanism by which methane production begins in refuse is poorly
understood.

There a@e two theories for how methane production initiates in landfills. One is that methanogenic
Archaea(i.e. methanogens) tolerant to the low pH, high VFA conditions consume acids until the bulk pH
is suitable for the establishment of methanogens that gravder pHneutral conditions. The second
theory is that spatially isolated areas of neutral pH exist while bulk pH is acidic and these localized
regions of neutral pH act as initiation centers for methanogenesis. The goal of this study was to test
these two theories and validate their importance relative to methanogenesis initiation in refuse.

To evaluate methanogen acid tolerance in decomposing refuse, three liquid inocula were derived: (1)
refuse just entering active decomposition, (2) waicomposedrefuse and, (3) peat. Under high VFA
concentrations, results showed methanogenesis initiation occurred at pH minima of 6.25, 5.75 and 5 for
actively decomposing refuse, welecomposed refuse and peat, respectively. The hydrogenotrophic
Methanoculleusgenus facilitated methane initiation in actively decomposing refuse (pH 6.25) while
Methanosarcinatriggered methane production in wellecompose refuse (pH 5.75). In peat,
methanogenesis was facilitated by an uncultutddthanosarcinales This suggests igctolerance under

low pH(i.e. 5¢ 6.25), high VFA conditions may be relatively common provided sufficient acclimation
time. However, methane production rates at lower pH were found to be 3 to 6 fold lower than those at
neutral pH.

To evaluate the spatial influences on methanogenesis initiation, fresh refuse was placed into laboratory
scale reactors, decomposed to the anaerobic acid phase, and destructively sampled when
methanogenesis initiated. The active bacterial and archaeallations were evaluated using RNA
clone libraries, RNA-RFLP and RJPCR. Measurements from eiglige core samples from vertical

and horizontal sections of each reactor showed large spatial differences in refuse pH (Figure 1), moisture
content and VFA ancentrations. No pH neutral niches were observed in reactors prior to
methanogenesis. RNA clone library results showed most bacterial activity was attributed to the
Clostridialeorder. Methanogeni@drchaeaactivity at low pH was catalyzed Methanosacina barkeri

After methanogenesis began, pH neutral conditions developed in high moisture content areas
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containing substantial populations dfl. barkeri These areas expanded with increasing methane
production, forming a reaction front that advanced low pH areas. In the absence of pH neutral
niches, this study suggests methanogens tolerant to low pH, subh barkerj are metabolically active
under the low pH, high VFA conditions typically present during the anaerobic acid phase of refuse

decompodion.
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Figure 1. Summary of typical pH values measured in decomposing refuse versus reactor depth.
Maximum, minimum, and average pH values are shown for clarity.
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IS IT TIME TO STOP USING POTABLE WATER TO FLUSH TOILETS? ECOLOGIC/
DESIGNRINCIPLES SAY YES, BUT HOW FEASIBLE IS IT?

D.S. Apul*, C. Anand, H. West
University of Toledo, Toledo, USA
*2801 W. Bancroft St. MS 307, Toledo, OH, 43606
(phone) 419 530 8132, fax (419 530 8116), defne.apul@utoledo.edu

¢2RI &Qa ¢ (SNJ the/otitbhma of AtinOustdaNBvalutibbdkBd design that are now at

odds with the current sustainability paradigm. A new vision is necessary towards developing sustainable
infrastructures. In the first part of the presentation, such a vision will be gimesl. This vision was
developed by compiling a list of 99 ecological design principles from eleven authors. These ecological
principles were grouped into three themes: (1) human dimension, (2) learning from nature (biomimicry),
and (3) integrating natureBiomimicry concept was further divided into six ghlemes; (1) complex
system properties, (2) energy source, (3) scale, (4) mass and energy flows, (5) structure, and function,
and (6) diversity and cooperation. These themes offered new perspectives diar wfrastructure
RSaA3ady GKIFIG INB OdzZNNBydGfte YAaairy3d -deptralizedl Rdagivea RS aA
infrastructure, natureinspired and more diverse ways to move and treat water, and matching water
guality to its intended use areome examples of these perspectives. In addition, ecological design
principles suggested that the water infrastructure should be conceptualized in a more holistic way by
not only considering water supply, treatment, and storm water management services lbat a
integrating into the design problem other provisioning, regulating, cultural, and supporting ecosystem
services.

While a vision is the necessary first step towards solving a problem both in the engineering and
sustainability contexts, the feasibiligf implementing the recommendations should also be evaluated.

For example, based on ecological design principles, the use of potable water to flush toilets is a major
inefficiency and should not be practiced. Yet, are alternatives to potable water usfvéa Ay (2RI &
conditions? In the second part of the presentation, this question will be answered for existing buildings

at The University of Toledo.

Toledo is located in the Great Lakes area. Water shortage is not an issue for this location, yetexcessi
surface runoff and combined sewers create regional environmental problems. In addition, use of
potable water to flush toilets increases the energy demand and associated greenhouse gas emissions of
the water infrastructure by increasing the treated volesnof both drinking and wastewaters. Use of
harvested rainwater in toilet flushing can help alleviate these problems. The feasibility of implementing
this strategy and its economic and environmental implications were studied for the Engineering
Complex andCrossings Dormitory buildings at the University of Toledo.

The Engineering Complex is an office and classroom type building with approximately 2,200 faculty,
staff, and student users. This study showed that, for the Engineering Complex, the use otaainwa

low flush toilets would have been a viable choice had this design approach been implemented at the
time of building construction. Compared to the use of standard toilets, the rainwater based low flush
toilet system resulted in lower cost, lower emggrdemand, and lower G@missions within a 10 year
period. Considering building lifetimes of 50 to 75 years, the rainwlat@rflush systems would therefore

be the preferred option for this building.
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The Crossings Dormitory is one of 9 dormitoriescampus and houses 630 students. Given the-five
storey, tall and narrow design of the building, the roof area for this building was not enough to meet the
water demand for flushing toilets. This building was analyzed as both a new construction and aybuildin
being renovated for rainwater harvesting implementation. The renovation doubled the initial cost of the
rainwater system due to tearing down of walls for pipe setting. Yet, results showed that neither one of
these scenarios was a viable option for thislting due to high payback periods in cost, energy ang CO
emissions.

Our study of these two buildings also revealed some other implications. For example, the pay back
periods for rainwater harvesting systems are typically highest for cost, lower &yggnand lowest for

CQ emissions. Therefore, if greenhouse gas emission reduction is an important goal for a university,
rainwater harvesting systems can play an important role in achieving this goal. From another
perspective, the emissions from the watenfrastructure contribute to approximately 20 % of total
greenhouse gas emissions from City of Toledo and Lucas County Government operations. Since this is
such a high percentage, any reduction in potable and wastewater flow rates would help considerably
reducing the emissions from these local governments and helping them meet their climate action plans.

Other implications of the study were on building design and on energy efficiency of the water
infrastructure. For example, the codes for buildingsign do not currently include any parameters
relevant for rainwater harvesting systems. Similarly, LEED green building rating system would favor
rainwater harvesting systems regardless of different conditions. Yet, this study showed that rainwater
harvestng systems become favorable only under certain conditions. Higher roof area per occupant per
flush reduces the life cycle energy of rainwater harvesting systems. Similarly, combined sewer systems
make rainwater harvesting a more favorable option due tdueion in wastewater volumes treated

when rainwater is harvested. Rainwater harvesting systems also become the better option when the
utility rates and the energy use of the water and wastewater infrastructures are high.

Is it time to stop flushing taets with potable water? The vision for sustainable water infrastructure
would suggest yes, the time has come. Yet, implementing the vision given existing infrastructure has its
own parameters that need to be considered. The economic and environmental shdokeltoiled
flushing showed that whether rainwater harvesting systems are favorable or not depends on the
conditions. This study evaluated the results for certain conditions in Toledo. Further work on coupled
economic and environmental analysis is heceg$a document the feasibility of rainwater harvesting in
other situations. Analyses as in this study will be helpful in charting the path for the sustainable water
infrastructure vision.
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THE NEED FOR ALTERNE DRINKING WATESBPPLIES: SOCIAL AND
TECHNICAL CHALLENGES

Treavor H. Boyef* Christine OverdevestLisa ChristiansénKrystal Walker
‘Environmental Engineering Sciences, University of Florida, Gainesville, FL, USA
Sociology and Criminology & Law, University of Florida, GainesvilllSAL,
*308 Black Hall, PO Box 116450, Gainesville, FL, 32611, phor#@3351, fax: 35892-
3076, email: thboyer@ufl.edu

Overview and ObjectivesiVhat are the salient beliefs of stakeholders about alternative drinking water
supplies®Vhat water qualitycharacteristics of an alternative water supply are important to consider for
future drinking water treatment?These questions illustrate the social and technical challenges that
regulators, utilities, planners, engineers, and rgwvernmental organizationgnust consider when
evaluating alternative drinking water supplies. This research project used the St. Johns River, FL, USA as
a case study for alternative water supply planning. The results of this research are also expected to be
applicable to water sudp issues at a global scale.

The motivation for this work is that municipalities in the St. Johns River Basin need to consider
alternative drinking water supplies because groundwater sources are not expected to meet increases in
regional water demand beyml 2013. Groundwater is currently the most widely used water source in
the St. Johns River Basin, and alternative sources under consideration include surface water, seawater,
reclaimed water, and water conservation. Accordingly, the objective of this relsgaroject was to
evaluate the social and technical challenges relating to alternative water supplies. The specific objectives
of the research were (1) to understand stakeholder beliefs about alternative water supplies in the St.
Johns River Basin (i.eqcial challenge) and (2) to collect baseline water quality and treatability data for
the St. Johns River (i.e., technical challenge). Specific objective 1 was accomplished by conducting an
online survey for a large group of stakeholders. Specific obge@iwas accomplished by collecting
water samples from the St. Johns River and conducting laboratory analyses and treatability studies. All
research for specific objectives 1 and 2 has been completed.

Methods. A list of expert stakeholders (N = 598) wampiled from lists of attendees at public meetings

held to discuss water supply planning in the St. Johns River Basin. The stakeholders included federal,
state, and local governments, public utilities, environmental groups, and engineering consulting firms
Ten expert stakeholders were randomly selected for an elicitation study in which-eped questions

were asked about the risks and benefits of surface water, seawater desalination, reclaimed water, and
water conservation. The risk/benefit questions weframed in terms of ecological, economic, and
human health impacts. The responses to the elicitation study were used to formulate questions for the
online survey. The online survey was sent to all stakeholders by email and had a response rate of ~50%,
which is consistent with webased surveys in the social sciences.

Water samples were collected approximately 2 times per month for 1 year from the St. Johns River at
Astor, FL. The site was chosen because it is near locations of proposed surface wateawaithend

has a U.S. Geological Survey stream gage that records bulk water quality parameters. The water samples
were analyzed in the laboratory for a wide range of inorganic and organic parameters including
dissolved organic carbon (DOC), UV absorbafioegscence excitatioemission spectra, bromide,
chloride, iodide, sulfate, nitrate, and total nitrogen. Anion exchange treatability studies were also
conducted with each batch of water to evaluate treatment performance with changing water quality.
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Anion exchange treatment is a promising technology because it targets both DOC and bromide, which
are precursors to harmful disinfection byproducts.

Results and DiscussioAn example of the survey results pertaining to the perceived risks and benefits

of surfece water is shown in Fig. 1. The survey questions were framed as scenarios in which stakeholders
had to decide whether a scenario was a benefit or risk and then determine the impact of the
risk/benefit. The results show that stakeholders viewed the treaitmeosts of surface water as a risk.
Nevertheless, surface water was reported by a majority of the stakeholders to be a benefit to solving
regional water supply problems. The laboratory component of this research project was designed to
guantify the techntal challenges associated with surface water as an alternative drinking water source.
Fig. 2 shows the timearying concentrations of DOC and bromide in the St. Johns River. The
concentrations of DOC and bromide are very high for a drinking water suplgx&mple, > 10 mg/L

5h/ FTYR B wmnn >3k[ ONRBYARS g2dxZ R 0S -tOthestivatee SNER K
source.This presentation will synthesize results from the stakeholder survey and water quality analyses
to highlight the social and témical challenges that must be considered when evaluating alternative
drinking water suppliesThe outcomes from this research include a better understanding of stakeholder
worldviews, priorities, and belief conflicts, and water quality parameters andalvdity necessary to
transform the St. Johns River into potable water.
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Fig. 1.Social Challenge; Example of surface water scenarios asked in online surfa®y86% of
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Fig. 2.Technical Challenge Timevarying water quality in the St. Johns River at Astor, FL.
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SUSTAINABLE AND RESILIENT URBAN INFRASTRUCTURE: AN INFRASTRUCTUI
ECOLOGY APPROACH

A. Pandit*, E. Minné, J. C. Crittenden H. Jeong Z. Lg, J. C. Jam&sR. E. TayldrS. C.
Frencl, M. SubrahmanyafmB. Bras
'Department of Civil and Environmental Engineering an@tbek Byers Institute for
Sustainable Systems , Georgia Institute of Technology, Atl&#t 30332
ZCenter for Geographic Information Systems and the School of City and Regional Planning,
Georgia Institute of Technology, Atlanta, GA 30332
3George W. Woodruff School of Mechanical Engineering, Georgia Institute of Technology,
Atlanta, GA30332

* Brook Byers Institute for Sustainable Systems, 800 West Peachtree Street NW, Atlanta,
Georgia 30332, Phone: 48947895, Fax: 40894-7896, eMail: Arka.Pandit@gatech.edu

With the global urban population approaching 4 billion, provision of sustainable urban infrastructure is
one of the foremost challenges in achieving global sustainability. However, the challenges faced by
urban infrastructure in the developed and develogitworld are dissimilar in nature. While the
developed world is coping with aging infrastructure, the developing world faces the challenge of keeping
up with the brisk pace of urbanization and the rise in infrastructure demand. Nonetheless, sustainability
needs to be addressed at all levels to ensure the existence of a bountiful Earth a few generations down
the line. The goal of this research group isdevelop a framework for sustainable and resilient urban
infrastructure, incorporating the wateenergyland usetransportationsocioeconomic nexus. The
framework will initially be developed for the tebed cities of Atlanta and Phoenix, and then extended

to other cities as well.

The approach of this research group to the challenge
sustainable infrastructure is thex A y F NI & G NHzO (i
approach Ecology, as defined by the Merriavidebster
Dictionary isthe totality or pattern of relations between

organisms and theienvironn§ Y. (T'lie concept of ecology g ¢ ndiostatibme
has been extendedto urban systems,viz. WdzZNB OD¥ f 2/ 8 = Q Urban
andto the industries,viz.W A Yy R @O NJeHatereeptof ik

Availability /

ecology can similarly be extendedto urban infrastructure
whenthe urbaninfrastructurecomponentsare not analyzed
individually but analyzedas an interlinked system. Urban
infrastructure can be envisioned as an integrated network |of
four major mfrastr_ucture components, which are WateFigures: Urban infrastruciure is interconnec
energy, transportation and lanrdse patterns, or the urbanthis figure shows the dependence of each sy
form as shwn in Figure 1. A systeatsvel integrative on one another, demonstrating that deci
; ; ; should be made for infrastructure that cons|
apprqach reveals many options which might be mo4the effect on the sustainability of a city o
_sus_ta_unable b_ut not apparent when approached on igjistic basis.
individual basis.

)
Fueling / e\\(\

These interrelations are not only dependent on the infrastructure options chosen, buvatgovidely
with the climate and geography of the regions. For example, the connection between water and energy
has been well studied; the creation of energy consumes water, and energy is used to treat water. This
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becomes a serious consideration in timeks dry, hot summers as both energy and water demand
increase, thus putting a huge strain on the waggrergy interrelationship. Similarly, while biofuels have

a lower carbon footprint than fossil fuels, they have a much larger water footprint than thedil fos
counterparts. In light of these existing dynamic tensions, prudent choices need to be tailored to fit the
requirements of a particular city according to its geographic location, demographics and needs. Though
the water-energy and the energiransportaion are more prominenttheseinter-relationsare prevalent
betweenall individualinfrastructurecomponentdike water, energy transportationandland use.

One of the key hypotheses of the research group is that sustainable and resilient urban infrastructure
can be better addressed througtompact living spaces and distributed water and energy production.
While compact growth enables the adoption

of low-impact development (LID) techniques

for storm water management, and the use of
distributed energy generation through
combined heat and powerand other

i et sustainable alternatives, distributed water

Land Use e : ‘ and energy production are hypothesized to

Residential

I Erplymert ol ik be more resilient due to their inherent

M Open Water

Undeveoped  [RL redundancy. Agenbased models were

B Wetlands

Business as Usual Scenario [ [T Compact Growth Scenario developed to examine the adoption for
Figure 4. The urban growth scenarios of the Atlanta area by | COmpact living by future residents. The
Business as usual shows more sprawl. Compact growth keeps material and energyrequirements to build
larger portion of the land as undeveloped green space. and operate urban systems for both compact

AINRPGUK YR WodzaAy&aa | a d
also being evaluatedPreliminary results for Atlanta, GA, as shown in Figure 2, suggest that the sprawl
case would cause substantial levels of deforestation, dispersion of residential and employment activities
across the metropolitan area, an increase of the commuting distaand consequently, a significant
increase of additional water and energy demands in the system. The model is now being refined to
produce a more detailed land use forecast and then link that forecast to a life cycle cost analysis. In
addition, various aérnative scenarios of distributed water and energy production are being evaluated
at the system level to optimize the sustainability of the system. Transportation alternatives are also
being assessed to determine their energy and water footprints.

The nfrastructure ecology approach would provide exciting insights for the researchers of this realm
into the potential benefits and alternatives that are obtained through addressing the challenge of urban
sustainability at the systems level. In addition, ibuld provide a better comprehension of the
interactions between the various infrastructure components, which would aid the decision making
process for urban planners.
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A UNIT PROCESS APREB TO URBAN STORMVER MANAGEMENT

Allen P. Davis* Robert G. faver’, William F. Hurit
YUniversity of Maryland, College Park, MD, USA
2Villanova Univeristy, Villanova, PA, USA
®North Carolina State University, Raleigh, NC, USA
*Civil and Environmental Engineering, College Park, MD, 20742,
301-405-1958, 301405-2585,apdavis@umd.edu

Water quality impairment from urban stormwater is one of the few growing water environmental
problems. Increased land development for growing populations and infrastructure create impervious
surfaces such as building rooftops, parking,l@and roadway systems. These impervious areas alter the
water and pollutant mass balances in urban areas by directing these fluxes to surface waters. Current
management of urban runoff via stormwater control measures (SCMs) is highly empirical and the
scientific databases are immature with minimal fundamental scientific support. Most regulatory
agencies will specify stormwater management techniques and technologies with little consideration of
local conditions, including soils and geology, climate, aatkershed location. Much of the current
NE3dzZ F i2NBE FNF YSE2N] SYLKIaAl Sa az2yS &aAaAl S FAGa
metrics. Both of these focal points have major problems when challenged with scientific and
engineering rigor.

Urban SCMs are generally classified based on specific technologies, such as ponds, swales, bioretention,
wetlands, sand filters, and others. Increasingly, greater emphasis is being placed onbzatedeSCMs

that utilize soils and vegetation. However, #eetechnologies function via the same unit processes
exploited in drinking water, wastewater, and other water treatment operations. These processes
include sedimentation, filtration, adsorption, ion exchange, and myriad biological reactions. With
proper consideration of the water and pollutant balances, combined with the pertinent treatment unit
process, predictable performance should be possible for SCMs under conditions and designs unique to
every situation. This work discusses some of these challemggprogress being made to address
these challenges.

Foremost, the water balance must be understood. Water balances in SCMs require consideration of
input, storage, and several output pathways. Most SCMs will include a storage component and many
new tednologies emphasize infiltration into the native soils. Evapotranspiration is expected to be
important in the longterm water balance. Both infiltration and evapotranspiration emphasize site
specific performance

Unit treatment processes pertinent to SGMave been known and studied for decades or more. Theory
has been developed and tested and can be applied to stormwater situations. Removal of particulate
matter will require understanding of sedimentation and filtration mechanisms. {temg buildup d
sediments and possible 1®ispension requires attention. Many of the toxic compounds found in urban
stormwater runoff are affiliated with particulate matter and the removal of particles will contribute to
toxics removal. Adsorption is a major reactipathway for dissolved metals (lead, copper, zinc),
hydrocarbons, and dissolved phosphorus in infiltration SCMs. Understanding and exploiting specific
adsorbent properties that may enhance the adsorption can lead to greater performance. An example is
to increase amorphous iron and aluminum contents via amendments to filtration/infiltration SCMs to
enhance inorganic phosphorus removal. Nitrogen is a pollutant of major concern in many waterways.
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Nitrogen speciation and cycling in natdvased SCMs is congpl, yet is similar to those in soil and
related systems. Creating conditions that favor denitrification is challenging in urban stormwater
management, yet possible.

These various unit processes, nonetheless, must be evaluated in the complex, highlyicdynam
environment of urban stormwater runoff. Runoff is manifest as highly unsteady flows, with unsteady,
variable pollutant concentrations. Dry conditions will exist between rainfall events, so a continuous flow
will not exist. Seasonable effects will themonstrated via changes in temperature (viscosity impacts on
flow and evapotranspiration, chemical reaction thermodynamics and kinetics, and associated biotic
conditions) and possibly rainfall patterns.

Because of the highly dynamic conditions inherémturban stormwater runoff, proper performance
metrics must be developed and integrated into the existing regulatory structure. Most stormwater
NE3dzZ  A2ya FtyR SEAalGAY3I RIFEGlIolasSa SYLKI&AATS |
valid only for steady state performance. This metric ignores the high variability of pollutant inputs to
SCMs and is overall unprotective of water quality. For a high input concentration, a high percent
removal may still result in a high, unacceptable disceardror a very low input, even a low percent
removal may result in a satisfactory discharge. Performance must consider the variability in water
guality inputs and desired low discharge pollutant concentrations and mass loads.
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STATE OF THE SCIENCETORMWATER MANAGEMENT: CRITICAL REVIEW
AND NECESSARY STEPS TO DEVELOP RESILIENT URBAN STORMWATER
INFRASTRUCTURE

V.J. Fuchs, PhD
'Department of Chemical and Environmental Engineering, Yale University, New Haven, USA
*300 Mason Lab, 9 Hillhouse Avenue, Ndaven, CT 06520; 9&81-1473;
valerie.fuchs@yale.edu
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and cooling water, storing and cycling nutrients, conserving and generating soils, pollinating crops and

other plants, regulating climate, sequestering carbon, protecting areas against storm, flood damage, and
maintaining hydrologic reginie¢ 062 S6SNJ S Ff ®X Hnnco®
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billion will be needed to upgrade water systems by 2020, based on the current mode of water
infrastructure design. Failure to invest in infrastructure upgrades now risks public health and
environmental damge as well as increases in upgrade costs by orders of magnitude. Urban areas are
particularly at risk as populations become denser, especially those located at the mouth of waterways
where agricultural, industrial, and other anthropogenic pollutant sourees concentrated. Green
infrastructure technologies and strategies link water cycles and reduce contaminant loads while
potentially reducing implementation and operation costs by maintaining or restoring natural hydrology
(USEPA, 2010). Green stormwatefrastructure is emerging as a new paradigm in stormwater
management: one where water is viewed as a recoverable and recyclable resource and material and
natural systems are incorporated for storage, reclamation, reuse, storm impact reduction and other
eceosystem services.

In this paper, the state of the science of stormwater infrastructure is reviewed. Grey infrastructure has

been the conventional mode for removing stormwater from urban landscapes throughout the history of
d02NXY6I G§SNI YI yI BufbanSd¢vieldpmentdigeus€daon éffidient water removal through

curb and gutter drainage, followed by integration of detention systems to reduce localized flooding, and
management focused on moving water quantity-afA 6 S® Ly G KS S| Niredshowntcon Q&> d
be important sources of nepoint source pollution and water quality became important. Now it is clear

that grey infrastructure alone does not hold the complexity, flexibility or resilience required to protect

other infrastructure from increasgly large and frequent storms/flooding, or waterways and aquatic life

from urban contaminants. Incorporation of green infrastructure may add the resilience of natural
systems and ecosystem services.

The provision of ecosystem services is a differemipfactor between grey and green infrastructure,

and quantifying the benefits provided by green infrastructure allows us to understand life cycle benefits
achieved by green versus conventional systems. Recent studies have shown that green infrastructure
can reduce urban temperatures, provide building thermal insulation, and decrease the warming of
runoff into sensitive environments. Preliminary cost/benefit and life cycle cost analysis show that green
infrastructure is only slightly more costly than convental stormwater controls, and the added cost is
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quickly recovered through ecosystem benefits (e.g. aesthetic space, improved air quality, reduced urban
temperatures, and pollution reduction) during the design life of the project. Additionally green geacti

can be significantly more modular than conventional approaches, allowing decentralized
implementation one site at a time, or systematic implementation for whole neighborhoods. Hydraulic
performance of green infrastructure, especially when combined witigineered forecasting storage
controls, shows that best management practices (BMPs) have the potential to retain storm flows and
peak times even further than préevelopment conditions. Green stormwater infrastructure can actually
perform better than lonimpact development (which mimics pdevelopment conditions), which should
allow a systematic resilience to be designed into the urban space, where mixed grey and green
infrastructure can provide resilience function for the overall design.

However, thee is little mechanistic understanding of water quality performance of many BMP designs,
geospatial distribution, or economies of scale to optimize cost and hydrologic/treatment performance
and therefore no clear path for optimal investing in mixed greed grey infrastructure. Stormwater
modeling studies can generally be split into a) lasgale (regional) hydrologic modeling and b) single
technology mechanistic modeling. Recently, researchers have explored the concept of spatial
aggregation of modeled BRE, pollutant removal simulation through completely mixed flow reactors in
series, and specific hydraulic or biogeochemical processes (e.g., infiltration capacity; phosphorus
removal). Some models have addressed the integration of stormwater into oventadin uwater
management, opening opportunities for onsite stormwater use (Zoltay et al. 2010). Very recent model
developments have considered systematic BMP selection and placement for sites to cities, optimized for
cost or stormwater treatment capacity (Stmmaker et al. 2009). These models have yet to link
ecosystem services with cost optimizations, are limited to empirical relationships for simulating
LI2ftdzityd NBY2@Ftf o6& .ataX yR OFyyz2id 2LIWGAYATS

Gaps in the sciee of stormwater management lie in the question of how to design resilience into
infrastructure in the face of urbanization and climate change. We need to systematically design
stormwater infrastructure to 1) match demand for its service with minimal atevn regarding urban
drainage, flood protection and pollutant removal; 2) link it to other urban water infrastructure and
green space to increase functionality and resource cycling; 3) maintain efficiency in water resource use
and reuse through decentrakd solutions; and 4) allow for highly coordinated management to respond
quickly to disruptions. Systematic design requires understanding of what conditions may require various
mixes of green and grey infrastructure. For example, system conditions magilpndere only grey
infrastructure can be applied, such as very high population densities where no space exists for green
infrastructure. BMPs may have cascading and nonlinear effects in this systematic design and simulation
processes such as system dynesninay further our understanding. Finally, further investigation into the
costeffectiveness and optimized design will allow us to invest in appropriate and resilient stormwater
management systems.

In summary, this paper defines grey and green infrastmecas a means of addressing resilience in
stormwater management, critically reviews the stormwater literature to assess the current state of
knowledge for application to resilient infrastructure, and provides a path forward to address knowledge
gaps in gstematic urban stormwater infrastructure design.

(Citations are not complete due to space limitation, but available upon request/in full paper
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COST EVALUATION (HCENTRALIZED VS. THALIZED WATER DIBTLHION
SYSTEM CONFIGURATION

S. Ghimire, K. Li*
The University of Georgia, Athens, GA, USA
* The University of Georgia, Driftmier Engineering Center, Athens, GA 30602,
Phone: 706642-2201, Fax: 70642-8806,keli@engr.uga.edu

Water scarcity is a worldwide problem that is driven by the rising populatieater pollution, and
limited water resources. Coping with the problem of water scarcity requires comprehensive
understanding on the interaction and interdependence of water infrastructure with the natural and
sociceconomic systems and other engineerggstems, such as energy infrastructure. Recently, there is
an emerging interest in decentralized water system, which refers to a system based on the utilization of
local resources for improved energy efficiency and less environmental impacts. Decentveditead
system could be of more interest due to local control over the system characteristics such as system
security; robustness; augmenting centralized system; and economic viability for a longer term.
Significant work has been done in evaluating andgtésg a traditional (centralized) water distribution

system (WDS); however, the evaluation of decentralized systems is still at infancy, which is the main
priority of the current paper.

As a starting point, cost analysis of a simple centralized system and its counterpart decentralized system
(Figure 1) was carried out using EPANET2.0 and a umytpuiel cost estimation model (Equation (1)) .

®
Tank —
Source and pump %123'23
-——
Centralized system (outer [00D) mp- /
-
~~Decentralized system (puipline)

Figure 1:Hypothetical decentralized water system designed from a hypothetical centralized system

(created and modified from Example data files of USEPA (2000) (in the caption, cadrpedsure
distribution.)
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The cost model incorporates the capital cost of both water distribution and water treatment
infrastructures. The combination of two components provides a picture of total cost of a WDS.

TIC 3 TC, 1)

Where, TG is the capital cost for the two major components of a WDS: (i) water treatment plant costs
(includes raw and finished water pumping station costs, treatment processes costs, and building
maintenance), and (ii) distribution network (pipes anttirfigs). The pipe installed costs; trenching and
excavation; and embedment, backfill, and compaction costs were included in pipe costs analysis. Note
that the installed costs include the pipe, the gasket, and joining materials, as well the labor and
equipment costs. The operation and maintenance (O&M) costs depend on many factors such as
treatment technology, pipe materials, and raw water quality; however O&M costs were not included in
this analysis. The capital costs for pipes and fittings were estimatsti@vn in Equation (2):

Y& O Y 8 @)

where, installed costd; trenching and excavation cost§, and embedment, backfill, and compaction
costs,B; for main pipe lines and service lines were determined based on Clark et al. (2002) (Equation
(3): )

LT,orBE® ®wO QO (€))

Where, parameterg, b, ¢, d, ande. are different for different type of pipe cost& is the indicator
variable of ductile iron pipe used in a WDS &ndpipe diameter.
The costs ofwater treatment plant mainly depend on the raw water quality, treatment standard,
technology selected, and treatment capacity. Accordingly,WiéZe estimated based on McGivney and
Kawamura (2008) (Equation (4)).

TG=, (4)

where,,, andf are paameters dependent of a specific treatment technology, @i the capacity of
the treatment plant, (in MGD).

While the unit production cost for centralized system is lower than the decentralized one, the latter
could be beneficial due to the saving garnismission energy and wise use of locally available resources.
Preliminary results of cost analysis showed that the decentralized system could be economically viable
for a longer term due to potential savings in water usage. The cost model could aidersgand water
utilities in evaluating the economic viability of centralized and decentralized water supply options. The
net present value benefits of the decentralized WDS will be evaluated for a range of service life in the
future.
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RESIDENTIAL GRAYWRTERIGATION: AN HRENMENTAL SERVICE
LEARNING PROJECT

Philip T. McCreanor*
Mercer University, Macon, GA, U.S.A.
*Mercer University School of Engineering, 1400 Coleman Ave, Macon, GA 31207,
478-301-2044, 478301-2331(fax), mccreanor_pt@mercer.edu

Fifty to seventy percent ahe wastewater generated by a single family residence comes from laundry
and bathing activities. This wastewater is commonly referred to as gray water and will have significantly
lower BOD5, COD, solids, and microbial counts than the wastewater disch&mged toilets,
dishwashers, and garbage disposals. The quantity and quality of gray water produced by a residence
make it an attractive source of water for ite re-use including both toilet flushing and irrigation. The
on-site reuse of gray water isegulated at the state level. In the State of Georgia, gray water irrigation
systems are regulated by the Department of Human Resources, Division of Public Health, Land Use
Program as septic systems. The definition of gray water irrigation systems tasssegpems prohibits
installation at properties serviced by a municipal sewer system and requires gray water reuse system
utilizing drip emitters to include an aerobic treatment unit (ATU). Given the differences between the
water quality characteristicef gray water streams derived from laundry, bath, and shower sources and
mixed wastewater streams which include flows from toilets, kitchen sinks, and dishwasher in addition to
the gray water flows this treatment requirement may be excessive. The gad#lis piroject are to

Evaluate the design issues associated with the use of gray water for landscape irrigation,
Evaluate the maintenance issues associated with the use of gray water for landscape irrigation,
Assess the treatment techniques and levagipropriate for a gray water irrigation system, and
Support the development of regulations that are more favorable to the implementation of
residential gray water irrigation systems in Georgia.

=A =4 =4 =9

These objectives will be accomplished through the installatid gray water irrigation systems at
residences in Bibb County. The first system was installed abedfwom, 7occupant Macon Area
Habitat for Humanity home (Figures 1 and 2). Future systems will be installed at Macon Area Habitat for
Humanity homes @ permitted by regulatory approval, funding, and timing.

Prior to being discharged to the lawn area via-subface drip emitters, the gray water will be treated
through filtration; aerobic and/or anaerobic treatment; and chlorination. Above ground ipléeshks

will be used as the treatment vessels and for storage prior to dosing of the irrigation field. The use of
above ground tanks will enable the research team to quickly and easily change the treatment method
and/or the treatment time prior to dosing Chlorination will be accomplished using septic chlorine
tablets in a flow over system. Filtration will include tub/shower drain guards, btigtke septic tank
filters, and screen filters. A series of tests will be used to evaluate the performaxcatidity of the

gray water irrigation systems. The primary goal of these tests is to collect information that can be used
to aid regulatory decision makers. The tests to be performed include system functionality, operating
pressure and flow rate, dripreitter performance, free chlorine, pH, BOD5, COD, solids analysis, and
maintenance requirements.
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This system was designed by senior environmental engineering students, installed by engineering
students from a variety of disciplines and levels, and béllmonitored by senior and/or graduate
students. Future systems will use the same basic design with modifications to the drip system layout.
Installation of future systems will be a service learning component of environmental engineering,
sustainability and/or environmental science courses.

The goal of this presentation is to provide the information necessary for a faculty member to consider
incorporating the design and installation of a residential gray water irrigation system as a service
learning prgect in one of their courses. This presentation will cover the design of a gray water irrigation
system installed for use at a fimedroom residence in Macon, GA and preliminary results from
operation of this system. The general design process foryawgader irrigation system as well as the
design of a simple direct discharge system will be included in the presentation. The potential for
collaborating with a local Habitat for Humanity chapter will also be discussed.

RETURN
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Figure 2. Layout of gray water irrigation drip zones foib@@room Macon Area Habitat for Humanity home.
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URBAN FUTURESUSTAINABILITY (RESILIENCE) EVALUATION OF WATER
INFRASTRUCTURE

FAMemon*!, D Butlet, R FarmanjH. Abdelmeguil S. Atkinsoh C. RogefsD. Hunt
University of Exeter, United Kingdom
“University of Birmingham, United Kingdom
*CEMPS, Harrison Building, University of Exeter, United Kingdom, EX4 4QF,
Phone: 0044 1392 26 4048, Fax: 0044 1392 21 7965, Email: f.a.memon@ex.ac.uk

Owing to uncertain future coupled with emerging concerns associated with climate change and
population growth/shift to urban areas, a twin track approach of both mitigation and adaptation
measures is required to plan, design and operate urban servicesaiimise resource efficiency,
minimise redundency of the available infrastructure (through urban regeneration) and explore
sustainbility optimisation options. Sustainability, by default, is a subjective term and its evalution and
implementation does requiraegotiating trade offs between conflicting goals. The incorporation of
future influnces must be an integral part of any evalution exercise aimed at achieving long term
sustainability aspiration. Within this context, a 4 year muli disciplinary and mstitutional project,

Urban Futures was undertaken with support from the UK Engineering and Physical Scinces Reserach
Council.

This paper breifly introduces thdJrban
Future Project and lists the outcome of ar

extensive exercise to crystalise wide rangi Atmosphere Organisational
(probable to plausible) urban future Befllaviouz_&
. . . nnovation
scenarios (Part A) and mainly describes t wps Ve
. Biodiversity '
methodology applied to assess the futur WP Social Needs, wP7
scenario implications on water infrastructure Aspirations and \
(Part B) Imposed Policy \
. Surface Built Density and
Part A: The high level goal of tHédrban Environment | Design
. . . \ and Open Decision-
Futuresproject is to test resiihnce of today's WPS Spaces Making WP6
'sustainable solutions' and explore strategie \ '
and options for infrastructure future S~~~ B e
proofing.  This is addressed through Water and Environment
focused (but integrated) investigation of ke Waste Water Infrastructure &

Utility Services

WP4

urban services (including water an
wastewater). The reserach work wa
organised in 8 distinct work packages. The
and interactions between them are outlinec
in Figure 1.

WP3

Figure 1 Urban future project work packages and interactions

As a function of societal values and the nature of regulatory/policy regimes, four future scenarios have
been adopted: Market Forces (MF), Policy Reform (PR), New Sustainability Paradigm (NSP) and Fortress
World. The scenarios extraction process, theirimiibns and interpretations for water related aspects

of the project are summarised in Huet al (2010).
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Part B: This part describes the methodology, developed to implement urban futures interpretations for
water infrastructure, comprising the develogent of an urban water optioneering tool (UWOT?) and a
water distribution network simulation.

In order to investigate the impacts of the above mentioned future scenarios and the influnce of
currently available (sustainble) technologies on water (demaod)sumption patterns and implications

for water cycle mangement)WOT"as been developed. The tool consists of a technology library and a
user interface. The library is populated with a wide range of technologies for potable water
consupmtion reduction, leernative non potable supply and reuse at different scales (centralised and
decentralised) and surface water managment. For each technology, the library also includes information
associated with sustainbility indicators (including water saving potertet, energy consumption and
social acceptability). The tool is coupled with a mahjective optimisation solver and produces
automated optimal composite strategies, their respective sustainbility evaluations and water demand
patterns for any of the aba@/mentioned or user defined future scenarios.

The resilience, of existing water distribution networks, to fluctauting water demands and urban growth
patterns could vary signficantly for different future scenarios. For example in the MF scenario, demand
is envisaged to increase signficantly and sections of a network are likely to become vulnerable at
satisfying the minimum surplus head requirement. On the other hand, under NSP scenario demand will
reduce considerably and therfore water age in the netwarkkley to incease and in turn could prompt

water quality deterioration.

18
1.52
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Millions

Total cost ($)

T T T T

0.14 0.16 0.18 0.2 0.22 0.24 0.26 0.28 0.3 0.32

Resilience index
Figure 2 Resilience index relationship with demand mulipliers & rehabilitation investments

To analyse the above mentioned and related operational issues, quantify network resilience to future
scenarios and propose optimal network rehabilitation strategies, simulations were carried out using a
benchmark network (Anytown)An example simulation dput (Figure 2) shows the influence of
network rehabilitation investments and water demand multipliers (future scenario combinations) on
resilience index (i.e. surplus hydraulic power in the network). The figure suggests that for certain
scenarios, even gher investments do not necessarily guarantee improved resilience index.

The project, currently in its final stage, is testing the developed methodology using a number of national

and international case study sites.
Hunt, D. V. L., Farmani, R. LombabdR., Butler, D, and Memon, F.A. (201@)Sustainability Toolkit For Scenario Based Urban Futures
Research Into Water Provision: MethodologyPaper 2,In Sustainable Water Management in Developing CountgeShallenges and

Opportunities UNESCOelPHE riternational Conference on Sustainable Water Management (SWM2010), Jamshoro, Pakistaly , 15
September 2010SBN @05391404-6, 366

147 2011 AEEP Education & Research Conferendaiversity of South Florida



Infrastructure that Serves an Expanding and Urbanizing Population
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'Environmental Science & Engineering, Colorado School of Mines, Golden CO, USA
“Civil & Environmental Engineering, Stanford University, Stanford CA, USA
3Civil & Environmental Engineerindpiversity of Californi®erkeley, Berkeley CA, USA
“Civil Engineering, New Mexico State University, Las Cruces NM, USA
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In urban centers of the U.S., massive centralized infrastructure is typically used to provide drinking water
and treat the resultant waste water before discharg&hile this strategy may be viable for many
metropolitan regions, an adequate supply of imported water is no longer available in many of the fastest
growing regions in the western and southeastern United States. The response of cities to the imbalance
between water spply and demand is complicated by a lack of investment and a reluctance to adopt
new technologies. In most locations, urban water infrastructure looks much as it did in the 1960s, with
centralized water and wastewater systems delivering water over lontardiss. In addition, large
utilities still provide water of extremely high quality.g, potable water) for applications including
landscape irrigation, toilet flushing, fifegghting, and industrial activities. While acceptable in an era of
inexpensive rergy, abundant water supplies, and unrecognized aquatic habitat needs, these systems
are ill suited for meeting our future needs. It is increasingly clear that these kinds of unsustainable
infrastructure projects do not represent the best approach to mtet needs of society. In addition,
climate change represents a potential threat with significant uncertainty, thus complicating evaluation
of the resilience of water infrastructure and identification of appropriate adaptation responses. Rather
than replae existing infrastructure systems with more of the same, we have an opportunity create
something better.

In order to investigate transformation of urban water infrastructure into more sustainable systems, an
NSFsponsored Engineering Research Center (ERC) has recently been recommended for Tineding.
ERC joins four leading universities in the West: Stanfémiversity, Colorado School of Mines, New
Mexico State University and University of CaliforBexkeley. Although increased demands on water
supplies occur throughout the country, these demands are acute in the arid West, where the ERC
partner universitiehave special capabilities and access to unique test beds. Furthermore, each campus
has strategic collaborations with members of the professional community and international universities
at the forefront of urban water infrastructure research that will peis to translate our research into
tangible results. The goal of the ERC is to advance new strategies for water/wastewater treatment and
distribution that will eliminate the need for imported water, recover resources from wastewater, and
generate rather lan consume energy in the operation of urban water infrastructure while
simultaneously enhancing urban aquatic ecosystems. While many existing approaches could be used to
transition urban water infrastructure to this more sustainable state, their impleragon currently is

limited by uncertainties about their lontgrm performance, life cycle costs, institutional impediments

and public concerns about unfamiliar technologies. In some cases, the technologies needed to realize
our vision do not yet exist an@chnological breakthroughs are needed. To meet these challenges, our
strategic planning process identified key research projects within three thrust areas:
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(1) Engineered Water SystemdDecrease reliance on inefficient centralized treatment systems by
employing distributed treatment systems that embrace water conservation, local use of alternative
supplies, energy management, nutrient recovery, and that integrate with existing infrastructure;

(2) Managed Natural Systemdntegrate managed natural systemstd water infrastructure to fully
realize the potential benefits that natural systems can provide with respect to water storage and
improvement of water quality, while simultaneously rehabilitating urban hydrology and aquatic habitat;
and

(3) Urban Water $stems and Resource Managemerupport the integration and management of
decentralized and more diverse and stochastic system components by developing engiaeenogic
models, and addressing barriers to innovation (such as institutional barriersc pasteptions of water
risks, etc.).

¢KS 9w/ Qa SRdzOF GA2Y I § S ¥ T 2 NJigrepagedl stddenis sdofewentdally LIA LIS f .
pursue and complete waterelated degrees at the undergraduate and graduate level to become leaders
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knowledge and supported by an informed public. This effort will begin at the elementary level and
continue through graduate education. To ensure the involvement of unel@resented minorities, the

ERC is partnered with American Indian Tribal Colleges and Universities;8aaddkhigh schools that

target districts that serve primarily Hispanic, Pacific Islander and African American populations.
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CONTROLLED ENVIRONWHGH RISE FARMING HARCAL FOOD
PRODUCTION IN COUDMATES

S.E. Powers,* D. Gonyer
Institute for a Sustainable Environment, Clarkson University, Potsdam NY, USA
*8 Clarkson Ave, Potsdam NY 13&2A0; 315268-6542;sep@clarkson.edu
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Earth is expected to rise by 3 billion people. Approximately Hetares of additional traditional
farmland will be needed to feed &m. However, it is estimated that 80% of the arable land on Earth
suitable for farming is presently in use and roughly 15% of this land has been rendered unusable for
farming due to poor management. Climate change has claimed additional land. Loalprotiuce
industry of the US is both inefficient and insufficient. Populations in the northeast buy produce for at
least 6 months out of the year from farms that are over 3,000 miles away. This produce has been
engineered to survive the long trip and erd shelf life in stores. Better tasting locally grown produce

of high quality is only available for a few months out of the year, and in a relatively limited quantity.
Crop vyields are also highly dependent on weather. A single poor growing seas@usaritiousands to
starve in many areas of the world. In the US, this at minimum causes a significant rise in imported
produce, resulting in higher prices and dollars leaving the local economy.

Current farming practices are not sustainable and inadequateféeding our growing population.
Industrialized farming has depleted top soil and its nutrients, requires substantial additions of fossil
energy and agrichemicals, and results in food production in a few geographic areas that requires
processing and londistance transport to consumers. An alternative agriculture model for local food
production is proposed that utilizes a smaller land area, has a longer growing season and provides
steady yearround employment. This new approach will help to sustain thérition needs of our
population while reducing the environmental impact associated with the increase in our current
agricultural practices.

The basis of the project presented here is the hypothesis that growing plants in #eblghhighrise
controlled environment would help regions with cold climates to grow food for their local needs while
reducing cost and environmental impacts. The CEHRF (Controlled EnvironmeRiisdidgtarm) is a new
organic farming model based on recent innovations in the respedreas of crop growth, artificial
lighting and HVAC efficiency. The use of fiegth plant growth and lighting components within this food
production system will greatly reduce water, nutrient, land and transportation energy requirements.

A student eam at Clarkson University designed and built a 450 sq. ft. pilot greenhouse to test the CEHRF
concept, focusing especially on maximizing yields while minimizing energy requirements for local food
production in cold climates. The student project has b&@2 2 NRAY |l 6SR GK2dAaAK [/ f
(student projects for experiential engineering design) program and senior capstone design classes with
funds from the EPA P3 design competition. Students worked on the technical design of the pilot and full
scale CEHRé&nvironmental impacts, and business planning for the overall project.

The technical design required students to understand plant growth needs and the innovative engineered
systems available to provide to meet the required growing conditions. Plant gn@gthires both ample
daylight and warm temperatures. The pietale greenhouse building is designed to balance daylighting
from a southerrfacing light transmissive wall with the others being highlulated to minimize heat
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requirements. An innovativiighting system based on red and blue LED lights with an advanced control
system will limit the use artificial lighting to the minimum specific lighting conditions required for plant
growth. An opportunity to maximize the efficiency of the greenhouse aeduce fossil fuel
consumption has been accomplished by integrating its operation with a bieswdas thermal heating

system and an anaerobic digester for waste management and heat and power production. Collectively,
these coupled systems will represeart opportunity to demonstrate an approach to maximize mass and
SYSNHe STFTAOASYOASa lFa (GKS agl aiS¢ NBaz2dzNasa oKSI
shared among the building facilities.

Ultimately, operation and analysis of tipdot greenhouse will enable the design of much larger vertical
growing systems for cold climates. Preliminary studies suggest that a seven story 70,000 sq. ft. facility to
grow lettuce in an area that will support the prices for organic produce will gg@ean annual profit of
$2.5million. If the facility utilizes biomass heat and electricity, it will generate minimal greenhouse gases,
require only 7.3% of the water and only 13.5% of the nutrients compared to traditional farming and
transportation. Impovements in the lighting and heating systems that were made to the pilot structure
after these preliminary estimates were made should improve the overall efficiency of the lettuce
production even more.

The objective of this presentation is to describe thehnical features of a CEHRF that were developed
and proven to make this concept economically and environmentally sustainable and describe the
educational logistics and benefits of addressing a-vaald, ilkdefined project with an approach that
couples research, coursework and student activities.
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COSIENERGY ANALYSIS OF OPTIMIZED WATER DISTRIBUTION FOR A
THEORETICAL URBAN SETUP: A CASE STUDY

P. Prakash Rao , K. Li *, S. Ghimire
Driftmier Engineering Centddniversity of Georgia, Athens, GA
*Correspnding Author, 601C, 78842-2201, 706542-8806 (fax), keli@engr.uga.edu
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infrastructure as B and estimated more than $2 ftrillion investment needs for the infrastructure
renovation. It is a challenge as well as a good opportunity fdo tmild our future infrastructure in a
more resilient and sustainable manner. The challenge lies in the complex interactions and the
interdependence of water/energy system within the natural and built environment in which the
infrastructures are embeddedThe efficiency of water infrastructure depends not only on the
infrastructure configurations but also on the urban form, population density, climate, and resource
availability. While a comprehensive understanding of the pros and cons of decentralizedraralized

water supply system is still a problem to explore, it is goes beyond doubt that a combination of the two
is necessary for different urban settings. In order to understand the impact of urban form on the
efficiency of different water distribiion network, in the preliminary studies, the performance of a few
water supply scenarios was studied under three typical urban forms: centralized city, polynucleated city,
and uniform density (or complete sprawling) city. It is expected that a geneyatait be simulated by

the combination of the three urban forms.

A synthetic city with a median population and area of US cities was created on ArcGIS platform. Using
the US Census Bureau data, the median population was calculated to be 170,000 padplee area
covered by this population was approximated as 432 sq.km. The city is divided into grid system with a
resolution of 1kmx1km for the water distribution network simulation. The above mentioned urban
forms were differentiated by the populatiodensities in the grid system. The uniform distribution
urban form assumes that the population is evenly distributed within the whole city. The polynucleated
urban form assumes five core areas in the city with twice the density than the evenly distrifouted

The centralized urban form assumes that the population is concentrated in the central area with a
density as three times higher than the evenly distributed form.

For each urban form, distributed and centralized water supply network scenariosdesigned using

water network software based on EPANET2.0. The centralized water supply consists of one treatment
plant and a looped water distribution network with a central storage tank. On the other hand, the
distributed supply network consists of muylke water treatment plants with purple line options. Based

on the population, 100 households with an average of 3 inhabitants have been assigned to a single
junction. For the hydraulic simulation of the water network, the product of 660 L/d (the average p
capita water use per day) and 1.80 (maximum daily demand), with the population, was used to calculate
the peak water demand of 2423.5 L/s. Also, to ensure water availability even under extreme peaks in
water demand, the firdlow demand of 391.6 L/s fo8 hours was summed up with the peak water
demand. Thus, the total water demand (inclusive of the requiredffing demand) was calculated to

be 2815.2 L/s. This total water demand was then inputted for calculating the loads for each of the
junctions inthe network, and at the same time, the pressure head in the system was maintained within
the range of 14 to 70 meters of head. A-2dur time demand pattern or a diurnal curve was applied to
make the system more realistic. The central storage tank wassaisalated to meet the demands of

the population over the 2hour period simulation. Initially, for the basmse scenarios, the elevation of
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the entire water distribution was assumed to be at zero elevation. For the comparative study, each of
thewater s 1 SY& Q LldzYL) K2NBRSLIZS6SNI ' yR Gyl YAYyAYdzy | yR
were modified and simulated. The alteration of the pump horsepower and tank characteristics were
modified to maintain acceptable systewide pressures in every urban form.

Each of these three ideal water network models developed would present a deterministic approach to
define its urban water infrastructure. In the future research, the energy use and cost analysis for the
three types of systems will be performed. For eacham form, water network configurations are to be
compared for its efficiency in terms of the recorded energy and cost factors. The comparison of the cost
and energy factors involved in developing an urban water distribution system will direct the urban
planners in making important network decisions at the planning stage itself. Thus, this research is
focused on serving as a platform for urban water infrastructure developers/planners to decide the water
distribution network their City/Town plan requires @b on its population needs while keeping their
energy requirements as low as possible.
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MINERAL DEPOSITION BEHIND WATERLESS URINALS

P.C. Singér, L.M. Flowers
YUniversity of North Carolina, USA
’Hazen and Sawyer, Raleigh, NC USA
*Department of Environmental Sciences and Engineering, Gillings School of Global Public
Health, CB 7431, Chapel Hill, NC 2758%1,Tel.9199296266,Fax.919969-1660,
phil_singer@unc.edu

Background and Objectives

In an attempt to conserve water, mairystitutions, commercial establishments and municipal facilities

KF®3S AyadlttSR ¢l GSNISaa daNAylta Ay YSyQa NBaldNe?2
they are touted as saving an average of 40,000 gallons of fresh water per uringegerand are

becoming increasingly popular as wataving devices.

One of the problems associated with these waterless urinals, however, is precipitation of mineral
deposits in the pipes behind the urinals. Because no water is employed to flush tred, lsome
remnants of the urine remain in the drainage pipe after each use until they are displaced by urine from
the next user. Urea in these remnants hydrolyzes to release ammonia and carbonate. This raises the pH
of the urine, causing it to become ovatarated with respect to struvite (magnesium ammonium
phosphate) and various calcium phosphate minerals (e.g., calcium hydroxyapatite), leading to
precipitation of these solids and potential plugging of the drainage pipes.

The objective of this presentian is to provide examples of the extent of mineral deposition in such
waterless urinals, discuss the relevant chemistry associated with the phenomenon, and to suggest
approaches for overcoming this potential problem.

Methodology

The University of North Carolina at Chapel Hill installed approximately 300 Falcon Waterfree urinals on
its campus about five years ago (see Figure 1). These urinals have a disposable cartridge that must be
replaced after about 70,000 uses (evenb 4nonths). The cartridge contains a polymer sealant that
covers any urine remaining in the cartridge between uses. The urinal cannot be flushed with tap water
for cleaning because the water would cause the sealant to deteriorate.

The UNC maintenance department experienced problems with these urinals and noted appreciable
mineral deposition in the drainage pipes behind the urinals. Accordingly, they replaced most of the
Falcon cartridges with alternative cartridges. These cartddge fitted with a flexible rubber tube
which allows for discharge of the urine during use and folds up between uses to prevent the release of
odors back into the bathroom. The alternative filters allow for the urinals to be rinsed with water by
housekeejing staff so that urine is not allowed to accumulate in the system between uses and mineral
deposition is minimized.

For this study, we pulled several of these Waterfree urinals off the wall and examined the drainage pipes
behind the urinals. Locationwith the following attributes were selected: locations where only the
Falcon cartridges were used, locations where the Falcon cartridges had been used for two years and
then replaced by the alternative cartridges, and locations where only the alternatrsedges had been

used. In each case, high use and low use locations were chosen. The extent of mineral deposition in the
drainage line was captured with photographs, and samples of the mineral deposits were collected. The
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deposits were sterilized (aotlaved), dried, powdered with a mortar and pestle, and submitted fi@yx
diffraction (XRD) and scanning electron microscopy (SEM) analysis.

Additionally, the underlying chemistry associated with these deposits was analyzed using chemical
equilibrium calculations. Starting with the average chemical composition of urine (total dissolved
calcium, magnesium, sodium, potassium, ammonia, chloride, sulfate, carbonate, phosphate, oxalate,
citrate), its pH and acidity, we calculated the pH change accompgtiygnproduction of ammonia and
carbonate arising from urea hydrolysis. The resulting pH, along with the increase in ammonia and
carbonate concentrations, was used to calculate the mineral deposition potential (degree of
oversaturation) with respect to atvite, calcite, calcium hydroxyapatite, and other calcium phosphate
minerals.

Results

Figure 2 is a photograph of deposits observed in the pipe behind a Waterfree urinal fitted with a Falcon
cartridge that was installed 6 months earlier in a high usetloosaEquation 1 illustrates the release of
ammonia and carbonate associated with the hydrolysis of urea.

NH(CO)NK+ 2HOA 2NH," + CQ? (1)
Figure 3 shows the calculated change in the pH of urine as urea hydrolyzes. The increased pH
approaches pl 9.25, the equilibrium pH of an ammonium carbonate solution. Figure 4 shows the XRD
pattern for several mineral deposits taken from pipes behind Waterfree urinals compared to that of
struvite.

Figure 1 (left).
Photograph of the Falcon
Waterfree urinal

Figure ZAright).
Mineral deposit behind a
Waterfree urinal.
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Figure 3 (above, left). Calculated change in pH of urine resulting from hydrolysis of urea.
Figure 4 (above, rightComparison of XRD patterns of deposits sithvite reference pattern.
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SUSTAINABLE POLYMERIC WATER PIPE INFRASTRUCTURE: WHAT WE KNOW
'b5 5hbQ¢ Ybh2 I .h} ¢ [9!'/ 1 LDbD

Andrew J. Whelton, Ph.D.
Assistant Professor, Department of Civil Engineering, University of South Alabama, Mobile, AL
USA
*6021 USA Drive South, EGCB, Mobile, Alabama 36688 USA; T: (251j4t /0 (251) 461
1400; ajwhelton@usouthal.edu

Polymeric potable water pipes are progressively becoming the new interface between the water
GNBFGYSyYyd FIFOAt A& TheyeRorgank Piped dm doAsi&ddIsastairiable, Jbave
estimated 50100 year servicéves, and are being used for buried water pipe replacement and new
building construction globally. With major shifts in planning, urbanization, and infrastructure
constructian on the horizon, engineers and researchers need to better understand the impact of these
increasingly popular materials on drinking water quality and safety. The goal of this project was to
examinehow North American polymeric pipes are manufactured ahehtify to what extent polymer
manufacture impacts contaminant migration from¢gervice and new potable water pipe. Results
showed that while ten dferent types of polymer pipe have been installed in North America (rougBly 2
vendors per materiallpnly a handful of chemical migration studies are publicly available. As a result, the
scope of this work was expanded to include investigations conducted in 15 different couMoes.

than 150 regulated and unregulated contaminants were identified leachiam fdifferent polymer
drinking water pipes. Almost all inorganic and organic contaminants identified were either polymer pipe
ingredients or manufacture byproducts. Compounds were grouped to include: (I) Unreacted monomer
and resin, (Il) Additives such astioxidants, stabilizers, pigments, processing aides, initiators, lubricants,
curing agents, crosslinking agents, flame retardants, fillers, plasticizer, accelerants, solvents, (llll) broken
polymer chains that in general have oxygen functional groupsaating alcohol, ketone, aldehyde, and
carboxylic acids, and (IV) primary or greater derivative degradation products of ingredients. uPVC pipe
has received the greatest scrutiny for two contaminants (lead and VCM), while other materials such as
other PVC yipes, PEs, multilayer pipes, and FRPs have received less scrutiny. Several contaminants
ARSYUGATASR KI @S NBIdAFGSR a/[a& 6S®dadsr §SIFIRI +/ a0z
Contaminant Candidate List 3 (e.g., MTBE), and have received puidi regulatory interest (e.g.,
bisphenols and phthalate¢Yable) This presentation will provide the audience an overview of existing
polymeric drinking water pipe migration knowledge and outline several major knowlgdgs inhibiting
advancement of plymeric pipe as a sustainable infrastructure material.
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Table.Known Contaminants that Migrate from Polymeric Pipes that have USA Federal Regulatory
Drinking Water Limits and those being considered for Regulation

. . Regulated
Contaminant Pipe Types I 2y OSy G NI G2
Barium uPVvC 2000

HDPE, PEXL
Benzene PEX[unspecified] 4
Cadmium uPVvC 5
Ethylbenzene HDPE 1000
Lead uPVvC 15
Styrene HDPE, FRPoly(ester) 700
Trichloroethylene HDPE 5
HDPE, PEXILg
Toluene PEX[unspecified] 200
VCM uPvC 2
HDPE, PER,
Xylenes PEX[unspecified] 100
n¢Propylbenzene HDPE Proposed on CCL3
PEXA, PEXC,

PEX[unspecified], PEXLc

MTBE PEX[unspecified], PEXALC Proposed on CCL3
PEXB
PEXA, PEX[unspecified],
TBA PEXALCPEX[unspecified] Proposed on CCL3

Under consideration
Under consideration

uPVC, FRPoly(ester)
HDPE, uPVC, Rf®P®ly(ester)

Bisphenol compounds
Phtalate compounds

Suspect that all HDPE pipes are unimodal PE materials since no studies reported resin modality and
pipes used before th&990s were generally all unimodal, not bimodal PE; Some PEX studies did not
declare the type of PEX examined. The State of California has a drinking water MTBE regulatory limit of
Mo >3k[ OKSFIfGdK o6F&aSRUOU IyR aSO2yRIFENEB al/[ 27F p
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POTENTIAL FOR CAREIARPTURE AND SEQUEITEBN (CCS) IN FLORI

*4202 E Fowler Ave, Tampa, FL, 33620:82489540; 813974-2957; cunning@usf.edu

J.A. Cunningham*M.A. Trotz, M.A. Stewart, D.Y. Goswarhi
!Dept. of Civil and Environmental Eng., University of South Florida, Tampa, USA
’Dept. of Geologyniversity of South Florida, Tampa, USA
3Dept. of Chemical and Biomedical Eng., University of South Florida, Tampa, USA

It has been proposed that carbon dioxide (C&uldbe captured from large stationary sources, such as
fossiHuel-fired power plants, and then stored underground in geologic repositories, as a means of
This proposed

removing C® from the atmosphere and thereby mitigating global climate change.
2F0Sy OFftSR aOFNb2y OF LI dz2NB

technology A a
investigate three aspects of CCS. First, we are developing new technologies to captusi€i©Omay

be more costeffective than existing technologies. Second, we aredacting a geologic investigation of
what subsurface formations in Florida might be most suitable forst@age. Third, we are developing
models to predict how CQwill behave when injected underground, including geochemical models to
predict what chental reactions will occur when Gdissolves into the native brine of deep saline

aquifers. Our work so far suggests that CCS in Florida appears feasible.

YR

a02Nr 3S

For carbon capture, our team is investigating a material composite, specifically a film of cagilen
(CaO) impregnated on the fibers of a ceramic fabric, i€@aptured by the fiber during a carbonation
cycle in which CaO is converted to CgQGlen released and recovered during a carbonation cycle. The
process is repeatable through multiple B3& as shown in Figure 1 (below), with only a slight loss of
effectiveness in the first few cycles.

Conversion

Conversionvs Time

0.10 .hthL--

0 200 400
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Figure 1: Capture and release of @ impregnated ceramic fabric

If CQ can be captured and recovered from stationary sources within Florida, a tfisteapository is
the Cedar Keys / Lawson geologic formation. This formation is a deep saline aquifer, approximately
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3,000:5,000 ft (1,00Q1,500 m) below ground surface, which underlies much of the Florida peninsula.
The formation is deep enough for €@ be in the supercritical phase and is not considered an

Gdzy RSNENRdzy R a42dz2NDOS 2F RNAY(1Ay3a 6FGSNE o! {520 06SO
capacity for Cgstorage, as shown in Figure 2, below.
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Figure 2: Capacity of the Cedary&é Lawson formation for G@torage

The proposed Cedar Keys / Lawson repository is comprised of carbonate rocks, i.e., limestone and
dolomite. Injection of C&nto the saline brine is likely to induce a drop in pH, which may in turn cause
dissolution of the carbonate rocks in the formation. Therefore, we have developed a geochemical
model to predict the extent of mineral precipitation and dissolution induced by ©®{@ction.

I 2YYSNOALI £ f &thela®ISA FEOBE TA DT NB | pabilyl batdy ddveldping aur 6 A G K
26y Y2RSt 6S 6SNB ofS G2 FraaSaa (GKS aSyardaArorde
sub-models that have been proposed in the literature. We found that all proposed thermodynamic sub
models yield similapredictions, but that predictions are sensitive to the method used for estimating the
fugacity coefficient of supercritical GO Furthermore, all models tested predict that calcite and
dolomite will dissolve and that gypsum will precipitate when,@Qinjected, but that the resulting

changes in porosity will be small. The extent of precipitation and dissolution is sensitive to the
temperature and the salinity of the brine, but not sensitive to the initial pH of the brine, nor,
surprisingly, to the inje@n pressure of the supercritical €O
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CLIMATE CHANGE AND CARIBBEAN CORAL REEFS

Anastasia B.L.P. Deonarinesihgbmatoyo Dalrymple*
University of Toronto, Toronto, Canada
University of South Florida, Tampa, Florida
*179 Emerson Avenue, 416 835 3988sharan333@gmail.com

The Caribbean encompasses a region consisting of the Caribbean Sea, surrounding islands (most of
which enclose the sea) and the adjoining coasts. The region is located between the Gulf of Mexico,

North America, Central America and ulo America. The Caribbean lies mostly on the Caribbean

tectonic plate and comprises of over 7000 islands, islets, reefs and cays. These islands form an
archipelago that extends from the tip of South America along the eastern and northern edges of the
Carbbean Sea, to the southern coast of North America. Geographically, the Caribbean lies in a region
around the equator, classifying it as a tropical region experiencing only two (2) major seasons (wet and

dry) with a hurricane season from June to November.

/| KFy3asa Ay OftAYIFIOGS NS RANBOGfE FFFSOGAY3I GKS /I N
2y Gadzyz aSF yR &alyRé¢ Aada 3IANIRdzZtfte o6SAy3 SaidNe
survive on tourism and fishing is being dramaticaffected. Increasing carbon dioxide levels have
resulted in rising earth temperatures with concomitant high levels of coral reef bleaching. Increases in
storm and hurricane activity have caused destruction of coastal systems. Increased rainfall and
tremendous flooding have brought havoc to the fishing industry. In short, Caribbean progress is being
stifled by changes in climate. The paper which will be presented zeroes in on the extent to which climate
change is affecting coral reefs and beaches in thebBaain. Reefs and beaches have been targeted
because they are invaluable sources of food and income for several countries in the region. The original
paper is divided into four parts which will be made more effective in the presentation by the use of
illustrative slides.

Part 1 shows the importance of coral reefs to the Caribbean. Their significance to marine ecosystems
and the vital relationship between these organisms and their surroundings are factors which are
explained. In this section also, financ#tistics surrounding five (5) coral reefs chosen from the region
are used in support of economic importance. In Part 2, the sensitivity of coral reefs to environmental
changes is examined. Changes in various factors such as rising sea levels, risergpseatures,
changing salinity levels, light intensity and upwelling of nutrients, will be explained. Part 3 delves into
anthropogenic (manmade) forces of human activity as a major contributor to climate change. While it is
a known fact that varying lel® of damage to coral reefs occur through the forces of nature, the harm is
exacerbated by human action. Human impact has been divided into four categories, climate change
being shown to be the most important. This part continues with a discussion onmi&lSdiuthern
Oscillation and how climate change is affecting the intensity of this phenomenon. The connection with
hurricane activity and intensity in the region will be demonstrated. Spin off effects that threaten the
existence of coral reefs and beachastlie region will also be shown. Part 4 concludes with suggested
mitigation and adaptation strategies and policies to counteract the effects of climate change in the
Caribbean. Some of these strategies range from practices that North Americans see amewy
normal, e.g. reducing, reusing and recycling, to huge endeavours that require regional effort, e.g.
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research into different energy sources for the region. Some of these practices seem somewhat alien to
people of the Caribbean, in light of the fabtat our economies have never focused on sustainability but
more on survival and development. The intention is not to throw out the baby with the bath water but
to bring equilibrium and balance. In terms of infrastructure, tourism and overall developmwerihave
reached thus far and must continue the growth process. The objective of the paper is to heighten
awareness and appreciation for our environment, by increasing education levels in local communities,
fostering new respect for our marine ecosystemsdaadvancing the discussion on responsibility,
whether locally or at a governmental or regional level.
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CLIMATE CHANGE ANPMELOPMENT IMPACT$S THE SUSTAINABILOFK
SPRING-ED WATER SUPPLYTEWES IN THE ALTO BRNGION OF BOLIVIA

Lauren M. Fry* James R. Mihelé&David W. Watkirls
Michigan Technological University, Houghton, U.S.A.
University of South Florida, Tampa, U.S.A.
*1400 Townsend Drive, Houghton M| 49931, pha®@6-487-2520, fax:906-487-2943,
Imfry@mtu.edu

Sustainability of sprinfed gravity distribution systems depends on recharge that accommodates
present and future water needs. In addition to a planned increase in agricultural area in the region,
climate change may also result in changes to the watelecy A daily water balance model is used to
predict recharge rates in eleven watersheds, with incorporation of the NRCS curve number method to
separate recharge from runoff. Low cost field methods and publicly available sadeltiteed products

were wsed to collect all data required to calibrate the model. The recharge is then modeled under
scenarios of climate change and agricultural expansion. The annual average temperature, derived from
an ensemble of 14 downscaled outputs for the A1B scenarioufdtaet al. 2009), is expected to
increase by about 3.5 degrees. The ensemble mean precipitation anomaly is positive 34 mr2@ange

to +570) from the current annual precipitation of about 1300 mm. Because of the uncertainty in the
precipitation anomal, climate impacts are modeled using the ensemble mean, plus and minus the
standard deviation. Initial results suggest climate change impacts are may be larger than those from
agricultural expansion, contrary to perceptions that spring flow will declinghér primarily because of
agricultural growth. Finally, the current and projected water use resulting from planned improvements
in water and sanitation coverage is compared with recharge to the springs to evaluate impacts of
changes in population, langse, climate, and water infrastructure development on the sustainability of
continued reliance on natural springs for domestic water supply.
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FORECASTING CLIMEHANGE OF SEA LEREHE IMPACTS ON SAIATER
INTRUSION IN THE BFYNE AQUIFER, THEES SOURCE OF WASHERPLY TO
MIAMI-DADE COUNTY, FLORIBND EVERGLADES SUBFACE

L. Marrerd and H. R. Fuentés
'Research Assistarft|orida Inernational University, Miami, FL
#ProfessorFlorida International University, Miami, FL
*Corresponding Author: FIU Department of Civil & Environmental Engineering, EC 3671, 10555
W. Flagler Street, Miami, FL 33174, PN 305 348 2837, fuentes@fiu.edu

Faescasting the effects of climate change on salt water intrusion in coastal aquifers and their use as
groundwater supply is crucial in the planning and implementation of timely preparedness and actions
by regional and community water users. In the UditStates sea level rise estimates by the
Intergovernmental Panel on Climate Change (IPCC) could annihilate 43 percent of coastal wetlands and
increase coastal flooding. The question herein addressed is the potential impact (e.g., vulneravility and
resilierce) of sea level rise on salt water intrusion in the unconfined Biscayne Aquifer, a part of the
surficial aquifer system in Florida, and a ssteirce of water supply for the southeastern Florida region.
Impacts are expected on both the Everglades ecosysiad the populated coastal urban environment..

Salt water intrusion has been a recurring concern in MiBiile County due to increasing levels of
salinity in coastal well fields as a result of pumping groundwater (Fish & Stewart, 1991). The objective of
this effort is toprovide an assessment framework for the extent of sadter intrusion, including shifts

in the halocline location (i.e.,fresbaline groundwater interface), from scenarios based on the IPCC and
regional historical trends.

Los o, MsL Annual ML Records for tation # 8723970

P 4

o

h(x)

Halocline
z(x)

Fresh ground-water l Salt ground-water

Pe(X)=py(x)

e, B ) Vet 171200

Figure 1: Cong#ual Schematic of the GHB  Figure 2: SLR Linear Projection for
Relation NOAA'S Station # 8723970

The GhyberHerzberg (GH) relation (Figure 1) and variations (e.g., to account for freshwater recharge
and discharge into the sea) is used as the mathematical and computational tool to define scenarios of
impact. The GH relation is an analytical solutionddomogenous aquifer at coastlines that is based on
hydrostatics and the Dupuit approximation for flow in an unconfined aquifer.

The target systems in this study are the Biscayne Aquifer and the Everglades of southeastern Florida,
mainly, MiamiDade County. Both systems are expected to be subject to much stress from the potential
climate changes. The GH relation is herein presented by Equations (1) to (6) for the case of no
freshwater discharge in the sea. Equation (3) represents shifts in ikéngxhalocline as a function of

sea level rise with respect to time. The application is also modified by incorporating Equations (4) and (5)
(Werner and Simmons, 2009) and Equation (6) from (FEMA, 1991).
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£+ NA I 6 SR hhX) whed wh"YD ‘¥ho AT drespectively represent the density ratio, the
density of freshwater, the density of salt water, the height of the water table at a location x inland,
halocline depth as a function of the inland locetj sea level rise and site specific factors to estimate sea
level rise. Figure 2 illustrates trends of sea level rsie along the southeatern Florida coastline from a
NOAA station.

‘ The assesment focused on the impact of sea level rise

on the Biscayne Adi@r in MiamiDade County,

Florida. Scenarios are predicted and analyzed as a

X function of aquifer properties (e.g., hydraulic

E conductivity), spatial variability of aquifer hydraulic

3 e CONductivity  (e.g., along northern and southern
raeaes | transects in the county),ahsity ratio] , estimation of

recharge and discharge in the sea and, as an major

independent variable, the range of predicteda level

scenarios.
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Figure 3: Inland variations on haloclidepths
based on IPCC predicti®n

Assumptions were made to account for the limitations of the analytical relation in, for instance, density
ratios for limestone and hydraulic conductivity variability in the aquifer. Results are analyzed and
conclusions and recomendations scoped as to thpeeted range of effects on the Biscayne aquifer
water table, halocline shifts on the freshwater availability and realted stress on the Everglades environs.
Figure 3 exemplifiess predictions for the halocline location for various estimates of sealdevalong
in-landtransects in the county.
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Climate change and wability brings new challenges to the arid and seamd region of the Western

United States. Increased frequency and duration of climatic extreme, particularly drought, will put
regional water and environmental management system under unprecedentedsdines increasing the

need for climate change adaptation (CCA). The first fundamental step in CCA is a climate change impact
assessment, however the conventional CCA approach has two major shortcomings: 1) lack of integrated
and holistic assessment of phgal and social vulnerabilities, and 2) lack of a participatory approach. In
particular, CCA assessment focuses primarily on hazards or physical vulnerabilities, such as water
availability, floods, drought impact, amongst others. Furthermore, it is ofterivdd from an expert

driven approach that involves downscaling and incorporating future climate change scenarios into
hydrological models (e.g. rainfalinoff model), and coupling the hydrologic model with a reservoir or
environmental system model. Howex; in addition to such physical vulnerabilities, important intrinsic
vulnerabilities, such as soemultural and legal vulnerabilities, that play a major role in determining the
overall impact and burden of climate change needs be considered especiaklytee weaker strata of
society is likely to be most impacted by climate change. The motivation of this research study is to
formulate and implement a systemic approach for a holistic assessment of vulnerabilities of
downstream users and identify critic@lomponents for negotiation, successful collaboration, and
adaptive management that address climate change impacts. The research study focuses on the Pyramid
Lake Paiute Tribe (PLPT) in Truckee River Basin and involves a complex astkebbider syste

with a century long history of conflict and negotiation over values and usages of water and a recently
negotiated settlement, the Truckee River Operating Agreement (TROA) of 2008.

TROA sets up operating arrangements for water allocation and managemsre ifruckee River Basin

by establishing equitable apportionment of water between urban, rural, and tribal water users. Within
TROA, tribal water rights of the Pyramid Lake Pauite Tribe (PLPT) are devoted to protect endangered fish
(such as Cuii or Chasnistes cuiug and the ecosystem of Pyramid Lake. PLPT is uniquely posed, in
contrast to urban and other rural water users, because PLPT culture and livelihood is closely tied with
the Pyramid Lake ecosystem services and cultural values of water. Whike SERQup arrangements for
water management, it does it without explicitly consider climate change impacts, and thus there is a
need to look into the potential of TROA for CCA considering downstream water users. In this research,
we propose collaborativelanning that accounts for plural perspectives in an uncertain climatic terrain
resulting in a great potential for basimide acceptability and success. In this regard, the present study
aims to take the first fundamental steps by building feedback loomb @mstraints of a conceptual
collaborative system dynamics model.
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Our proposed approach of a systemic assessment includes an a) investigation of physical (both technical
and perceptual) and intrinsic vulnerabilities; b) analysis of the evolution of lstddters’ power
relations, conflict, negotiation, and implications for climate change impacts; and, c) establishment of
first fundamental steps in system dynamics modeling by eliciting cognitive map of individuals from
major stakeholder groups through intéews, forming aggregated causal loop diagram or cause map
through group discussions, and developing conceptual cliraatégronmentsociety feedback loop for
individual groups.

Three major steps of the research have been conducted to evaluate thecphysociecultural, and

legal vulnerabilities and future research includes implementing and analyzing a participatory approach.
First, as in conventional vulnerability assessment, we analyzed technical physical vulnerability in Truckee
River Basin againgiimate change through climate scenario assessments. Standardized precipitation
index (SPI) derived from ensembles of 36 scenarios of 16 CMIP models under different emission
scenarios for the basin showed that there are potential for moderetet9<SPKL.0) and even severe
(-(1.99<SPHu ®p 0 2 NJ S£.0)NBOGKRs. Brdgtedsime increase in projected average monthly
temperature is expected for both lower and upper Truckee River Basin with much higher monthly rise in
the later part of the century. &ond, a survey was conducted to explore perceptual vulnerabilities to
climate change on Pyramid Lake Paiute tribal members and managers. Preliminary results from 110
GNROIf YSYOSNI adzNBSea FyR WM Yyl 3SNE QakédwanidS e &
quality, fisheries, and livelihood are some of the key concerns of PLPT tribal members and
environmental managers under the face of climate change. Third, an analysis of power relationships was
performed to evaluate relative stakeholder influs through conflicts and negotiations over Truckee
River water. This illustrated the development of water sharing strategies and changing power
relationships between stakeholders. Results showed that PLPT has transformed from a marginal user to
one of the most powerful groups in the basin. Persistence of PLPT for seeking legal recourse to
safeguard their water rights, bolstered by enforcement of the Endangered Species Act of 1973, appears
to be key contributing factor to their power position. Ongoing reshaactivities includene-on-one
openended interviews that will be conducted to build individual cognitive maps for two main groups of
environmental managers and leaders: 1) PLPT stakeholders and experts andt@paiostakeholders

and experts (e.g. Beau of Reclamation, Fish and Wildlife Services, Truckee Carson Irrigation District,
and Truckee Meadow Water Authority). Then, two separate and larger group discussions will be
conducted to synthesize a group casual loop diagram by involving indvithiellyiewed stakeholders.
Finally, these casual loop diagrams will be developed into system dynamics influence diagram for future
collaborative modeling purpose. These research steps pravidelistic assessment of vulnerabilities of
downstream users anddentify critical components for negotiation, successful collaboration, and
adaptive management that address climate change impacts.

In conclusion, while climate data analysis showed potential climate change impact in Truckee River
Basin, preliminary rests show that PLPT has emerged from a historically weak power position (with
high level of interst/importance but low level of influence) to high level of interest and influénagew

of this, it appears that PLPT is in a better position to safegitardater rights in the face of climate
change. However, future collaborative modeling exercise is needed for trust building, adaptive planning,
and management to address climate change impacts.
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SUPERCRITICALOMUCED CLAY MINERARSOLUTION AND SECONDARY
MINERAL FORMATIOMWPLICATIONS FOR GEOLOGICGEQUESTRATION

Y:-S. Jut, H. Shad Y. Hd, J. R. Rdyand D. J. Gardia
"Washington University, St. Louis. USA
*Department of Energy, Environmental and Chemical Engine&Maghington University, St.
Louis, MO 63130Phone: (314) 938539, Fax: (314) 93R211,ysjun@seas.wustl.edu

Carbon dioxide eqgjuestration in deep saline formations is an attractive opteomong @ologic C©
sequestration (GCS}frategies(1-2). However,dissolution of rocks and secondary mineral formation

induced by Cg&injection could potentially change the physical properties of the geddbficmations,

andthus influence the transport and injectivity of €(3-4). Although theinjection phase of GCS could

last as long as 25 years or mdf), recent studies have shown that supercritical,G§€2CG)-induced
RAa&az2tdziaz2y FyYyR LINBOALAGFGA2Y OFy OKIya&6iKS NROY:

To ensure the viability of geologic £€equestration(GCS)we needa holistic understandingof
reactions at supercritical C® (scCQ)¢saline wategrock interfaces and the environmental factors
affecting these interactions. This research investigated the effectwafous environmental factors
(such assalinity, temperature, pressureand the extent of water on the dissolution and stace
morphological changes ofclay minerals. Rogopite [KM@.g:SkoAL28010(F,OH)], biotite
[K(Mg,Fe)AlSiOo(OH,F)], and muscovite [KAISEADOo(OH,F)] were used formodel clay mineralsin
potential GCS sites. In this work, both flsiid chemistry analysis anihterfacialtopographic studies
were conducted to investigate the dissolution/precipitation omrlay mineral surfaces under GCS
conditions (368 K, 102 atm) in high salinity systems.

For example, for phlogopitelissolution was the gdominant processalinity enhance the dissolution

of clay mineralsand affectedthe location, shape, size, and phase of secondary minerals. In low salinity
solutions, nanoscale particles of secondary minerals formed much faster, and there were more
nanoparticles than in high salinity solutionalthough te bulk solution was not supersaturated with
respect to potential secondary mineral phasésterestingly, nanoscalprecipitates formed. Aomic

force microcopy (AFMyvas utilized to recordhe evolution of the size, shape, and location of the
nanoparticlesNanoparticledirst appeared on the edges of dissolution pits and then relocated to other
areas as particles aggregdteln 1 M NaCl, amorphous silica and kaolinite were identified as the
secondary rimeral phases, and qualitative and quantitative analysis of morphological changes due to
phlogopite dissolution and secondary mineral precipitation are preseniée. effect of water extent

was investigated by comparing scGBO@)cphlogopite and scCQH,O()¢phlogopite interactions.
Experimental results suggested thite presence of ahin water film adsorbed on the phlogopite
surface caused the formation of dissolution pits and a surface coating of secondary mineral phases that
could change the physicptoperties ofrocks(7)

For biotite, on the basal planesnumerous macroscopitibrous illite formed after only 3 h reaction,
although the bulk solutionvas undersaturatedAfter longer reaction timesnicroscalecrackng (22 h)
and disintegration of biotite basal surfacg(h) occurred. These morphological evolutions increased the
surface arean contact with solution, andaccelerated hitite dissolution Meanwhilg a greatly
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diminished amount offibrous illite was observed on the cracked biotite basal plaBgnificantAl-
substituted goethite preferentially precipitateoh biotite edge surfacg resulting in lower net dissolved
Al and Fe than Mg and Si after reaction for 48h.

These results provide new information for understandingactions at scCQ@gsaline wategrock
interfaces in deep saline aquifers, andill help design securand environmentally sustainable €O
sequestration projects.
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The UN Intergovernmental Panel on Climate Change (IPCC) has concluded that to limavgicise
temperature rise to less than 2.4°C, global,@®issions will need to be reduced by 2050 to at least
50% relative to 2000 levels. The International Energy Agency projects that geologic carbon sequestration
should account for as much as 19% of the needed emissions reductions, second only-useend
efficiency increases. For the U.S., a similar analysis by the Electric Power Research Institute estimates
that geologic sequestration could account for one third of the needed reductions, surpassing even end
use efficiency. In geologic carbon sequestratio€$l COis captured from large point sources, and
transported to sites where it is injected into deep geologic formations. To enable the safe, effective and
reliable advancement of GCS, we need to better understand the possibility .de&l@ge from targt
formations. This means understanding the integrity of caprocks as seals for injection formations and the
mechanisms that govern G@igration away from the injection formation.

Partnerships between Princeton, the University of Virginia, Brookhavemidtiaboratory, Lawrence

Berkeley National Laboratory and the University of Provence are coordinating the study of these
LINEOS&da8a G Ydzf GALX S &0FfSad 9ELISNAYSyida aLly €8
processes studied range from gdmwmical reactions to the physics of flow in porous media. (See Figure

1) In this presentation, we summarize the suite of experiments that are planned and underway and we
present recent findings. We seek to demonstrate that this coordinated rdidtiplirary, multiscale

research collaboration will produce transformative contributions to GCS and ultimately advance carbon
management on a global scale.

At the largest spatial scale, there is LUCI, taboratory for Underground GQOnvestigations an
experimental facility planned for the DUSEL laboratory in the former Homestake goldmine in South
Dakota. LUCI is designed to study vertical flow of @©Osedimentary media over length scales
representative of leakage scenarios in GCS. LUCI construction istguoje start in 2013, take 2 %
years, and cost between $40 and $60 million. The scale and accessibility of this facility will permit
measurements that cannot be done in a conventional lab and observations that cannot be made in the
field.

Additional exgriments isolate relevant physical and geochemical processes to generate the
fundamental understanding needed to interpret largarale observations. At intermediate scales,
demonstration column experiments are being planned. A LUCI prototype of ~35 th lemdanned for

the Laboratoire Souterrain a Bas Br(lifSBB), the premier underground lab for geosciences research,
located in France. To guide the design of these experiments, we are planning a 6 m column and have
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already built a 1 m column at the Umiwsity of Virginia. These experiments are designed to resolve
competing hypotheses about multiphase flow of a partially miscible and highly compressible fluid in a
heterogeneous porous medium.

At the benchscale, experiments are underway to study,Qf@operties and reactions in porous and
fractured sedimentary rocks. Inferences are drawn with the benefit of a suite of imaging methods
including XNJ @ O2 YLJzi SR YA ONZ éseateed dldctiai BSEH SEM dminging, Gehe@y
dispersive Xay spectrosopy (EDX), and synchrotrdsased Xay spectroscopy and diffraction imaging.

At Princeton and Brookhaven, an important finding comes from an experiment with a limestone
specimen from a caprock over a L@jection site in Michigan. In a coftooding exgriment, we
exposed this specimen to @@cidified brine at temperature and pressure conditions corresponding to 1
km depth. Extensive degradation of the specimen occurred after 7 days, leading to the conclusion that
caprocks that are carbonate rocks, iadtured, can erode quickly, which could compromise seal
integrity. We also found that differential dissolution of calcite and dolomite produces uneven aperture
growth, complicating prediction of flow permeability.

At the University of Virginia, the aimak been to characterize the balance of interfacial forces at
mineral/supercriticalCQ/brine boundaries and the shear drag forces in the bulk bubbly liquid. Existing
models have neglected to consider how bubble deformation will impact its flow through poras.
Contrary to previous work, our work suggests that at lower pressures, e.g., for leakinga@nic acid
solution could become less viscous during upward migration, potentially accelerating leakage. This
understanding will contribute to more agate predictions of shear drag force and, ultimately, the
processes governing bubble rise.

Figure 1. The span of the mu#itale experiments (A through H) in relation to existing fegldle GCS
demonstration projects (I). A Submicrorscalestudy of C@reactions at mineral surfaces;@ore-scale study of
reactive surface areas in consolidated rocks;raicron-scale study of reactive flow in fractured caprock; Bim-
scale study of interfacial effects on supercritical,@@nsport; E- benchscale column studies; F & &multi-
meter-scale column studies; and-Hield-scale experimental columns
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EVALUATION OF POGREALE MINERAL PRECIPITATION AND PERMEABILITY
REDUCTION OF RELEVANCE TO GEOLOGICAL CARBON SEQUESTRATION

Charles J. WerthAltert J. Valocchj Hongkyu Yodn Karl Dehoff Changyong Zhanhg
L Civil and Environmental Engineeridgpartment University of lllinois at Urbar@hampaign,
Urbana, IL, USA
2Geomechanics, Sandia National Laboratories, Albuquerque, NM, USA
3 Chemical andllaterials Sciences Division, Fundamental and Computational Sciences,
Directorate, Pacific Northwest National Laboratory, Richland, WA, USA

Geological carbon sequestration involves the capture off stationary power sources,

compression of CQo its supercritical state, and injection of the supercritical,@@ deep subsurface
reservoirs, including saline aquifers. During injection, prior model simulations indicate that a plume of
supercritical C&migrates upward and out from the injection poirtnd dissolves into water along the
plume boundaries. In pore water, €@acts with minerals and results in mineral precipitation. Mineral
precipitation can blocks pores, reduce permeability, and potentially affect injection efficiency.

We performedmixing experiments using calcium and carbonate in a-flmugh microfluidic pore
network to explore precipitation rates, the stability of minerals formed, and permeability reduction. A
schematic of our experimental system is shown in Figure 1.

CaCl,

—_—

Na,CO,

HCI to prevent clogging

Figue 1. Schematic of the microfluidic pore network (micromodel) including inlet and outlet ports (left),
and back of the micromodel manifold mounted on a microscope stage (right).

Four different concentration loadings of calcium and carbonate were evalf@et]=[CQ*]=6.5, 10,

25, or 50 mM). We found that the amount of Ca@€cipitation initially increased to a maximum and
then decreased to a steady state value. We also found that the extent of precipitation increased with
decreasing concentrations) contrast to our expectations. Reflected differential interference
microscopy and fluorescent microscopy were used to visualize precipitation, and to evaluate the
corresponding effects on the flow field. Results showing Ga@Lipitation in the pore nevork for the

25 mM experiment are shown in Figure 2.
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Ca® (pH=-6) [Ca?']=[CO,*]=25 mM at 2 hrs

el

COS(pH~11y *

Figure 2. Image of Cag@eciptation along the center mixing line of the microfluidic pore network, with
enlargements of precipitation in selected pores.

We then developed a twdimensional porescale model to simulate mixing and mineral precipitation
using the Laite-Boltzmann

code for water flow, and a 100
finite volume code for reactive an
transport. Only G4 H', OH,
and three carbonate 60
components were considered. 4l
We matched the experimental a2y
data by adjusting the reaction

rate, the reactive surface area, 5 150 200

and the efective diffusion

coefficient. We found that the 6000 : : : : : :

best match of the experiments -~ - Simuation
was obtained when the — - Exp

effective diffusion coefficient
was decreased in proportion to
the square of porosity at the
local grid scale (i.e., 5 micron),
and the reactive surface aae
included all micromodel and
calcite surfaces in the flow cell
An illustration of our best
match to the imaging data for
the 25 mM experiment is
shown in Figure 3. These
results, as well as those
evaluating mineral " =iz . = 5 5's : 35
precipitation for different Time fre)

water chenistry scenarios will . : . L
: Figure 3. Images of simulated (taglcite precipitation after 13
be presented. The impacts of the g g ( precip

results on sequestration of G minutes, and experimental and simulated cumulative area th
geologic formations will also be contains calcite precipitation over time (bottom).
explored.

CaCon precipitaes [pixeld)
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scientific and economic arguments, with economic criteria playing anlavger role. Economic terms

and concepts are now ubiquitous in environmtal policy debates, with discussions over climate change
YAGAILGAR2Y 2FGSy NBG2f GAy3 | NBPdzyR GRAaO2dzyd NI
prominent role when considering activities designed to promote sustainability. Economic priraigtes

play an increasing role in the development of new marlat incentivebased approaches receiving

more attention. Similarly, financial theory is being increasingly employed in the development and
deployment of innovative solutions to environmentalatlenges. Examples include the application of
portfolio concepts to environmental risk management (e.g., water supply), the use of real options theory

for improving longrange infrastructure planning (e.g., mitigation strategies for climate change) and
assessments of the value of information in developing regulatory monitoring networks. Financial
concepts also have important implications for the implementation of various environmental policies in

the developing world (e.g., microfinance) and in emergiogn®emies (e.g., project financing).

w»

This presentation will report out on an NSponsored AEESP workshopdah. y § SANI Ay 3 902y 2
CAYLYOS t NAYOALX S& Ay 9y @DANRY Y SiyWaslingtony BCAJARUSHWA y 3w
26-28, 2011). The objectives were to: (i) Identify new research opportunities for the environmental
engineering community with an improved understanding of economic and financial principles; (ii)
Discuss the principles and teothat would be most useful in allowing the environmental engineering
community to take advantage of these research opportunities; (iii) Develop opportunities for adaptation

of environmental engineering and science curricula to introduce students to {heseiples and tools;

and (iv) Advocate the use economic and financial concepts to highlight the intellectual and economic

@t dzS ONBIFGSR o0& (KS SYy@ANRYYSyidlf SyaaySSNay3a Oz
environmental choicedlVe focugd the conversation around six themes, including:

1. Innovation in Environmental Regulatory Institutio@ommaneand-control regulatory approaches
have been the traditional approach to limiting pollutant releases from both point and stationary
sources typically through concentratiovased limits or technologlpased standards. Increasingly,
more flexible, performanc®ased, regulatory strategies are being adopted (e.g:, ca@@and-trade
program, nutrient credit trading). Engineering research can playmportant role in expanding
opportunities for this type of institutional innovation, by linking incentives, asymmetric information
and behavioral economics to more realistic assumptions about the users of engineered systems.

2. Informing the Design of Emenmental Engineering Systems using Ber@bist Analyses The
annual cost of complying with environmental regulations in the U.S. is estimated at about 2% of
GDP, giving rise to questions regarding the benefits that society derives from these investment
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While it is difficult to quantify all of the costs and benefits associated with environmental
regulations, beneficost analysis (BCA) has become a common and sometimes mandated, part of
many regulatory debates, including social cost of carbon, clirmtigation strategies, and the like.

A greater awareness of the principles of benefist analysis will put environmental engineers in a
position to better identify constraints on the design of engineering solutions and better contribute
to environmentalpolicy debates.

3. Using Economic and Financial Concepts to Improve Environmental Risk Managdnaemyt
research themes within environmental engineering are pursued with the objective of reducing
environmental risk. These risks are associated with phypiahomena, such as flooding and
drought, as well as contaminant release/exposure, both of which can impact human health and
ecosystem conditions. Economic and financial theory can play an important role in structuring and
informing risk management decisis in these areas. Examples of potential applications would
involve climate change, water supply planning, flood risk mitigation, and establishing ambient
criteria and emission limits for naimxic contaminants in both water (e.g., nutrients, sediment) and
air (e.g., C& methane).

4. Assessing Actions and Investments that Promote Sustainabiitthough the concept of
sustainability is difficult to firmly define, all agree that it involves environmental, economic and
social elements. Key challenges inclu@e selecting metrics, both technical and economic, to
evaluate the sustainability of various technologies and policies (e.g., metrics typical ircgclide
assessment); (ii) identifying the range of methods for assessing actions or investments wath cost
and benefits accruing over different time horizons (e.g., climate change); (iii) incorporation of
ecosystem services in design, and (iv) linking better understanding of financial concepts (e.g., real
options) to the development of new implementation siegies for sustainable development.

5. Environmental Engineering in the Developing WorMlithin the community there is a growing
awareness of the tremendous demand for environmental engineering skills in the developing world.
While scientific and technicdnowledge are important factors in improving the sustainability of
societal practices, it is also critical that this knowledge be applied with an understanding of the
economic and institutional realities in these countries. As one example, increased spinathe
lifetime costs of a system (e.g., drinking water) would enhance the sustainability of solutions, as
projects are often undertaken without full consideration of ongoing operational and maintenance
costs, thereby leading to system failure.

6. Integrating Economic and Financial Concepts into Environmental Engineering Educatotrend
that decisions for innovative engineering solutions increasingly encompasdaosfit analysis,
carbon finance and microfinance, venture investment and public Gieaand consider economic
breakeven timeframes, is apparent. The National Academies invoked the importance of economics
FYR FTAYFYyOS Ay INBFa adzOK Fa WwW{2fFN 9ySNR&Qs Y/
researchers or educators, as entrepeurs or knowledge workers in corporate R&D, or by
engagement with norgovernmental organizations (NGOs), or as an investor, the capacity for
students to incorporate economic and finance principles in their research and communication skills
will help mowe the needle in the adoption of solutions for sustainability, and contribute to the
education of a globally competitive US work force.
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THE EFFECT OF URBANIZATION ON URBAN BEMRENT WATER
INTERACTION
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* Corresponding author: Assistant Professor, Email: rgoel@civil.utah.edu

Introduction: ! NblF'y 3INRgGK Aa NBO23aIyAT SR Fa 2yS 2F (KS
society. By 2050 the global urban population is expected to increase from the current 3.5 billion (6.6

billion total) to 6.5 billion (9.1 billion total), whereas the urbarpptation in China, India, and the United

States is estimated to increase by 67%, 300%, and 44%, respectively over this same period of time.
Urbanization directly affects the water quality of surface waters due to a variety of anthropogenic

activities. Wate management is now regarded as the key to the survival of the global population and
sustainable societiesOrganic enrichment and contaminant inputs from urban and industrial discharges,
aguaculture waste, stormwater and agricultural runoff have becoméais stressors to surface water

bodies. Surface water quality deterioration due to nutrients, organic carbon and other inputs is a
widespread problem which is threatening the sustainability of global water resources. Surface water
resources are most conmeent for human use and yet, many surface water bodies have been badly
contaminated with nutrients, organic material and other pollutants. Addressing surface water quality is

y2g  1S& NBaASHNOK FNBF NBOSyidte NBO23ayAl SR o6& LINJ

' { | K @ndle Jprdan River connects the remnants of historic Lake Bonneville by draining the shallow
Utah Lake through the urbanized Wasatch Valley, a complex of wetlands managed for waterfowl and
migratory binds, and eventually discharging into themeral Great Salt Lake where all pollutants and
inputs are either retained, biogeochemically recycled, or released into the atmosphere as gases
following various transformations. The Jordan River has been heavily manipulated and affected by
anthropogenic ativities including channelization, flow control, diversion, riparian/wetland removal, and
the pollutant and sediment loadings associated with an urbanizing valley. Recently, a Total Maximum
Daily Load (TMDL) studies have been initiated for the Jordan, Rherupstream Utah Lake, and
potentially the downstream managed wetlands and Great Salt Lake in attempts to better understand
and manage these valuable surface waters as a watershed complex. As part of the Jordan River TMDL,
Sediment Oxygen Demand (SODbps been seasonally monitored at 7 primary sites and 15
supplementary sites along the length of the Jordan River. However, in our past and ongoing research
efforts, we have noticed that unaccounted processes such as hyporheic zone exchange, periphyton
resgration and organic carbon speciation (coarse versus fine particulate matters) play an important role
in DO dynamics in the urban Jordan River.

In this transformative and highly applied research, we have adopted traditional methods and have
developed n& techniques to quantify the contributions of hyporheic zone exchanges, sediweter
column interactions, and periphyton respiratiohbhe primary objectives weré¢o: (1) evaluate seasonal
SOD to determination temperature effects (2) evaluate dbetribution of periphyton on Reach based
stream metabolism (3) explore the contributions of hyporheic exchanges and nutrient fluxes.

Results and Discussio®OD was determindd-situ using 36L open bottomed aluminum chambers that
encapsulated a sediemt area of 0.16 1 One closed bottom Control chamber containing ambient river
water was used to subtract the oxygen demand associated with the water column. Average measured
seasonal SOD values greater than 1 g D@lay have been observed throughout thizzer as shown
below in Table 1.
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Table 1. Average Reach based measured SOD values for the Jordan River

Seasonal Avg

Reach # (g DO/m**d) Std Dev Number
1 2.52 0.72 24
2 2.03 1.04 11
3 1.28 0.53 26
4 2.81 1.82 23
5 2.64 2.31 8
6 1.44 0.73 9
7 1.90 0.33 2
8 1.51 0.86 4

LR1-3 1.90 0.90 61

UR 4-8 2.36 1.72 46

Note: All values presented as measured rates, not normalized to 20°C

It should be noted that all SOD values are presented in their measured formgrakygen demand
associated with the water column) due to the large amount of inconsistencies noted while normalizing
SOD rates to 20°C. Winter SOD values measured during 2009 & 2010 were routinely as high, or higher
than summer and fall measurements. Thias attributed to various other factors more influential than
temperature, such as turbidity, river flow rates, shifts in the benthic communities, changes in
sedimentation, and seasonal fluxes of CPOM.

The sections located within Reache8 &re consideed the Lower Jordan River (LR) due to the diversion

of the majority of the rivers flow and stream energy away from the mainstem of the Jordan River for
flood control in Salt Lake City. Reaches 1 and 2 have experienced DO infractions and SOD rates are
undoubtedly influenced by the large amount of siltyuck sediments present resulting from low flow
velocities, decreased reaeration rates, and an abundance of course and fine particulate material (FPOM
and CPOM) originating from both allochthonous and autoohtius sources. Sources of organic
material originating as leaf litter and upstream autotrophic biomass are assumed to be the driving force
behind SOD in the Lower Jordan River. This has been informally confirmed by the observation of large
amounts of flammable swamp gas that are liberated from these sediments upon disturbance. Further
attempts to qualify and quantify the sources of organic material, gas emissions and the diffusion of
reduced ion species are ongoing.

Although no DO violations have been obg in the Upper Jordan River (UR), which is characterized by
faster flowing waters, elevated reaeration rates, and sediments composed of sands, gravels and cobbles,
high SOD rates have been continually observed. These high SOD rates are assumed/ém ty dhdth
heterotrophic and autotrophic respiration in addition to hyporheic exchanges. Three additional 36L
chambers constructed from clear lexan with an enclosed bottom were used to measure SOD and
primary production (PP) rates using buried traysdilldth sediments and left in the river for 6 weeks to
allow benthic colonization. SOD was initially measured in the clear chambers by surrounding the
chambers with black garbage bags and PP was estimated by removing the bags and measuring the rate
of oxygen production until saturation was achieved. Preliminary results show the existence of an
autotrophic benthic community at many of the sites and SOD/nutrient flux comparisons with the open
bottom aluminum SOD chambers suggest that multiple of the UR aresnfluenced by hyporheic
exchange. We have nearly finished all needed experiments and in the process of analyzing the data.
Detailed results on how the aforementioned affects the sustainability of surface waters will be
presented in the conferenceThisis also one of very few research efforts to evaluate the effect of
hyporheic zone on surface water quality. This research has tremendous benefits to decision makers and
local municipalities in their dialogue exchange about TMDL process and in generdl thbou
sustainability of surface waters
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Introduction

Wastewater treatment plant (WWTP) design has traditionally been driven by effluent permit
requirements and cost, with minimal consideration for broader environmental and social factors that
influence system sustainability. Social factors can, to a degeeaddressed with gqualitative tools and
stakeholder participation. Environmental, economic, and technical aspects of design, however, require
a quantitative approach capable of embracing conventional design objectives while addressing emerging
concerns ér environmental sustainability. Thebjective of this work is to develop a transparent
guantitative sustainable design methodology to economically reduce meaningful environmental impacts
of wastewater management. Using life cycle assessment (LCA),npreseth analysis, and
deterministic WWTP process modeling we are evaluating the design implications of broader
environmental impact constraints (e.g., life cycle global warming potential) on WWTP design. Although
this quantitative sustainable design framvork can be applied to any number of engineering challenges,

it will be demonstrated here through its application to a WWTP upgrade in the Hampton Roads
Sanitation District (HRSD) in Virginia, USA.

Quantitative Sustainable DesignProblem Formulation

For a given WWTP design challenge, be it an upgrade or a completely new plant, engineers must
account for localityspecific factors in their design process. These factors range from wastewater
composition to the professional experience and preferenceprofect stakeholders. In addition to

dictating which configurations shall be considered, locajgcific factors will also influence the
aStSOlAz2y 2F St OK 02y Fele@anNbf tha deslo that Ry Ochadjus2d/(sodls NA | 0
residencetime, SRT; hydraulic retention times, HRTSs; recycle flow rates; étcgrder to advance the
sustainability of WWTPs, what is required is a tool that can optiggzision variable§) givenlocality

specific factorgs) while addressing both traditiml and emerging design objectives.

In order for wastewater utilities to continue to provide vital services to populations in the face of
increasingly stringent performance requirements, the goal of both traditional and (arguably) sustainable
WWTP desigwill be the minimization ofife cycle cost$cos). To this end, we have developed a design
methodology that operates as a single objective optimization (the minimizatiooos) subject to
traditional (effluent permits) and emerging (local, regionahdér global environmental impacts)
performance constraints.

Additional Design Constraints for Environmental Sustainabilityn order to protect the local (or
downstream) aquatic environment, WWTPs are required to achieve certain effluent quality standar
Permit requirementstherefore, are included as constraints in the traditional design progsmsnit).

These constraints, however, do not address emerging concerns for local, regional, or global
environmental sustainability. In order to addresssthieficiency, we are addidife cycle environmental
impact constraintglife_cycle_enyito the design process in the form of npdint indicators (e.g., global
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warming potential) determined via LCA to evaluate their impact on life cycle costs, WWTR aledig
performance. The inclusion of life cycle environmental criteria as constraints rather than an objective
Fdzy OiA2y KIFa GKNBS FRGIFyidl3Say OAO0 AG A& Y2NB
constraints, (i) it more accurately regsents the environment as a limiting factor that requires us to
operate within a set of impact boundaries, and (iii) it avoids the direct comparison of environmental
versus economic tradeffs, as well as tradeffs across environmental criteria that malge
incommensurable or incompatible.

Optimization Problem. With this problem formulation,
the sustainable design of a given WWTP configuration can
be represented as a single objective optimization problem:
minimizecos{Xx, s)
subject to: permit(x, s) = TRUE;
life_cycle_envx, s) = TRUE

b) local environmental impact

Preliminary Results

Preliminary results have been generated from the
application of this methodology to the design of a
Modified Ludzaclettinger (MLE) process. As seen in
Figure 1 decision variables that reduce Ilocal
environmental impacts (i.e., improve WWTP effluent
qualty) may, at times, result in greater global
SYGANRYYSyYy Gt AYLIOGa | ONRaa
differing trends inFigure 1bvs. 1¢). A reduction in life
cycle cost Kigure 13, however, may at times be aligned
with either a reduction in global enginmental impacts or
local environmental impacts depending on the specific

SRT, days

A . B ¥ & A situational variabless, and the WWTP configuration under
Asrobic Reastor HRT, howrs consideration. Although an idealistic target would be to
B owvalue | | high value develop technologies that simultaneously reduce present

worth in addition to local and global environmental
Figure 1. Influence of MLE decisiol impacts, we expect that most (if not all) traditional
variables solids residence time (SRT, biological processes used in industry will require tradifs
axis) and aerobic reactor hydrauli &mong these design characteristics.
retention time (HRT, -axis) on (a)
present worth, (b) effluent total Presentation Content & Outcomes
nitrogen, and (c) life cycle dial The work presented in Julyiwbe a comprehensive
warming potential.  Arrows indicate demonstration of the application of this quantitative
desirable traits: (a) decreasing cos Sustainable design methodology in the context of a 20
decreasing (b) local and (c) glob Million gallon per day (MGD) WWTP upgrade being
environmental impacts. planned in the HRSD. Although this methodology will be
discussed in the coakt of WWTP design, this framework
can be applied to a wide range of engineering challenges and disciplines to evaluate the economic and
engineering implications of design and policy alternatives aimed at reducing local, regional, or global
environmental impacts.
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STAKEHOLDER PRIGESTHOR WATER AND HANION DEVELOPMBNT
LEOGANE, HAITI

Patrick L. Guriart* Steve O'ConndrHeather Galada Franco Montaltd, Michael Piasecki
Mimi Shellet
Drexel University, Philadelphia,PA, USA
“City College dflew York, New York, NY, USA
*Department of Civil, Architectural, and Environmental Engineering, Drexel University,
Philadelphia, PA, 19104, phone: (215) 8889, fax: (215) 899363, pgurian@drexel.edu

The importance of incorporating local knowledge gmeferences into development plans has been
acknowledged for decades but has often proven difficult to achieve. Evaluation of different strategies to
eliciting local input may help address this challenge. This study conducted a survey of residents of
Leogae, Haiti to ascertain their water and sanitation needs and preferences. The study then conducted
and evaluated a participatory workshop to elicit local knowledge and preferences for water and
sanitation redevelopment in Leogane, Haiti, the epicenter & dlanuary 2010 earthquake. Workshop
participants developed proposals for reconstruction in breakout groups, and these proposals were voted
on by all participants to develop a ranked list of redevelopment priorities. These projects were
overwhelmingly physal (construction) projects with only two projects including an explicit
organizational component (e.g., organizing committee). None of the projects received votes from a
majority of participants even though each participant was allowed three votes. Téperdion of
preferences is seen as evidence of a process that has not yet reached equilibrium. This interpretation is
supported by a preand postsurvey in which a majority of participants indicate that the community is
not ready to act but requires morme to assess the situation. Proposed projects in some cases aligned
with and in some cases diverged from expert conceptual models. For example, proposals to tap the
artesian aquifer, repair and extend existing pipe networks largely agree with goveramant
international aid organizations planned activities. However, several proposals emphasized reservoir
development, which does not appear to be a technical requirement given the storage capacity of the
available aquifers. The highest ranked projectsl diot have serious conflicts with technical
understanding. Some divergence in attitudes may exist, as one proposal emphasized extending service
to all homes while another stated that payment should be required for services. The proposal indicating
that payment should be required was ranked above the proposal indicating that service should be
extended to all homes. This is consistent with the results of the survey which found that 76% of
respondents were willing to pay for access to safe drinking water &% @were willing to pay for a
reliable sanitary system.

A second round of breakout groups was then conducted in which participants identified strategies to
implement the previously identified redevelopment projects. As with the first round, votes were
dispersed among a large number of projects. The highest ranked seocoumdl breakout group ideas all
involved substantial roles for international organizations.-Paed postsurvey results indicate that

many participants see outside aid as important for reglepment, although most also see some
progress as being possible through local efforts. Survey results also suggest that many see government
as having an essential role in convening local development efforts. Local and central government are
preferred by nany as the appropriate authorities to own, operate and/or regulator water supplies
(Figure 1). This may be problematic given current governmental capacity, and is at odds with current
government policy that envisions a large role for regional governmethfpaivate contract operators.
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While a single workshop cannot achieve consensus priorities, it does reveal key decisions for which
technical input could be acquired and fed back into the participatory process. In this case these inputs
would likely consisof costs and pricing of different infrastructure options, as well as experience with
different management and governance structures for infrastructure systems. The workshop results also
suggest a role for capacity building for local entities to implensrth participatory methods in order

to help the process proceed further towards the identification of actionable plans for redevelopment.

40%
35% ® Individual Residents
30% m Local Government

25% = Local Water Committee:
20% m National Government

15%
10%
5% -
0%

m Private Sector
m Regional Governmen

Own and manageOperate the systenRegulate determine
supply cost

Figure 1: Survey respondent preferences for different management options for water supply (N=166)
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SUSTAINABILY ENGINEERING EDUCATION: A BRIDGE TO INTEGRATION INTO
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Liv M. Haselbach* Deborah AscheBarnstoné, Shane Browh Michael E. Wolcott
123 Yvashington State University, Pullman, WA, USA
*109 Sloan Spokane Street, Pullman WA 992820, 509 3351874, fax 509 33%632,
haselbach@wsu.edu

As sustainability goals are being recognized as critical components for the development of our world,
there is also a need to incorporate sustainabilitygaeering education into the curricula at our
universities. However, sustainability engineering is not a topic that can be contained in a single course,
or adequately covered in many of the traditional educational settings. By nature, sustainability is
interdisciplinary, complex and multidisciplinary. In addition, many of the technologies and policies that
might afford a more sustainable world are rapidly developing or not even imagined yet, so the
methodologies for incorporation must be flexible and dynemesponding to new research directions

and differences in practice as sustainability criteria are established and accepted. Both students and
practitioners need educational opportunities to more effectively integrate sustainability concepts into
practice and research for future technologies.

Various aspects of sustainability are being integrated into Civil and Environmental Engineering curricula
across the country, in many formats and focusing on many of the sustainability tracts, from energy to
water, and from infrastructure needs to climate issues. This work represents a summary synthesis of
many of the techniques and case studies of incorporating sustainability engineering education in higher
education. It then details two applications that direcéyd in integrating sustainability engineering
education into practice. It is being submitted in response to Track 7: Integration of Sustainability into
Practice.

The first application represents a major addition of a course with the introduction of a-disdiplinary

full year Interdisciplinary Design Experience (IDeX) class at Washington State University. The experience
is in its second year. The first year focused on an organic farm project, bringing together engineering,
agricultural, architectural ath construction management students at the University campus. The second
year experience has expanded to a green development design in conjunction with a city in Washington,
with interactions extending to many of the professionals and practitioners in ¢baimunity. Course
guestionnaires and interviews have indicated the effectiveness in the communication contributions that
the IDeX experience can result in, both for the students and the faculty involved.

The second application is the introduction of a mdansulting service project for graduate students
who are taking a dedicated sustainability class. The-ounsulting service projects allow the students

to work with many other disciplines that they mdken collaborate with in practice for a more
sustainable infrastructure. Some of the projects are for service in other classes, such as in an
architectural studio. Many of the projects are support for facility, operations, or construction projects on
cammpza 2NJ 4 GKS addzRSyidQa LXFOS 2F SYLX28YSyidlod ¢K!
reduction features, estimates of sustainability improvements with changes to lighting fixtures or paper
towel use, and work on various planning projects suchiagcle maps or landscaping needs. These-mini
projects have been developed since the demand for sustainability classes has resulted in large
enrollments, for which there is still a need for interdisciplinary interactions, especially for the
development ofinterdisciplinary communication skills, but which cannot be accomplished in dedicated
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course team projects due to limited resources. Preliminary survey instruments have indicated that
these miniprojects are effective in developing interdisciplinary coamication skills and furthering
understanding of the contributions that other disciplines provide in sustainability design.
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GLOBAL HIGH RESOLUTION FRESHWATER EUTROPHICATION IMPACT
CHARACTERIZATION
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'Environmental Science, Radboud Universiteit Nijmegen, Holland
“Environmental Health Sciences, School of Public Health,
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* School of Public Health, University of Michighé20 Washington Heights,
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Providing adequate food supplies to a growing global population while minimizing environmental
impacts will be one of the grand challengefsthe first half of the coming century (Lupien and Menza
1999; Tilman 1999). An increase in population to nearly 8 billion by 2025 could be accompanied, for
example, by Jold increases in application of synthetic fertilizers. Fertilizer, in turn, maye h
implications for ecosystem health and human heaftrand food supply¢ via eutrophication, the
oversupply of nutrients and subsequent oxygen depletion in a water body.

In Life Cycle Assessment (LCA) methods, eutrophication has classically been dreatatnrspatial

basis, or has been at the relatively broad resolution of countries or states, such as in the TRACI and
ReCiPe models (Norris 2003; Struijs et al. 2009). However, the location of an emission can strongly
affect the expected eutrophicationmpact. In this project, freshwater eutrophication due to
phosphorus emissions was modeled on a global scale with a 0.5 degree resolution. For this purpose, a
new fate model was developed that 1) estimates phosphorus fate and transport for point argoirn
emissions, and 2) estimates the environmental damage, in terms of species affected, for these
emissions.

The hydrological component of the model, which routes water from grid cell to grid cell, as well as
estimates of main water bodies arsdib-grid water bodies, uses the global river network and attributes
developed by Vdorésmarty et al. (2000). Mass balance differential equations for phosphorus were based
on Harrison et al. (2010). Loss of phosphorus in water bodies is modeled by outfibesdownstream

grid cell, retention in water bodies, and water use by humans (Wollheim et al. 2006), and removal by
humans. Effect factors for phosphorus are derived from macro fauna data converting a concentration
into a species effect (Payet 2006; st al. 2010).

Sensitivity and scenario studies of the fate model have confirmed its robustness and show that local
hydrological properties have the most influence on fate factors for phosphorus. Cells with high
residence times, e.g. due to lakes, adimiite the most to the total eutrophication impact. The resulting
characterization factors are the first to enable a global life cycle impact assessment of freshwater
eutrophication for worldwide phosphorus emissions. Such a tool allows for the consissessment of

the impacts of globalized production, e.g. in the case of complex products whose components are
manufactured in several locations, countries or continents.
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An estimated three billion people in developing countries obtain their prinegngrgy needs (e.g., for
cooking and space heating) largely by burning indigenous solid fuels (e.g., wood, coal, charcoal, crop
NEAARASI | yR-aR&YyIdE 2YISFiRNBIEE yR AYySFFAOASY(H 022
of solid biomass releasdarge amounts of particulate matter, carbon monoxide, and other toxic
LRftdzihyda dGKFG FFFSOG KdzYly KSIFE GK AR 295y i RALBIZ
fires are the predominant means of producing energy, a large government efforderway to have

100 million homes adopt clean and efficient stoves by 202@&t uses less fuel and produce less
pollution. However, information on the performance and carbon emissions of many of these improved
cookstoves and their potential impact on clireafre limited. Carbobearing compounds impact

climate by absorbing and reflecting incoming solar radiation. Combustion efficiency, the carbon-dioxide
to-carbon monoxide (CLCO) ratio is a major primary indicator of stove performance. Incomplete
combuston produces carbon pollutants that fall into two general categéigaseous phase: G@nd

CO, and particulate phase: organic carbon (OC), elemental carbon (EC), and black carbon (BC). The
proportions and the species of carbon released are influenced grakfactors, that include cookstove

type, fuel type, fuel moisture content, and combustion conditions. Feity(46) aerosol filters obtained

from a cookstove study performed by Jetter and Kariher (2009) were analyzed using togtioal

analysis (TOAfor OC/EC and EC/TC ratios (Kkaml. in review. These ratios are important for air

quality, dispersion, and climate models to forecast regional and global weather patterns (Hareen

2000; Jacobson, 2001). The aerosol filters represented 1@ty combinations using a modified
version of the Water Boiling Technique (WBT) (Bailisl., 2004) (Table 1). Results from the TOA
showed that OC concentrations can be as much as 2.5 times greater than EC concentrations. A summary
of the EC/TC ratioss illustrated in Figure 1, for the different stove/fuel combinations shows that (i) EC

can account for over 80% of the total carbon (TC) in the particulate phase and (ii) stove type is a major
factor in carbon speciation distribution.

A more current, more comprehensive study was conducted in 2010, in which aerosols from 24
stove/fuel combinations using the WBT were (i) collected on qtfdrer filters and analyzed for the
OC/EC content by thermalptical analysis (TOA) and (ii) measuntinuouslyin situ (not on filters)

for light absorption and scattering using a photoacoustic soot spectrontetieree wavelengths (PASS

3). Data analysis on this study will focus on comparing the distribution of carbon species emissions
among the diferent stove/fuel/combustion combinations and the relationships between TOA and-PASS

3 measurements. Results of this study will provide carbon emissions data from a variety of cookstoves
types that can offer useful insight when addressing nead longterm actions for climate change at

the local, regional, and global level.

Table 1. Cookstove/Fuel/Heating Phase of the WBT combinations. The WBT involved collecting aerosols
during three heating phases: (1) Cold start with water at room temperature witthe stove operated

until water reaches boiling temperature, (2)-Hot start commences immediately after the completion

of cold start. The pot is refilled with room temperature water and the stove operated until water reaches
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boiling temperature, and §3S¢ simmer phase begins immediately after hot start with the stove, pot,
and water hot. The stove is operated until water temperature is just below boiling point.

No Cookstove Fuel Heating Phase*
1 Open fire (3stone) Kilndried Douglas fir S

2 GTzZ Charcoal HS
3 Philips Kilndried Douglas fir CHS
4 Philips Seasoned oak CHS
5 UCODEA rocket Seasoned oak CHS
6 UCODEA rocket Charcoal HS
7 VITA Kiln-dried Douglas fir Cs
8 VITA Seasoned oak S

9 WFP rocket Kiln-dried Douglas fir CHS
10 WFP rocket Seasoned oak CHS

*WBT: G cold, H hot, Ssimmer Bailis et al., 2004

| 4 2D 4142 261927 42 20 2243 32 32 45 3346 34 3921 2535 35222937 2330 2431 7 8 181 5 14 6 13
|SIHSS”:HHHSSS“CCCHHSSIHHH s”:c:CHHss”cssl s CHHSS

3- GTZ Philips Philips UCODEA UCODEA WITA  wWITA WFP
51?”9 charcoal fir ocak charooal oak fir ocak fir ocak oak
ir

Figure 1. EC/TC ratios for different cookstove/fuel/WBT combinations using TOA.
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INTEGRATING SUSTABNATY EDUCATION AREBSEARCH THROUGHBALO
EXPERIENTIAL LEARNIN

B. Minsker*
'Professor and Assiate Provost Fellow, University of lllinois, Urbana, IL, USA
*3230d NCEL, Mg50, 205 N. Mathews Ave., Urbana, IL 61801, (2176263 (p), (217) 333
6968 (f), minsker@illinois.edu

Significant sustainability challenges face our global society today, including the rising costs and
insecurity of norrenewable energy sources; the social, economic, and environmental toll of poverty and
disease across the globe; and the depletion andugison of the natural resources upon which our
OABGAtATFGA2ya RSLISYR® Ly HnngX GvsiBnto! synil@neosly A G& 2 7F
promote a high quality of life foall people and healthy and diverse ecosystérisough community

and campushased education, research, and engagement, both locally and across the globe. This paper
summarizes how lllinois is implementing this vistbrough a core strategy around global experiential
learning. The following components of the strategy are summarized below, along with the status and
next steps: (1) define sustainability learning objectives; (2) inventory current courses and programs and
identify gaps; (3) develop sustainability curriculum to fill gaps; and (4) createtdamgexperiential
learning sites, both locally and globally.

As a first step in this process, a camymsel committee created a set cfustainability learning
objectivesthat define what every lllinois graduate should know about sustainability. These objectives
serve as a guide for units to adapt to the unique needs of each field and for stutteristter
understand the knowledge and skills required to address sustainability. The Department of Civil and
Environmental Engineering (CEE) has adapted these objectives to the six learning outcomes shown in
Table 1, which are guiding our curriculum degehent efforts. The CEE effort is defined more broadly

on multidisciplinary and global education, but has a strong sustainability focus.

Table 1. CEE Multidisciplinary and Global Educational Outcomes

Understand how their lifestyle, wellbeing, and pee$ional practice are interconnected with
diverse communities and ecosystems around the world

Develop a personal and professional vision for local, regional, and global sustainability of ng
and built environments.

Understand interactions betweerealworld engineering solutions and the environment, societ
(including cultural, governance, and ethical issues), and economy, in both global and domes
arenas.

Ability to function on a team with other disciplines (within and outside CEE).

Understandhow to be effective leaders in advancing the frontiers of CEE.

Design holistically by coupling expertise in their specialty with an understanding of sigsteim
interactions and issues that affect their designs.

The second step in the experiential teang strategy is to inventory current courses and programs to
identify gaps that limit achievement of the outcomes. At the campus level, a Web site search and

'Here we use the term fiecosyst ems-bvindBathasystenythatsupporta c | ude t
human and nohuman life.
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department survey were completed to inventory available courses and programs across allngiscipli

and prepare a single Web page summarizing the findings. Many of the relevant courses and programs
GSNBE y20 aLISOAFTAOFfte OFffSR dadadlAyloAtAaleze @
department level, a faculty survey produced a simifareintory of courses that achieved the learning

outcomes identified in Table 1. A new primary specialty area in Sustainable and Resilient Infrastructure
Systems and three secondary specialty areas in Sustainability, CEE in a Global Context, and Custom
Multidisciplinary were also created to better prepare students to integrate technical depth with a broad
understanding of systerevel interactions. Increased efforts to coherently publicize the many and

diverse sustainability activities are now being pursuetah the department and campus level.

The third step is to develop sustainability curriculum to fill the gaps identified in the second step. The
campus launched the Prairie Project Curriculum Development Program in 2010. Initially modeled after
the Piednont and Ponderosa Projects that are taught in the Association for the Advancement of
Sustainability in Higher Education (AASB&stainability Across the Curriculum Leadership Workshops
signficant modifications are now being made to focus more heavily on handsurriculum
development, integrate with the lIllinois Climate Action Plan, increase formal assessment, engage
campus leadership to encourage faculty to participate, and celebratetyasutcesses. A campusde
Scholarship of Sustainability Series has also been created, with public discussions on the seminal
sustainability literature and debates linked to courses across campus, which engaged hundreds of
students, faculty, staff, and aamunity members in its first offerings. At the department level, two new
faculty awards are being created. The first award, CEE Global/Multidisciplinary Fellow, would provide
funding and recognition for modifying or creating new courses to address themete given in Table 1.

The second award, the Global/Multidisciplinary Teaching Award, would recognize faculty who have
brought significant global and multidisciplinary innovation into the CEE curriculum.

Lastly, but most importantly, the above efforts itified a clear need to increase hande learning on
realworld sustainability problems, both locally and globally, which is necessary for students to
understand the complexities and interconnections that drive sustainability problems. However,
developingpartnerships, obtaining relevant data and models, and investing in needed infrastructure,
such as instrumentation and cyberinfrastructure, can be time consuming and difficult for individual
faculty. Therefore we are creating lotgrm experiential learnig sites that integrate research and
education through handsn learning in close collaboration with external partners. In Spring 2011, a CEE
graduate course in Environmental Systems Analysis is exploring two emerging experiential learning sites
inthe Upp&NJ 9 YOl NN> a 2FGSNEKSRZI 4KAOK AyOfdzRSa LffAy2Aa
Basin in China, which is a partnership with a similar graduate class at Tsinghua University. Students are
working in teams to define the sustainability problem throusfiakeholder interviews and research,
delimit system boundaries, define methodologies for addressing the problem, and implement their
approaches. The students are supported byirdual environmentalbbservatorythat contains available
geospatial data and metadata and an online course management system (Moodle). Lectures and
discussions are recorded for viewing by the Tsinghua students. Both classes will visit the Shiyang River
Basin to interview stadholders in March 2011 and the results of their work will help guide the next 5
year management plan for the basin. Results will be reported at the conference. Future plans are to
expand these sites to allow multiple courses from different disciplinesnterdct in advancing
sustainability of the watersheds and their supporting infrastructure, as well as creating other
experiential learning sites.
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INTEGRATION OF RESEH, EDUCATION ANDIREPENEURSHIP IRURAL
PERUVIAN COMMUNITY

Lupita D. Montoya*and Ursula A. Harman
! University of Colorado at Boulder, Boulder, USA
Pontificia Universidad Cética del PerfiLima, Per(
*Engineering Center ECOT 514, 428 UCB, Boulder CO®0389(303) 492137, (303) 492
7317 FAX, Lupita.Montoya@colorado.edu

The goal of this paper is to present the results of a binational effort that has synergistically integrated
engineering education, entrepreneurship and research to promote the sustainable development of a
rural community in Peru. This work is presentechasase study for engineering educators who continue

to search for new models of education that seek to engage students idotite learning, civil
engagement and sustainability. A variety of projects have been performed in a period of four years and
haveinvolved students from the United States and Peru as well as members of the Andean community
of Langui, Peru.

The multidisciplinary team leading this effort has formal training in Mechanical and Environmental
Engineering as well as Environmental Healtti®dogy and Economics. Notably, this team has included
members of the local community from the beginning. Dr. Montoya has led this effort from the United
States as faculty member in two different institutions (Rensselaer Polytechnic Institute and the
University of Colorado at Boulder) and Ms. Harman as Social Projects Coordinator of Support Group to
the Rural Sector (Grupo de Apoyo al Sector Rural), a unit within the Engineering Department at the
Pontificia Universidad Catdlica del PERIUCR)

The smaltown of Langui is located in the Canas province in the Cusco region of Peru. With an average
monthly income of about $60 USD per capita, families in this area are amongst the most
socioeconomically disadvantaged in Peru. Consequently, a main goal oblhisoration has been to
develop appropriate technologies that provide sustainable sources of energy, water and air for this rural
population while providing avenues for business enterprises based on the introduced technologies.
These technologies have é&e developed and implemented through interdisciplinary student design
teams with the participation of the community. The technologies developed through this collaboration
have been implemented on our flagship project, #edean Ecological Honf€asa Ecégica Andina) in

the town of Langui. A recent (Spanish) videoduced by Grupo about this project can be viewed at
http://www.youtube.com/watch?v=yHgF1YzKqyYhis home is a center foraining and technology
transfer where our team now conducts workshops for the local communities to promote the adoption
of these appropriate technologies. Such workshops have also been offered in response to local demand.

More recently, our efforts havdocused on promoting the local dairy industry and to assist the
community in the certification of their products and accessing the larger markets. Under this project, we
have conducted surveys to determine the local dairy production and the potential miark&usco city,

the largest city in the region and a world tourist destination. These surveys determined that the average
local dairy production is low and does not merit the pursuit of certification on an individual household
basis. Additionally, the mket survey determined the existence of a demand and identified specific
impediments for the local producers to access this market. This work is now being incorporated into a
PhD thesis in Ecological Economics at Rensselaer Polytechnic Institute.
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Anothermajor research effort has been evaluating the indoor air quality in Langui as part of a PhD thesis
in Environmental Engineering at the University of Colorado at a Boulder. This research focuses on the
characterization of both (biomass) combustion and kjidal aerosols present in these environments
since previous studies have found them to synergistically worsen respiratory health. Pilot studies have
been conducted to determine indoor BMlevels in the summers of 2009 and 2010 involving 17 and 30
househdds, respectively. Results showed that the levels of £iMthe majority of these households
regularly exceeded the World Health Organization guidelines fdrazd PM s and the largest emissions
occurred within the first hour of stove use. Significaatiuctions in indoor Pl and black carbon
concentrations were achieved after improving a traditional stove using local materials. Carbohydrate
and protein levels were also measured to evaluate bioaerosol contributions tg &M PM,. Though
significart improvements were made with stove modifications, additional appropriate technologies will
be required to limit demand for biomass combustion indoors and minimize biological sources of indoor
air pollutants. Such technologies can be developed, implememted evaluated as part of these
ongoing research, education and entrepreneurship efforts.
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WATER QUALITY IN TNEERMITTENT, PIPBIATER SUPPLY OF HUBL
DHARWAD, INDIA

K.L. Nelson*, E. Kumpel
Civil and Environmental Engineering Department, Betkeley, CA, USA
*(510) 6435023, nelson@ce.berkeley.edu

Most piped water supplies in the developing world provide water intermittently. In India alone, over
150 million people are served by intermittent water supplies. Intermittent supply leaves ifes p
vulnerable to contamination during periods of low or negative pressure; in addition, households must
invest in additional infrastructure, such as storage containers and pumps. Recently, upgrading municipal
systems to provide continuous (24x7) watepply has gained significant interest in India. However, the
costs and potential benefits of upgrading to 24x7 water supply have not been well characterized.
Although there is a rich literature characterizing the complications arising from intermittemcidN.
American and European piped water systems, it does not provide much insight for India because the
context is quite different.

The city of HublDharwad, Karnataka, India is one of the first cities in South Asia to upgrade to
continuous water suply. Currently, 10% of the city receives continuous water supply through a World
Bank funded pilot project, while the rest of the city receives water for a few hours once e\d€ryléys.

We are conducting an assessment of the intermittent versus contiausupplies in terms of water
quality and quantity, health impact, and economics. The focus of this presentation will be on water
quality, including data on the spatial and temporal variability in water quality parameters, mechanisms
of contamination, andecommendations for improving water quality in intermittent and 24x7 supplies.

To characterize water quality, grab samples are collected from locations throughout the distribution
system, including storage reservoirs, household taps, and household sta@gainers; analyses
includeE. coli(IDEXX Colilert Quantitray), chlorine residual, and turbidity. In addition, parameters that
may correlate with contamination are being monitored at household taps usiligansensors (YSI),
including conductivity, urbidity, and chlorine residual. Upstream of continuous measurements; high
frequency pressure sensors are installed.

The presentation will report the results from six months of data collection, which is currently underway
(approximately 2000 grab sangsl and 500 h of continuous water quality and pressure measurements).
Preliminary results indicate that the water quality that enters the piped distribution system in-Hubli
Dharwad is typically of good quality; the two supply reservoirs are fairly weleqed, and the two
treatment plants provide treatment via coagulation, sedimentation, rapid sand filtration, and chlorine
disinfection. There is evidence of water quality degradation in the intermittent supply network, but not
as much as might be expectgiven the poor condition of the infrastructure. Many potential sources of
contamination have been identified, including water pipes lying in or adjacent to open sewers, in
contaminated groundwater, submerged taps, and cross connections with contamistiestd water.
Analysis of the continuous sensor measurements and pressure data is ongoing. In the 24x7 zones, a
major impediment to realizing the benefits of improved water quality is that most-ifmeme
households continue to store water in containgrsften uncovered, leaving them vulnerable to
recontamination.
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SYNCHRONICITY ASER¥ECTIVE PEDAGOGWF { ¢ | 59b ¢ GQ [ 91! wtk
ABOUT THE MILLENIUMEVELOPMENT GOALS

Daniel B. Oerther™
Missouri University of Science and Technology, Rolla, MO, USA
* 1401 N. Pine St, Rolla, MO 6541880; (573) 346072; daniel.oerhter@mst.edu

In the transition to a knowledge economy, faculty are challenged with adapting away from a transmittal
Y2RSt 2F AYyailuNHzOGA2y O6APSds W3aaddts thraugh adtieSearaingl 3 S Q0
LISRF3I23ASa O0APSHS WI dzb&s&d learying (PBLS, whekeReafsicollabbratively t NP
solve challenges with expert guidance, has been shown to be an effective means of knowledge
generation within engineeringscience, and technology students. For faculty, two major challenges
include: (1) identifying authentic problems that suitably serve the needs of the students; and (2)
integrating diverse areas of academic scholarship (i.e., teaching, research, and)seriach a PBL
O2dzNBES STFSOGA@Steo CKA& LINBaSyidldazy | NBdzSa i
0SU6SSYy AYyYySN) adlidSa 2F YAYR FyR 2dziSN) S@gSyda G2
pedagogy that solves both of theseatlenges (b). In other words, a successful course is achieved when

the apparently random developments in the classroom and the guidance of the instructor converge to

grow knowledge in the consciousness of the students; whereas an unsuccessful coutseddiigve
convergence and appears to students as a collection of unrelated exercises (i.e., a disorganized
instructor or course).

In the case of this presentation, four seminal events over a period of six years were instrumental in the
development of ébody of scholarship that included a ddalel, termlength course (CE600/601 MDG?7:
Ensuring Environmental Sustainability); the formation of an awerthing, extracurricular student
organization (University of Cincinnati Chapter of Engineers Without Bs)rdie growth of four non
government organizations (Village Life Outreach Project, Shirati Health and Education Development
Foundation, Sadguru, and Hechos 2:8); and Federal funding opportunities (US Environmental Protection
Agency People, Planet, andoBperity Program; US Department of State Fulbright Program; and the
National Science Foundation). Through synchronicity, 80 baccalaureate and 40 graduate students have
gained classroom knowledge about the United Nations Millennium Development Goalsigéigpanyet

TOX AGNBRdzOS o6& KIFfF (GKS LINRPLERNIAZ2Y 2F LIS2LX S gAGK
sanitation); 50 students have travelled abroad to Guatemala, India, Kenya, or Tanzania; three students
have lived abroad for more than sixonths; and safe water and sanitation have been provided to more
than 15,000 villagers on three continents. Student knowledge was measured through recognition
assessments tests before learning and comprehension assessment tests after learning, adikeet! as

scale assessments of ABET outcomes (i.e., both engineering and professional skills), aggregated
responses to opeeended questions regarding preferences, and faculty evaluation of electronic
portfolios.

This work is original because it is neitheregort of a casestudy nor an example of watlescribed

pedagogical approaches (i.e., PBL). Rather this work introduces the construct of synchronicity as a
solution for faculty challenged with the unfamiliar needs of providing instruction without faligwlie

traditional transmittal model. The status is complete as this presentation reflects the successful work of

six years. Because rigorous assessment was employed as part of the project, the quality content has
benefit for the AEESP audience, and téag the Millennium Development Goals to students is
AAAYAFAOLYG F2NJ GKS FASER YR GKS OSyidNlf GKSYS 2°
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GLOBAL DESIGN PROJECT EXPERIENCES FOR ENVRIONMENTAL ENGINEERIM
STUDENTS

Jeanine D. Plummer*
WorcesterPolytechnic Institute, Worcester, USA
*Department of Civil and Environmental Engineering, 100 Institute Rd., Worcester, MA 01609,
508831-5142, jplummer@wpi.edu

Environmental engineers are increasing involved in projects that take place in the globaungyim

Educating students in the cultural and societal issues that affect engineering solutions in such settings is
paramount to preparing students to enter the global marketplace professionally. At Worcester
Polytechnic Institute (WPI), significant teamoject experiences are a requirement for graduation. The

project requirements total over a semester worth of credit in three distinct projedtise first in the

humanities and arts, the second an interdisciplinary project linking social sciences and
tech2f 238k SYIAYSSNAY3IAZ FyR GKS GKANR | OFLBAG2Y S LINJ
with global awareness, WPI launched the firstadfmpus project center over 35 years ago. Since then,

2t LQa 3ft2o0lt yShe2N] KI aodiRatghents2SonveZ N stidénksyiaver p 2
completed offcampus projects in that time. Unlike many U.S. students who study abroad, WPI students
become immersed in the local culture as they tackle important problems for sponsors, local
organizations andgencies that receive solutions to the important issues they face.

The WPI global program has traditionally focused on international opportunities for third year
undergraduate students completing their interdisciplinary projects. Through this program,h&#PI
developed extensive knowledge and practice informing international project centers, training faculty,
managing risks, and ensuring top quality projects and well prepared students. This wealth of experience
has now been used to develop high qualityeimational capstone projects for fourth year students. This
presentation will focus on environmental engineering capstone projects at global sites.

The author has been involved in development and advising of international capstone projects for
environmerial engineering students at four locatiorgsthe Turks and Caicos Islands, Panama, South

' TNAOF FYR DKIYyF® Ly GKNBS OF &dSaxiAiKS: LNBIISNILL dzy A5
students (though South Africa has involved students in meltygars). In one case (Panama), the

objective was to develop a sustainable global project center that offers project opportunities on a yearly

basis. Table 1 summarizes these recent project opportunities.

The impetus for projects in Turks and Caicos based on support from a successful alumni in Civil and
Environmental Engineering. While living and working on a tropical island during the wintertime provided
an incentive for students to participate, the educational goal was to demonstrate to studenispaet

that tourism development has on environmental quality, and the engineering controls thatamd are

not ¢ appropriate in an island environment. The project on restoration of salt ponds was both a
technical project on water quality and hydraulies well as an opportunity for students to understand
the balance between development (for tourism) and ecosysi@pacts.
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Table 1. Recent Global Project Opportunities in Environmental Engineering at WPI

Location Site description Year # of students Example project topics
Turks & Caicos Cgrlbbeqn islands 200506 5 Restoratlon of water quality
with tourism in salt ponds
. . Drinking water treatment for
Latin country with Smithsonian Research
Panama extensive 2009present | 9

development

Institute island, located in
Panama Canal

Less developed

Design of water and

South Africa country; public

health challenges

2008present | 4 sanitation facility for informal

settlement

Public health control of
schistosomiasis in rural
village

Less developed
country; public
health challenges

Ghana 2010 3

In Panama, the objective was to collaborate with consulting, industry and government organizations to
expose students to the challengasd opportunities of working in a Latin country undergoing extensive
construction and development. In particular, it was desired to expose students to the Panama Canal
Expansion project which was started in 2006 and is estimated to span eight years aralen$5
billion. This massive civil and environmental engineering project to widen and deepen the canal
channels is intended to increase the canal capacity and provide economic benefits to the country.
However, negative environmental impaaissuch as weer quality degradationg have resulted from
dredging activities in the canal. Through development of the project center, it was found tbatiintry
support is critical to ensuring good project pedagogy and arranging logistics for the students.

The projects in Africa represent opportunities for work in less developed countries facing serious public
health challenges. The Ghana project arose from a collaborative association between WPI and Tufts
University, and between faculty in environmental @mgering and biology. The students worked in a
rural village with high prevalence rates of urinary schistosomiasis and were involved in the design,
construction and implementation of an alternative water recreation facility to lessen disease
transmission ates. A challenge and opportunity for the students was to understand resource constraints
that engineers face in less developed countries when implementing technical solutions. The South Africa
project provided similar opportunities for students but is paf a multiyear initiative in Cape Town

that brings together interdisciplinary projects, capstone design projects and research. The
undergraduate projects formed the foundation for a Mondialogo Engineering Award from Daimler and
UNESCO.

While the county environments and scope of each project were substantially different, the overall
educational objectives were similay to provide students with the opportunity to understand the
practice and application of environmental engineering solutions in settimgisdiffer from their home
experience. Achieving these project goals in a relatively short period of time (students-aite @ the

project location for 2 months) requires a structured approach to project advising andrgwel
preparation. In addibn, it was important that project outcomes were carefully crafted to ensure useful
results for the sponsoring organizations as well as high standards and expectations for academic
performance. Lastly, careful selection of student participants is needethegsare representatives of

the university.
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A STUDY OF NOVEL FLUORIDE REMOVAL TECHNOLOGIES AND THE USE OF
SOCIAL ENTREPRENEURSHIP FOR SUSTAINABLE IMPLEMENTATION IN ETHIOF

L.R. Brunsor* D.A. Sabatihi
University of Oklahoma, Norman, United States
*CEES; 202 W. Boyd St.; Room 334; Norman, OK 730192580522,
Fax¢ 4053254217, Ibrunson@ou.edu

One of the key global issues faced at this time is a lack of safe drinking water. The health issues resulting

from inadequate safe drinking water contute to other social issues such as education, maternal health

and economic development. The United Nations University and UNESCO estimate that 900 million
people currently lack access to potable water and 1.4 billion people are living on less thans) 2&(

RI&o Ly Fy STFF2NI G2 YAGAIIGS GKS g2NIR g+ SN ON
Syadz2NAy3I adzaidlAyloftS RS@St2LSyidz ¢Fa asSd G2 alt
sustainable access to safe drinking water andAb@ al YA Gl GA 2y ®¢ ¢t2 | OKAS@S
solutions must be developed. Beyond the environmental engineering development of novel
technologies, implementation methods must be assessed and improved upon in order to work towards
technologies that arsustainably implemented and used on a regular basis.

Microbial pathogens are the most pressing issue contributing to a lack of global safe drinking water.
After pathogens, fluoride is the next water quality issue impacting human health. Fluoride dnas th
potential to cause detrimental health affects to over 200 million people in areas where it exists above
the World Health Organization (WHO) recommended limit of 1.5 mg/L. Fluoride is naturally occurring in
the drinking water sources of many areas of therld, including the Rift Valley of Africa, areas of China
and India and parts of the southwestern United States. The health effects of fluoride include dental and
skeletal fluorosis. Skeletal fluorosis can cause bones to become deformed or stiff poithevhere
mobility is limited and/or painful. This is particularly troubling in rural areas where people depend on
their physical labor in order to farm or earn a living.

This presentation will discuss laboratory research on aluminum coated baheaod chars for fluoride
removal from drinking water. Bone char has previously been shown to be effective at removing fluoride
from drinking water in both household and community scale treatment systems. Additionally, activated
alumina is one of the mosuccessful technologies for filtering fluoride from water. However, activated
alumina is expensive and not always readily available in developing areas. Therefore, it is helpful to
study the fluoride removal potential when bone char, with its high acefarea, and aluminum based
materials, with their positive surface charge, are combined. It is also helpful to investigate aluminum
coated wood char for use in areas where waste wood products are more prevalent and/or communities
are not amenable to usmbone char as a water treatment technology.

These aluminum coated technologies have the potential to remove fluoride to meet the WHO standard,
be inexpensive, and be locally available and easy to use. This presentation will discuss the isotherms
resulting from removal of fluoride from water at various pH values and with competing ions such as
phosphorous and sulfate. Specific surface area, point of zero charge, chemical composition, surface
morphology and results from column studies will also be dismliss

Selecting an effective fluoride removal technology is important to the success of an implementation
project. However, in addition to the technology, the implementation must be done in such a way that
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families and/or communities maintain ownership the treatment technologies and are motivated to
maintain and use it in the long term. One potentially effective way to accomplish this is through the use
of social entrepreneurship. Social entrepreneurship organizations have two simultaneous goals: to
obtain a profit in order to be economically sustainable and to help solve a social problem. For example,
an entrepreneur could develop a business in which they would produce and sell the appropriate fluoride
filtration media. Utilizing social entrepreneship for fluoride removal will be discussed and a student
created business model of implementation for bone char as a fluoride removal mechanism in Ethiopia
will be shared.
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TRANSFORMING ARSENIC CRISIS INTO AN ENGINE FOR ECONOMIC GROWTH
EVIDENCE FROME DEVELOPING WORLD

A.K.SenGupta* S. Sarkar A.Guptg, D. Uy, L.Blaney
YL ehigh University, Bethlehem, PA, USA
?Bengal Engineering and Science University, Howrah, India
%Institute of Technology in Cambodia, PhnomPenh, Cambodia
“University of Texagjustin, USA

Although unknown nearly twenty five years ago, natural arsenic contamination of groundwater has
emerged as a major global crisis affecting over fifty countries. In the United States, nearly seven
thousand communities are now required to intrack additional treatment to reduce the arsenic level in
groundwater in order to be in compliance with the current Safe Drinking Water Act (SDWA)
promulgated by the USEPA in 2006. However, the adverse health effects resulting from drinking of
arsenic contarmated groundwater are most apparent in south and southeast Asia, namely, Cambodia,
Bangladesh, Laos, Nepal, Vietham and the eastern region of India. Rainfall in this region is quite
significant and often exceeds 2000 mm/year. lronically, however, arfex@csurface water is
practically unusable due to poor sanitation practices in the region and consequent potential for an
outbreak of water borne diseases. According to World Health Organization (WHO), over 200 million
people are threatened with arsenioflicted health impairment (i.e., arsenicosis) including cancer of the
skin, lungs, kidney and urinary bladder. The use of groundwater in these regions is favored because of its
easy availability, microbial safety and the absence of proper infrastructurghi® treatment and
distribution of surface water. Arsenic is by far the most toxic contaminant present in groundwater and it
enters into the agueous phase through biogeochemical leaching of soil. Recently, widespread arsenic
poisoning of large populatioim rural areas of Argentina and Chile have also been reported.

The United Nations Millennium Development Goal (UNMDG) to provide safe drinking water to the
people in the developing world is receiving a major jolt due to natural geochemical arsenic
contamiration of groundwater. The crisis is further aggravated by the fact that most of the arsenic
affected population lives primarily in the rural areas and contaminated groundwater is often the only
viable source of potable water. To this end, during the fdisten years, we have installed nearly 250
Sustainable Arsenic Removal System in Affected Communities (SARSACS) in the bordering region of India
and Bangladesh, and Cambodia where over 250,000 villagers and school children currently drink arsenic
safe waer. The key pertinent attributes of SARSAC that have evolved during the last decade are as
follows:

1 The community based arsenic treatment employs regenerable and reusable asségttve
adsorbent which helps reduce the volume of disposable arsenic slbgqearly two orders of
magnitude;

Arsenic sludge is stored in an oxidative environment, thus minimizing arsenic leaching;

Once installed, SARSACs are run, operated, financed and maintained by villagers in every
location.

Socieeconomic management of eAcSARSAC unit at the community level has contributed to the
continued success of the systems for many yekigure ldepicts the relationship among the input
conditions of an arseniaffected community, development of technology and the benefits accrued
through the community. The entire system has evolved as a viable business model where-arsenic
affected villagers arelso stakeholders of each unit installed and required to pay a small monthly tariff.
Figure 2shows an easjo-operate SARSAC unit in a remote village in Kandal province, Cambodia where
arsenic level in contaminated groundwater is consistently brought divsam over 600 pg/L to less than

10 pgl/L.

il
il
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Figure 3provides continued increase in revenues generated by a specific unit in India for a period of five

years. This economic growth has consequently motivated many other affected villages to pursue the
arsenicremoval technology and the management practice.

Figure 1Schematic illustration of relationship among arseafifected community, development of
technology and benefits accrued through the community

Figure 2An easyto-operate SARSAC unit in Kan Figure 3Example of continuethcrease in revenue
province, Cambodia (Input arsenic >600 pg/L generation from a specific community based arsen
arsenic at the exit of removal uritl0 pg/L) removal unit installed in Nabarun Sngha village.

The observed approach is not necessarily limited to arsenic contamination alone. Currently we are
planning to apply similar community based technology and business model to abate fluoride
contamination in groundwater in Africa. Accordingdor findings, the appropriate choice of technology

is the single most important factor for attaining lotgym economic sustainability.
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GROWING STUDENT IREST IN RENEWABLERGY

AR. Bielefeldt*
YUniversity of Colorado at Boulder, QSA
*428 UCB, Dept. CEAE, Boulder, CO 803094398433, fax 3031927317, emaill
Angela.Bielefeldt@colorado.edu

Over the past five years an increasing number of incoming undergraduate environmental engineering
(EVEN) students at the University of Cottiraat Boulder (CU) have been interested in renewable
energy. However, many are unsure if their interest in enegdgted issues is best served by majoring in
environmental engineering or another discipline. This paper presents the trends in studeestraed
changes that have been made within courses and the curriculum to enable students to explore energy
interests.

At CU all incoming firgtear engineering students are required to take-arédit introductory course to
their major. The first assignment of the semester in the EVEN course requires the students to define
environmental engineering, list four major sdiscipline areas, select one sdiscipline of most
interest, and find an example of this type of project in the news. Figure 1 shows thdisipline areas
of primary interest to the students over the past five years. The total enrollment in the cbase
increased substantially, and interest in energy increased from 0 in 2006 (three students interested in
energy dropped the course

prior to the first aSS|g_nment %0 First Year Course
due date; 9%) to 35% in 200¢

Sub-disciplines of most interest
70
and 2009. per First homework other
60 M energy
50 - M air
W chem proc
40 l

# students

Figure 1. Primary sub 30 | ecology

discipline interests of fits

H remediation
20 W water
year EVEN students on the .
first homework assignment 10 J
O - T T T
2006 2007 2008 2009 2010

YEAR
The course content has been modified over time to emphasize energy related issues (Table 1).

Table 1. Homework (HW) Assignments in the First Year EVEN Course in Different Years

20002003 20042005 2006 | 2007 | 2008 | 2009 | 2010
Skill evaluationl Why EVEN papel Define EVEN and Overview
; : Waste S
Study Silent Spring book Drinking Water T
strategies review Waé?[ldcyase (DW) Evaluation Sustainability
Time Our Stolen _Future Team DW Biofuel LCA
management book review Evaluation
Ethics Ethics Case Stud: Ethics: NSPE code, case studies, moral exemplar, student honor
Course Plan to Graduation with ABET/BOK mapping
DW treatment Team Project: Solid Waste Generation and Recyglii Team Fuel
plant tour Landfillsg LandGEM, Wasteto-Energy LCA project
Gu\f/fitt:ﬁgake' HW?7: Guest Speaker Discussion and Final Reflective Essay
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At the end of the semester on HW?7, the students discuss environmental engineering and if they plan to
major in EVEN. Many students in the course were not declared EVEN majors (Table 2); some were
engineers who had not yet selected a major and others were from the College of Arts & Sciences and
potentially interested in switching into EVEN. In 2007 when very littherse content focused on
energy, a much smaller percentage of the students interested in energy intended to remain EVEN
majors compared to all EVEN students; in later years the intended persistence of energy students was
more similar to all students (Thb?2). The most popular majors for enefigyerested students not
planning to stay in EVEN were environmental studies and electrical, mechanical, and chemical
engineering. The actual retention of EVEN majors interested in energy was similar to all El4aks st

Table 2. Retention of students in the first year course with an interest in energy

YEAR 2007 2008 2009 2010
EVEN| Non | EVEN| Non | EVEN| Nor+ | EVEN| Non
majors EVEN majors EVEN majors EVEN majors EVEN
majors majors majors majors
Number of students igourse* 25/24 | 23/20 37 22 48/47 | 30/25 | 52/48 | 31/30
% with>50% intent to major in
Z 7 1 1 4 7
EVEN on HW7 9 60 9 59 8 8 3 50
% majoring in EVEN 1/ 2 yrs late| 52/48 | 13/13 | 70/62 | 14/18 | 79/NA | 23/NA | NA NA
% energyinterested students with
>50% intent to major in EVEN 63 50 93 30 69 50 69 50
% energyinterested students
> energy 50/33 | 0/0 | 83/67 | 13/38 | 82/INA| 8INA | NA | NA
majoring in EVEN 1/ 2 years late

* initially enrolled and completed homework 1 / completed homework 7; NA = not available
Studentsmajoring in EVEN at CU select a specialization option for 9 credits of technical courses in their
junior or senior year. A specialty track for energy was officially added in fall 2008; previously students
could create an energy focus via petition. The bemof graduates from various sttiscipline areas is
shown in Figure 2; the year 2011 data are projected.

30

w mother

'ﬁ 25 . MEenergy

3 mair

5 20 # chem proc

0 m ecology
Figure 2. Specialization options & 15 | Wremediaton . . gm
of EVEN students graduating 2 m water I
from CU. s 10

)

=]

€ 5

=

=

0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Calendar Year

The courses in the energy option are drawn from electragajineering (Circuits, Energy Conversion),
mechanical engineering (sustainable energy, thermodynamics 2, wind energy), civil engineering
(Building Energy Lab, Building Energy Audits, Solar Design), physics (Energy and the Environment), and
environmental stidies (Energy Policy) (http://www.colorado.edu/engineering/even/energy.htm).
Recent senior design projects have also focused on energy (LEED certified CU dormitorp-waste
energy options for CU; Halliburton Environmental Footprint Challenge; biodiestt Wweocessing and

use; http://www.colorado.edu/engineering/civil/CVEN4434/projects.html).
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THE TOP FIVE THINGS THAT ENVIRONMENTAL ENGINEERS CAN TEACH US
ABOUT ALGAEOENERGY TECHNOLOGY

Andres F. Clarepkisa M. Colosi*
Civil and Environmental Engineeritgniverity of Virginia, Charlottesville, VA, USA
*351 McCormick Road, Thornton Hall, Charlottesville, VA
4349247961, Imcolosi@virginia.edu.

Music lovers are fond of assembling t8pA S f A a4 Ga& o0S®IAPE al f 6dzya F2NJ I F
libraries and, frequently, to make a statement about what they think have been the most important
contributions in a particular genre. During this talk, we will sort through recently published work on the
topic of algaeto-energy systems, including our ownim order to compile a tofive list of ways in which
environmental engineers could contribute to the advancement of this rapidly emerging alternative
energy sector. Algae are considered by many to be a promising source efaredation bioenergy.
Theyare not a traditional food crop and can be cultivated on marginal land; thereby minimizing both
direct and indirect competition with food supply. Their growth yields are higher than most terrestrial
crops, and they can be converted into various usable gnearriers. Despite these advantages, algae
bioenergy is a nascent industry with-gst unclear economic and environmental benefits. Our work
suggests that five areas of traditional environmental engineering expertise could be brought to bear in
deploying sustainable alga#o-energy systems. These areas, summarized in Figure 1, include: 1)
environmental life cycle assessment (LCA); 2) nutrient management in wastewater streams; 3) emerging
contaminants management in wastewater streams; 4) anaerobic digestiod 5) biomass dewatering.

This talk will touch on each of these five areas, usingougiate information from ongoing work by the
authors and others.

Area 1¢ Environmental LCAThe environmental impacts of largeale algae cultivation have been the
subject of extensive research and debate over the past several years. This interest is accelerating, as
made evident by at least eight different algae LCA papers to appear in the last twelve months alone.
These papers have had largely divergent resultslirig the debate about whether algde-energy
systems offer an improvement over transportation fuels derived from fossil sources or terrestrial plants.
At issue are a number of assumptions about how algae cultivation would look since no commercially
viable facilities exist today. Our own work has highlighted the importance of functional unit and system
boundaries selection on overall LCA results. This had led to significant discourse on the role of
procurement, residual biomass handling, and opportunitgts@ssociated with selection of a particular
energy carrier. This portion of the talk will present recent results from an algae LCAanadyais, in

which selected assumptions have been standardized across previmudighed algae LCAs, as means

to address larger policy questions such as: Are aldgmved transportation fuels more or less
environmentally preferable than selected benchmarks?

Area 2¢ Wastewater Nutrient Management Having demonstrated the significant extent to which N
and P procuremenimpacts the burdensomeness of algae cultivation, we and others have suggested
that treated effluents could be used to offset upstream fertilizer impacts. Still, our calculations suggest
that the fraction of algae nutrient demand that could be offset gsinunicipal effluent is quite small.
This portion of the talk will recap these calculations and highlight recent research into wastewater
treatment at commercial animal farms, as a means to evaluate algggiated nutrient management
schemes within the cdext of centralized and decentralized wastewater treatment systems.
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of overlap with environmental engineeringhighlighted) 1) environmentallife cycle assessment; .

Area 3 ¢ Emerging ContaminantdManagement A second attractive function of combined algae
farming/wastewater treatment operations could be improved management ofOdof ft SR & SY S NH A
O2y Gl YAYIY(G&a¢éT AdSods gL aidiSel SN O2yaiAaiddsSyida GKI
concentratons (ng/L). It seems reasonable to expect that algegliated degradation and/or sorption

reactions in effluendrrigated ponds may engender significant removal of these compounds and thus
mitigate contamination of downstream receiving waters. For the Ela@ase of systems in which algae

biomass is combusted to produce bioelectricity, aya8 RA F §S SF¥Ft dzSy i LR {-AAKAyYy 3
SYR¢ NBY2@Ft 2F OSNIIFAY SYSNHAy3 O2y il YAYlylaod ¢K
results from alga growth experiments with selected estrogens, as means to highlight previously
unidentified environmental services of algaeenergy systems.

Area 4 ¢ Dewatering. LCA results point to a clear need for more enegfficient dewatering
technologies to cocentrate algae suspensions from ~ 0.1% to 20% dry solids (m/m). Since many of the
technologies that have been proposed for algae systems have been used for decades in municipal
wastewater solids management (e.g., belt filter pressing, conveyor drying) gtcseems that
environmental engineers are uniquely poised to make an important contribution in this field. This
portion of the talk will focus on what marginal improvements in the overall algae fuel cycle energy use
could be achieved per unit increase dewatering efficiency, to emphasize the importance of
dewatering/drying on overall favorability.

Area 5¢ Anaerobic Digestion of AlgaeDigestion has been widely touted as means to facilitate nutrient
recycling and energy production from the nbpid fraction of algae biomass. Still, there has been direct
comparison of anaerobic digestion to other algae conversion processes. Thus it remains unclear whether
digestion is really a viable option. This portion of the work will present a detailed energy édtanc
anaerobic digestion (within the context of an algaeenergy system) and also highlight the dramatic
differences in overall favorability resulting from use of theoretical vs. empirical algae digestability and
methane yield parameters, as means taispargeted research in this area.
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A NEW BRIDGE BETWEEASTE MANAGEMENT ABNERGY: SOLID FUEL
PRODUCTION BY MEADISTORREFACTION @GRACULTURAL RESIDUES

H. R. Diz*, B. Amsler
Gannon University, Erie, PA
*corresponding author: H. R. Diz, Gannnon rsity, 109 University Square, Erie, PA 16541,
814-871-7633 (0); 81471-7701(fax); diz@gannon.edu

This presentation will cover a novel method of converting waste biomass such as agricultural residues
into a convenient solid renewable fuel that is a direeplacement for coal. The presentation will
include an overview of the process known as torrefaction, and will provide results of laboratory studies

A ¥ 4 A 9~
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The use of biomass as an energy source @das the discovery of fire. The industrial revolution led to

the extensive use of fossil fuels in the form of coal and later petroleum. Now we search for alternative
fuels which not only are more carbon neutral, but which are also available dombstical can be
produced with energy and economic efficiencies. In all of those aspects, biomass is an attractive
possibility to compliment other renewable energy sources. However, the utilization of biomass as a fuel
presents several technical and econentghallenges. Some of the disadvantages of using fibrous
biomass such as wood and timbering residues as a fuel are that it is fibrous, therefore requiring
considerable energy to pulverize, it is bulky, and it contains considerable moisture. The mdgture
only increases shipping costs, but also robs energy from the combustion chamber, resulting in a lower
boiler temperature. Each of the other forms of biomass, such as biosolids, manures, food wastes, and
the vast variety of other organic wastes geneh by our society has its own unique challenges when
considered as a solid fuel.

One relatively new approach that addresses many of these issues is torrefaction, i.e., the controlled
thermal conversion of organic matter into a more convenient and cleéoening fuel (Bergman and

Kiel 2005). When organic matter is heated in the absence of oxygen, a series of changes occur as the
treatment temperature increases (Lange 2007). Residence time at a given temperature is also a factor
in these changes. At l@wv temperatures (200° C to 400° C) mild decomposition occurs with the
evolution of some volatile hydrocarbons while most of the material remains in solid form. At higher
temperatures (400° C to about 1,000° C), liquid pyrolysis oils are generated atbngasés and solid
residues. At higher temperatures, gasification largely predominates while some material remains as
ash.

A number of studies have recently been reported in the engineering literature (Bergman and Kiel 2005,
Bridgeman, et al 2008, Chen and Kuo 2010, Deng et al 2009, Gassner and Marechal 2009, Uslu et al
2008,), describing this process and methods of accomplsthese conversions, mostly with fibrous

plant materials. Depending on the method followed and the nature of the feedstock, the energy yield
and materials composition changes. Volatile gases are always released once the temperature is
sufficient to begn the breakdown of hemicellulose and then later cellulose; only at higher temperatures
does lignin begin to decompose (Chen, 2010). These are flammable gases, and can be captured and used
to provide the heat for the process. Thus the process of therreabohposition is essentially energy
selfsufficient other than the minor energy requirements for pumps, blowers, control systems, etc.
Bergman and Kiel (2005) report that up to about 87% of the dry weight of the material can be retained
containing up to 9% of the original energy content when using willow as a feedstock.
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The laboratory study to be presented is still underway. The materials being studied include animal
manure (equine), switch grass, glycerin, and fruit pomace. Pomace is the solid tefiidfter pressing

certain fruits for their juice, such as apples and grapes. In this case, grape pomace obtained from a
2S5t OKQa C22Ra 2dzA 0S LINROSaaAy3d LXIFyd Aa o0SAy3
reaction chamber under an inerttraosphere (to prevent combustion) to various temperatures for
varying lengths of time. The objective of the experimental plan is to determine the time and
temperature profile that yields sufficient flammable hydrocarbons to power the process without
deplding the product of any more energy content than is necessary. The physical characteristics of the
feedstock change during this heating process. Depending on the final upper temperature reached, the
material changes in color from a dark brown to blaé#tso, the tough fibrous nature of the plabtsed
material is lost and the material becomes friable and is no longer hygroscopic (Bergman, 2005). The
final physical characteristics are important because they relate to the ease of pelletization of the
transformed feedstock. Pelletization success may be a function of the temperature of the product
material as it is fed to the pelletization process and thus must be evaluated.

Another feature of this study is to evaluate product characteristics after limgnthe test materials in
combination with glycerin. Glycerin is a-pyoduct of biodiesel manufacture. Now that biodiesel
production has increased, unpurified glycerin resulting from that production has become plentiful and
almost worthless. We hypotlsize that the addition of an appropriate dosage of glycerin during the
thermal conversion process will result in an improved product with high heat content.

By midsummer 2011, we will have results worthy of presentation to the AEESP conference attendees,
and we request the honor of doing so.
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A LOWENERGY TREATMENTEMEHFOR AUTONOMOUSIERO WATER
BUILDINGS

James D. Englehardt*Aarthi Narayanan
YUniversity of Miami, Coral Gables, FL, USA
“Gainesville, FL,USA
*PO Box 248294, Coral Gables, FL, 33630, 305284-5557, 305284-3492 (fax),
jenglehardt@miami.edu

Current estimates suggest tha6% of total power is consumed solely for conveyance of water and
wastewater in California (California Energy Commission 2005). In contrhsini@ direct potable water
reuse offers the prospect of energfficient use of a stable freshwater source, gealbr free of
pesticides and industrial chemicals.

The purpose of this work is to describe a new Hemergy treatment system under development and
construction at the University of Miami, to be installed at an autonomouszeed water residence hall

with support from the National Science Foundation (NSF), Emerging Frontiers in Research and
Innovation (EFRI) program. All wastewater from theb2d dorm will be treated to drinking water
standards beginning Fall 2011, for return to the dorm beginning Jar@d#r®. To circumvent the need

for highenergy membrane treatment, all drinking and cooking water will be supplied by a rainwater
cistern. Wastewater treatment will comprise  aerobic  biological treatment  with
nitrification/denitrification, followed by irormediated aeration (IMA) (Englehardt et al. 2007; to be
described in detail in a parallel talk at this conference), parallel cloth andsfireen filters, bD>-
mediated electrocatalysis, and activated carbon filtration (Figure 1). Moving parts beyond @untps
blowers will be eliminated, to support a goal of one scheduled maintenance call per year. Additional
carbon and alkalinity will be dosed to the aerobic plant, if necessary for denitrification. However,
alkalinity addition in particular is not expectéalbe necessary, because IMA experimental and modeling
data indicate that alkalinity will stabilize via aeration softening (Peng and Westerhoff 2006)18050
mg/L as CaGOGoals for IMA treatment are-lbg removal of COD and phosphorus, add@removéa of
metals. Fine screen and cloth filtration technologies, now replacing granular media filtration in
centralized wastewater treatment plants, are being adapted for low flows to complement IMA
treatment. Remaining organics will then be mineralized in farantimonydoped tin oxide and boron
doped diamond electrocatalyzers with hydrogen peroxide addition. Activated carbon treatment will
provide redundancy and remove excess hydrogen peroxide and any remaining contaminants.

Electrocatalysis has recentlyeén shown coseffective for the oxidation of organic pollutants in
conductive industrial wastewaters. Preliminary data developed at the University of Miami suggests that
the process can be extended profitably to the treatment of dJoenductivity organic astewater. In
particular, these data suggest that the addition of hydrogen peroxide, as both supporting electrolyte and
reactant, and air to the electrocatalytic oxidation of ksivength organic wastewater on Sloped Sn®@
electrodes results in effectivia mineralization of organics. Initial tests showed8@%6 mineralization of
phenol after 8 hours of treatment [conditions: 1 mM initial phenol, 5 V square wave AC potential, 1 Hz
and 1MHz, 4 mM §D,, pH 7.38.3]. Further, COD in aerobicathgated municpal wastewater was
oxidized below detection limits (Figure 1). Further tests showed >72% removal of COD in 8 hours from
such secondary effluent after ~1000 hours of electrode use [conditions: 8 hour treatment, 7.@M H
addition, 5 V, 1 Hz AC current, Irlih aeration]. Efficiencies are expected to increase and requis&d H
concentration decrease substantially, with reduced electrode spacing and increased electrode surface
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area, at negligible electrical energy requirement. Mechanistic experiments inditaj& contributions

to oxidative degradation by both singlet oxygen and hydroxyl radical, with a lesser but significant
contribution by HO, (Figure 2). The new process will be evaluated for safety andeffisency versus
ozone, as one component of trement for autonomous nekzero water buildings of the future.

Figure 1. Left panel: Schematic of dorm treatment system. Right panel: Oxidation of aerdtzieady
municipal wastewater COD by®-SbSnQ electrocatalytic process [Conditions: pH 7°Q2[HO;], =
14.2 mM, 10 Hz AC, 5V, 1.5 mA, 5.9 L -anif]

Figure 20Oxidation of RNO in the reactor, with and without ethanol and/or histidine, with (from top left
to bottom right): (a) applied voltage ,8,, and aeration (b) applied voltagaly (c) applied voltage and
aeration, and (d) applied voltage and@®[Conditions: 7 mM peroxide, 5V and 1 Hz AC current, 5.9 L
air/L-min].
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Aeration is an essential and energy intensive process for most wastewater treatment plants, accounting
for 45 to 75% of plant energy costs (Reardo®93). Higher oxygen transfer efficiency can be achieved
by increasing liquid velocity in oxidation ditches using mixers for liquid displacement (DB&itvezier

et al., 1994; Déronzier et al., 1998). Based on mass transfer theory, turbulencelmjughinterfaces

can promote oxygen transfer and affect aeration efficiency. In this research, the effects ofslideid
turbulence on oxygen transfer were studied in a controlled environment within the range of gas and
liquid velocities correspondent to thigeld. This presentation will include the methodology and results

of our experiments as well as a visual investigation of the buliipled interactions.

To quantify turbulence effects on gas transfer, 5 fpuwre mini panel diffusers were sep in a
transparent lakscale flume equipped with a-R Acoustic Doppler Velocimeter (ADV) (Fig. 1). A flow
conditioner was placed at the beginning of the flume to stabilize flow. Macro photography was
employed as an educational tool to engage junior students in pghecess of learning advanced
interfacial gagransfer phenomena. Photography, as a research tool, was also used quantitatively to
demonstrate the existence of a secondary bubble plume transported horizontally off the primary bubble
plume, potentially comnibuting to part of the oxygen transfer.

Triplicate clean water oxygen transfer tests (ASCE, 2007) were performed at 3 liquid velocities (0.12,
0.16, 0.23 m/s) and 4 air flow rates (0, 0.6, 1.2, 1.8 SCFM/diff) for a total of 36 tests, and results were
reported as standard oxygen transfer efficiency (SOTE, %) and standard oxygen transfer rate (SOTR,
masgJtime). Effective gas velocity (Ui.e. air flow rate / diffuser area) was measured. The liquid
velocities were recorded by the ADV at 5 locations fani8 each and averaged to determine the mean

liquid velocity (). TheADVlocations were roughly 2 in (5.08 cm) upstream of each mini panel at the
approximate channel midepth. At these locations, the ADV reliably predicted average and turbulent
velocity without the interference of the bubble plume. The RMS of the liquid velocity component
perpendicular to the channel length (RIMSvas used as a predictor of turbulence, as it excludes the
longitudinal velocity component.

The results confirm that oxygenatnsfer is enhanced by increasing either or both liquid and gas
velocities (Fig. 2). SOTR increaseslsgarly with increasing Jand increases at a greater rate wit U
Typically, increasinggli.e. increasing blower AFR) is an easier task to accsimiplan increasing th
activated sludge processes. Also, with the exception of oxidation ditches, increasmglt reduce the
hydraulic retention time and substrate removal effectiveness of an aeration basin. Figure 3 shows that
RMS increases with ¢her increasing represented by changing colors) or increasigdrepresented

by bubble size). Higher SOTR was observed under conditions with highgrTREl&esults suggest that

the degree of turbulence in the system, whether induced by gas or ligeiiocity, promotes oxygen
transfer. Interestingly, the SOTR obtained at highndl medium Jcan also be obtained at medium U
and high . To determine the more suitable option for aeration system design or expansion, the costs
and benefits must be cordered between increasing blower power in the case of higlerincreasing
mechanical mixing or pump power in the case of high U
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“Department of Chemical Engineering, Columbia University, Woeky USA
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Introduction ¢ Biofuel production via nofiermentative pathways has been recently documenigfl In

this approach, reduced organic matter (e.g. glucose) is converted to high chain alcoha)sbfr C
bacterial strains propagating heterologous enzymes required for biofuel production. Since reduced
organic feeeastocks are expensive and noenewable, biofuel production efficiency using this model is
not effective as a long term solution.

A more attactive option is to use phototrophic or chemolithoautotrophic organisms, in which
renewable resources (e.g. carbon dioxide and inorganic substrates (e.g. ammonia)) become the primary
carbon source and electron donor for biofuel production. Along thessJiwe propose that it may be
possible to genetically engineer autotrophs like ammonia oxidizing bacteria (AOB) to propagate enzymes
required for nonfermentative production of biofuel or biofuel precursors. In this work, we report
progress on the constrtion and maintenance of a genetically modified strain Mitrosomonas
europaeaATCC 19718 for producing isobutyraldehyde and isobutanol through modification of the L
valine biosynthesis pathwa¥igure J.

Methods ¢ Hydroxylamine oxidoreductase (HA@jomoter-green fluorescent reporter gfp) gene
fusions are being constructed and propagatedstherichia coi | p.The purified plasmids have been
electroporated into stationary phadgitrosomonas europaeATCC 19718 and kanamycin resistance has
been sed to select for cell lines retaining the promoter/reporter construct. The mutant strain was then
cultured under batch conditions (data not showhort term experiments were also performed with
wild-type N. europaeato determine isobutyraldehyde/isobutel toxicity and whether native alcohol
dehydrogenase activity is sufficient to reduce isobutyraldehyde to isobutanol.

Results and DiscussianBoth isobutyraldehyde and isobutanol exhibited high toxicity that was manifest
through reduced cellular respitian rates (oxygen uptakeJ{gure 3. Fifty percent inhibition (Kg) was
achieved at 110 mg isobutyraldehyde and 60 mg isobutanol/L, suggesting that isobutanol is more
acutely toxic than isobutyraldehyde. Future efforts will focus on minimizing proloegedsure to both
compounds.

Isobutanol production (0.72 to 1.1 mg isobutanelt) due to oxidoreductase activity by endogenous
alcohol dehydrogenase was also observed in itk N. europaea(Figure 3 fed exogenous
isobutyraldehyde. This low productiaate is not unexpected since reductase activity by this enzyme is
associated with anaerobic metabolism. These findings suggest that high isobutanol production rates in
this system will be dependent on inducing plasmid borne alcohol dehydrogenase.

Projed Status¢ Ongoing work is focused on creating a HAO prom@eketoacid decarboxylase (Kivd)
from Lactococcus lactisision product. Upon confirmation that the insert is intact, we will transform the
wild-type with the new plasmid. The mutant strain will then be cultured under batch and chemostat
conditions(solids retention time (SRT = 2.2 day); V = 1 L) using elesmatatbnia concentrations (1 M)
and elevated COconcentration (1% v/v) teharacterizeisobutyraldehyde and isobutanol production
rates.
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1. Atsumi, S., Hanai, T., Liao, J.C., -Momentative Pathways for Synthesis of Branciobain
HigherAlcohols as Biofueldlature2008,451, 86-90.
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Figure 1 Overview of proposed isobutanol production pathway Nitrosomonas europaeaAMO - Ammonia
monooxygenase; HAO hydroxylamine oxidoreductase; UQubiquinone; Cah carbonic anhydrase; Rubisco
ribulose 1,5bhisphosphate carboxylase/oxygenase; Kiv@ ketodecarboxylase; ADId alcohol dehydrogenase.
Adapted from Yu et al., 2010.
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DETERMINING THE BEEFOF LAND USE CHENGN THE ENVIRONMBEANT
IMPACTS OF BIOENERGY

S.A. Miller*, J.F. ChamberldinS. Sarkar
School of Natural Resources and Environment, University of Michigan, Ann Arbor MI, USA
’Environmental Engineering and Earth Sciences, Clemson University, Clemson SC, USA
*TetraTech, Durham NC, USA
*440 ChurchStreet, Ann Arbor MI, 48169041, Phone: 73263-8645, Fax: 73463-8965.
Email: sheliem@umich.edu

Bioenergy has the potential to reduce carbon emissions relative to fossil fuels; however potential
negative tradeoffs exist with respect to nitrogen andopphorus cycles, water use, and changes in land
use patterns. Life cycle assessment (LCA) is a tool that helps quantify the environmental impacts of
products. Historically, LCA has been used to analyze industrial processes, where systems- are well
developed, inventory flows can be reasonably measured and are generally constant over time, and the
majority of emissions can be translated into established impact metrics, such as Global Warming
Potential (GWP). Conversely, agricultural systems for bioenegugtion are highly variable, pose
measurement difficulties due to the ngpoint nature of emissions, and have impacts that are not easily
integrated into traditional LCA impact metrics. In addition, some systems such as perennial grasses for
cellulosic ¢hanol are only in the development stage, and inventory data must be estimated rather than
measured.

This research seeks to quantify some of the tradeoffs associated with bioenergy production.
Switchgrass is a native perennial expected to be a signifa@mtributor to future bioenergy markets.

Even though it is highly abundant in natural systems and used in some conservation practices,
switchgrass has never been cultivated at a large scale. Earlier data, as shown in Figure 1, suggests that
switchgrassderived bioenergy is often preferable to bioenergy derived from other sources, when land
use change is not taken into account.

100.00%

Corn EtOH

Switchgrass
EtOH

35.00%

Soybean
Biodiesel

0.5 1 1.5 2 25 3

% GWP of Fossil Fuel Counterpart

-30.00% -
Eutrophication Potential (g NO,/MJ)

Figure 1. Carbon and nitrogen tradeoffs for a variety of biofuels. Adapted from Miller, S.A.; Landis, A.E.; Theis,
T.L.; Emironmental Tradeoffs of Bibased Productiofenvironmental Science and Techno|d§07,41(15), 5176
5182
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Our research indicates that the environmental impacts of switchgrass are highly dependent on prior
land use patterns.  Although the general tremu$-igure 1 are expected to remain, the relative change

in carbon sequestration and nepoint source runoff from one land use to another is significant. In
general, it is expected that carbon sequestration and water quality with respect to nitrogen,
phogphorus, and erosion will improve from a baseline land use, providing that switchgrass is grown on
lands that previously supported intensive agricultural activities, such as corn or cotton. Alternatively,
these metrics will be negatively impacted if Consgion Reserve Program or forested lands are
converted to bioenergy production. Our work quantifies the differences in these metrics using the
DAYCENT and SWAT agricultural models to estimate changes in land use in the Southeastern region.
The research isonducted at multiple scales. The results of fietdle modeling are extrapolated to
understand watershedevel impacts. The expectations of how bioenergy will expand within a region
allows determination of whether overall water quality will improve decline relative to current land

use patterns.
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THE OPTIMAL DESIGNWATER SUPPLY S¥&STEOR ENERGY EHNCIY
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23Civil and Environmental Engineerittniversity of South Florida, Tampa, USA
*4204 E. Flower Avenue, Tampa, FL 33620, Phone: (81&49B4 Fax: (813)972957, Email:

giongzhang@usf.edu

INTRODUCTION

With the growing population and demand, water supply is becoming a more and more importglyen
consumer in the United States. Water systems need not only a lot of energy onsite for pumping and
aeration, but also indirect energy for producing chemicals and providing administrative services. This
total amount of energy involved with the constrimh and the operation phases of water supply
systems was recognized as the embodied energy of water supply systems. In order to reduce the
resource consumption and to improve sustainability, studies have been carried out on estimating the
embodied energy bindividual water supply systems (Stokes et al., 2006&2009; Mo et al., 2010). Indirect
energy associated with material and service supplies has been considered a significant part of the total
embodied energy in those studies. Additionally, studies hase bken carried out on optimizing water
supply infrastructures based on a variety of objectives, such as relieving water scarcity, improving
quality allocation, minimizing cost, etc. (Lim et al., 2009; Mugisha, 2008). The optimization, however, has
not been studied based on minimizing the total embodied energy.

In this study, an optimization model will be established in order to minimize the total energy embodied
in the construction and operation phases of a selected water supply system. The Tamyat@ahas

been selected as the case study for this model. It has three main water supply sources: surface water,
groundwater and desalinated water. These three types of water are obtained, treated, and mixed
before being distributed to the customers. Cuntly, the Tampa Bay Water provides water to more than

2.4 million people in the Tampa Bay area and the daily flow in the system is around 180 MGD. The
Tampa Bay Water has evolved haphazardly over time responding to the growing water demand. Hence,
studyinghow the system can be possibly better designed can help to provide important aspects for the
decision makers on future planning. Results from minimal total embodied energy, minimal direct energy
and minimal cost scenarios will be compared and analyzed.

METHODOLOGY

The total embodied energy is the product of energy intensity (energy per economic activity) and total
economic activities (costs) in a water supply system. The energy intensities for constructing and
operating the surface water, groundwater addsalinated water supply systems were adapted from Mo

et al. (2010) and Stokes et al. (2009). System operation includes both water facility operation and
maintenance, and water deliverCost estimate equations involved in the construction, operation, and
water delivery will be obtained from literatures, including Gumerman et al. (1979), Mickley, (2001),
Traviglia et al. (2008) and McGivney et al. (2008). Those equations and energy intensities will then be
put into the model for optimizing embodied energho optimize the embodied energy,naixed integer
non-linear model will be developed using quadratic integer programming with the assistance of CPLEX.

Within the service area of the Tampa Bay Water, its customers were divided into 10 groups according to

their locations. Possible locations of the potential groundwater, surface water and desalinated water
treatment plants were selected based on their Idoak and suitability. Potential desalination plants will
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be placed on the shoreline and with direct access to open waters. Groundwater well fields need to be in
rural places, and undeveloped lands. Surface water plants have to have access to surfacowats

such as rivers, springs or canals. Moreover, all the treatment plants have to be located within 5 miles of
major distribution network.

After selecting the locations of the potential water treatment facilities and customer groups,
coordinates infomation will be obtained from GIS maps of the Tampa Bay Water, and they will be put
into the model for optimization. The results will show which of the potential locations of the surface
water, groundwater and desalinated water treatment plants would bedus minimize the embodied
energy and their capacities. These results will then be put back into the GIS maps for visual
demonstration.

EXPECTED RESULTS

Through this study, a theoretical optimization model will be established for water supply inrasts.

The potential locations of the surface water, groundwater and desalinated water treatment facilities will
also be selected and the infrastructures will be optimized for minimal embodied energy consumption. A
comparison will be performed for the reks of minimal embodied energy, minimal direct energy and
minimal cost to look for any potential tradeoffs. This study will also provide recommendations for future
system planning.
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The global demand for petroleum as a transportation and heating fueleidigied to increase 40% by

the year 2025 (Hirsckt al., 2005). Domestically produced liquid biofuel from plants and microalgae
feedstock is a renewable and potentially sustainable alternative to petroleum energy as greenhouse
gases released during theombustion of these biofuels are partially neutralized by the carbon dioxide
required for their growth. The greatly minimized acreage estimates, high lipid or starch content, and
biomass production rates that surpass those of terrestrial plants suggestbibdiesel or ethanol
derived from lipids or starch produced by microalgae may circumvent many of the limitations ascribed
to petroleum fuel and first generation plaittased biofuels (Christi, Y., 200Rowever, the limited
availability of genome sequees for nonmodel microalgae that are promising candidates for fuel
production preclude the adoption of a rational approach to metabolic enginedrasgpd biofuel
feedstock optimization studies (Radakowtsal., 2010). To address this gap in knowledge described

the nucleic acid sequencinde novotranscriptome assembly, and metabolic pathway construction for
the lipid and starch enriched marine microaldaenaliella tertiolecta

D. tertiolectawas grown under varying nitrogen and osmetiducing stess conditions and transcribed

gene sequences were extracted during log and stationary growth phases. These transcripts were
converted to cDNA, normalized, and then sequenced using 454 Life Sciences pyrosequencing
technology. Approximately 1.4 million higjuality reads with an average length of 400 bases were
produced. Following various quality and size trimming of the raw sequences, reads were assembled into
33,307 putative transcripts with a &bld coverage. Assembled sequences and singletons were
subjected to Basic Local Alignment Search Tool (BLAST) searches available through the National Center
of Biotechnology Information (NCBI) databases and annotated with Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) orthology (KO) idgerififiese analyses resulted in the
identification of the important biosynthesis and catabolism pathwayB.itertiolecta(Table 1).

Table 1 Essential metabolic pathways annotated in etertiolectatranscriptome.

Pathway Enzymes found Knownenzymes
Photosynthetic carbon fixation (Calvin cycle) 12 13

Glycolysis / Gluconeogenesis 10 10

Pentose phosphate 5 5

Citrate cycle 10 10

Fatty acid biosynthesis 6 6

TAG biosynthesis 3 4

Starch biosynthesis 4 4
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Pathways for carbon fixation, glycolysis, the citric acid cycle, fatty acid biosynthesis, triacylglycerol (TAG)
synthesis, starch synthesis, and several value added products (b carotene, vitamin A, C, and E, and
phyosterols) have been constructed for thisnmodel microalgae. Figure 1 depicts the TAG biosynthetic
pathway. TAG is the main precursor for biodiesel production.

Figure 1. Triacylglycerol (TAG)
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-

* | DGAT PDAT | *
— Lyso-phosphatidylcholine

Triacylglycerol

The construction of metabolic pathways involved in the biosynthesis and catabolism of fatty acids,
triacylglycerols, and starch iD. tertiolectaas well as the fulbssembled transcriptome provide a
foundation for the molecular genetics and functional genomics required to direct metabolic engineering
efforts that seek to enhance the quantity and character of microalgased biofuel feedstock.
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S.E. Powers,* B. Cook
Institute for a Sustaible Environment, Clarkson University, Potsdam NY, USA
*8 Clarkson Ave, Potsdam NY 13&40; 315268-6542; sep@clarkson.edu

Federal energy policy strongly supports the use of biomass to make liquid fuels for transportation use.
Although biofuels can &fctively reduce the consumption of fossil fuels and have other benefits, the

benefits associated with ethanol as a transportation fuel source have been widely criticized.
Unfortunately, the use of the same biomass resources for other consumer energys rieedrely

introduced into the policy discussions. The policies push all biomass towards liquid fuels, while
biotechnology developers are eyeing the same resources for wood chips for combined heat and power

or wood pellets for residential and small ingtibnal heating. Effective ways to evaluate these choices

have not yet been developed and used to address the questignK I & A& GKS o06Sad dzas
biomass resources to meet local energy needs? Energy consumption in Northern New York highlights
tKS ySSR T2NJ 4dzOK |y S@lfdz A2y @ WSAARSY(GALf KSI
I3ra FYyR mMw: 2F GKS aidl dSQa LISGNRE Sdzy O2yadzYLliA2y o
space heating than water heating. Thus, residentedtimg exists as a sector that could benefit from

the use of renewable heating fuels to displace fossil fuels.

The objective of this study was to quantitatively compare the value of utilizing Northern New York
biomass for residential wood pellet heatingsau versus cellulosic ethanol options. Three biomass
resources were considered: coppiced willow crops, grasses and logging residues.-cycldife
methodology was used to provide a holistic approach to evaluate energy and environmental impacts
throughout the biomass growth, collection, conversion, and use aspects of the system. New process
models were developed for wood pellet production and combustion in residential pellet stoves. Other
components of the LCA inventory were derived from the GREET transporfiaels model developed at
Argonne National Laboratory. Sustainability metrics examined include life cycle fossil fuel consumption,
petroleum consumption, greenhouse gas emissions, particulate matter emissions and respiratory health
impacts.

In geneal, all types of biomass used for either solid or liquid fuel that were considered in this work
effectively reduce fossil fuel consumption and greenhouse gas emissions compared to our current
energy sources, although they have the potential to have greéatpacts on human health. Differences
between how the biomass is used (pellets versus E85) were greater than among the three different
feedstocks considered here. For example, results show that employing willow as a residential heating
fuel displaces 1.4imes the quantity of fossil fuels compared to cellulosic ethanol solutions, but 1.9
times less petroleum is displaced. Additionally, biomass heating emits less greenhouse gases and fulfills
more per capita energy demand than if that same biomass wasectad/to cellulosic ethanol.

The results of this analysis identify several trade offs that must be weighed in determining appropriate
uses of biomass from the perspective of environmental impacts. Utilizing solid or liquid biofuels reduces
greenhouse gagmissions relative to conventional fuels, but at the expense of higher quantities of
emitted particulate matter. Heating options can reduce greenhouse gas emissions more than cellulosic
E85 solutions, but with conventional pellet stoves, particulate mattaissions are higher. This tradeoff
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must be considered as renewable fuel use becomes more prominent, and decision and policy makers
are faced with determining which biomass should be used and how to most appropriately use it.
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ANALYSIS OF DIURNAARIATIONS IN ENERGY FOOTPRINT AND ITS CARBON
EQUIVALENT FOR UNIT OPERATIONS IN WATER REUSE

Reza Sobhani, Diego Rosso
Dept. of Civil and Environmental Engineering, University of California, Irvine, CA
"Corresponding author: T: (949) 88661; F: (949)B4-3672; email: bidui@uci.edu

Water reuse is becoming a more accepted contribution to water supply portfolios worldwide (Asano et
al, 2007). Impacts of current and projected population growth in arid and -aeichiregions (United
Nations, 2003), potentiaregional water shortage (USGS, 1984; Adams, 1998), global water shortage
(WHO, 2000), and water scarcity (Falkenmark and Widstrand, 1992; Postel, 2000) make water reuse an
imperative alternative to current water resources like surface water or groundwdtence, cost
effective, energyefficient, and reliable water reclamation technologies are vital to the successful
implementation of water reuse projects.

Since the applied technologies in water reuse are typically energy intensive, any energy efficiency
improvement during operations provides an opportunity for energy and carbon footprint minimization
on a large scale. Also, since each energy source has its own a@agbimalent (i.e., keh/kWh), and

within the day the power companies vary their portlbf employed power sources (SCE, 2010), the
carborrequivalent for power generation is tirgependent (Fig. 1). This, in turn makes the carbon
equivalent of the process enerdgotprint a dynamic function. The ultimate goal of this study is to
understand he effects of daily variations of hydraulic load, temperature, and specific carfjoivalent

for power generation on process efficiency, by using a dynamic predictive model for the energy
footprint in a water reuse system.

The considered processes inghstudy inclusive of: activated sludge, microfiltration, reverse osmaosis,
advanced oxidation with UV/&,. The energy equation (Eqg. 1) is to be minimized to decrease energy
footprint:

E()= E[Q(1),T, (1), k)] =(® § O

j=ASP ,MF,RO,AOP

E[Q(D.T, (t) (1)

J
where, E(t) = energy footprint, kWh/n

Q(t) = influent flow, Ymin

Tw(t) = water temperature;C

Bl(t) = carbon-equivalent emission for power generation,dggk\Wh

As an example, in Fig. 2 we show the AOP contribution to energy footprint normalized per unit flow
treated and the carbon fotprint of the AOP energy (as &§). This figure shows that the carbon
footprint varies when the employed energy sources for energy production change in a diurnal period.
This is due to the type of source employed by power plants to provide power duegdg hpours. Thus,
carbon footprint is much higher during peak periods in comparison to the nighttime. Therefore, even
though the consumed energy could be the same during different diurnal periods, carbon footprint could
vary significantly. This suggests tililow equalization, when possible, would be a solution to mitigate
carbonrequivalent emission, while leaving the enefigptprint and process throughput unaltered.
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Figure 1 An estimation of diurnal power distribution and related power sources. The results are

provided based on the data provided by the State of California power generation resources (CEC, 2010).
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Figure 2 AOP energy requirements for increasing NDMA removthl @onstant Ecand hydraulic load
and the correspondent carbon footprint in different diurnal periods.

References
CEC (2010) California Energy Commission, 2009 Almanac Report, last access in January 2011.

Falkenmark, M., and M., Widstrand (199®)pulation and Water Resources: A Delicate Balance, Population
Bulletin, Population Reference Bureau, Washington, D.C., 4853,2

Lenzen, M. (2008) Life cycle energy and greenhouse gas emissions of nuclear energy: A review. Energy
Conversion and Manageme#9, 21782199

Postel, S.L. (2000) Entering an Era of Water Scarcity: the Challenges Ahead, Ecol. Appl.;#38.4,941

SCE (2011) Southern California Edison, ScheduleQfdse Tiered Domestic report (U 383, p.2.

United Nations (2003) World Populati Prospect: The 2002 Revisiphlighlights, United Nations Population
Division, Department of Economic and Social Affairs, United Nations, New York.

Asano, T., Burton, F.L., Leverens, H.L., Tsuchihasshi, R., Tchobanoglous, Waf20o&)se: issues,
technologies, and applicatiofist edition McGrawHill, New York

WHO (2000) Global Water Supply and Sanitation Assessment 2000 Report, WHO/UNICEF Joint Monitoring
Programme for Water Supply and Sanitation, World Health Organization, Geneva, Switzerland.

227 2011 AEESP Education & Research Confereridaiversity of South Florida



9y SNHe +a | [/ Nraan/dzZitgAy3da ¢KSYS

MICROBIAL ELECTROCHEMICAL CELLS AND THEIR BIOENERGY APPLICATIONS
THE LABORATORY AND FOR THE WASTEWATER INDUSTRY

César |. Torres* Prathap Parameswaramndrew Kato MarcdsRosa KrajmalniBrown,
Bruce E. Rittmarin
Center for Environmental Biotaublogy at Biodesign Institute, Arizona State University,
Tempe, AZ USA
*PO Box 875701 Tempe AZ 852301 email: cit@asu.edu
ph. 486727-9689 fax: 48&¥27-0889

The concept of microbial electrochemical cells (MXCs) holds great promise for renewable energy
production from wastes. Inside an MXC, anode respiring bacteria (ARB) catalyze the direct conversion of
organic matter into electrical current. Electrical current has been successfully produced in MXCs from a
variety of organic wastes which include wastter, wastewater sludge, animal and agricultural wastes,
sugars and alcohols, among others. The electrical current produced can be used to generate electrical
power, fuels such as hydrogen,fHor highvalue chemicals of interest to the water and wastder

industry (i.e. caustic, hydrogen peroxide).

In order to maximize the benefits of MXCs, we must select for ARB that minimize anode potential losses.
By using lower anode potentials, we selectively grew ARB, enriched from wastewater sludg&letthe
Northwest Water Reclamation Plant (Mesa, AZ), that are capable of producing high current densities at
low anode potentials. We used these enriched ARB community to study their kinetics and
thermodynamics and maximize electrical current productiororher to optimize the biofilm anode, we

must understand the transport processes occurring inside the biofilm: substrate diffusion, proton and
ion diffusion, and electron transport to the anode. Moreover, we must understand how the MXC design
affects thee processes and limit ARB activity at the biofilm anode. Our group has combined modeling
and experimental work to study the rates of electrical current production by our ARB community. The
development of these kinetic models has lead to better MXC desigmd has opened new research
areas in the field of microbial kinetics.

One of the new research areas that we are developing is related to the study of microbial kinetics
through ARB. Our previous research on ARB kinetics has revealed that ARB cantamacellular
electron transfer (EET) with minimal potential losses. Thus, their electrical energy production is directly
measuring the metabolic rate of ARB. These electrochemical measurements, in which ARB kinetics are
directly coupled to the anodegpenup new research opportunities for understanding the kinetics of
metabolic processes occurring in microbial cells and biofilms. The continuous monitoring of the current
generated by ARB also allows us to track respiration rates in real time at rhalges 1 millisecond.
Thanks to these electrochemical measurements, we are now able to study the kinetics of microbial
processes in a simpler manner and even perform studies that were not possible before.

An example of such kinetic studies measureskinetic response of ARB to an instantaneous increase in
substrate concentration after a starvation period. The MXC is first depleted of electron donor, leading
to starvation and a decrease in current production by ARB. Then, a spike in substratedéate,
ethanol, butyrate, among others) allows us to determine the microbial response to substrate availability.
ARB response times to these substrate spikes occur within < 5 seconds, demonstrating our capability to
measure microbial kinetics with high tgroral resolution. However, not all substrates have a quick

228 2011 AEESP Education & Research Confereridaiversity of South Florida



9y SNHe +a | [/ Nraan/dzZitgAy3da ¢KSYS

response; this approach has allowed us to characterize mixed microbial communities and determine
whether a substrate is directly consumed by ARB, or if a fermentative step is occurring upstream of
current generation. These experiments not only show the versatility of measuring ARB kinetics, but also
demonstrate the potential to use electrochemical measurements to probe microbial and biofilm
kinetics, thus expanding our knowledge of microbial kirgetelated to bioenergy applications.
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A SUSTAINABLE HOUSING PROGRAM IN SOUTH AFRICA DEMONSTRATES THE
INTEGRATION OF SUSTAINABILITY INTO PRACTICE

L.A. Abroft, D.L. Guy T. Eilangl Y. Willer
'PEER Consultants, PC, PEER Africa (pty.)Ltd., Washington, DC, 20024, JohaRepsblicgf South
Africa
?Kutlwanong Integrated Civic Housing Trust (KITCH), Kutlwanong Township, Kimberly, Northern Province,
Republic of South Africa
*Wwitsand Energy Efficient Housing Beneficiary Support Organization (WEHBSO), Witsand Township, Cape
Town Republic of South Africa
"Corresponding author, T: 202 352 7812, abronl@peercpc.com

Sustainability discussions have been more centered more around improving civil society in developing
countries. Sustainability issues, however, are global and applicable worldwide. The elements of
sustainability are varied. Sustainability work done IBER over the last 15 years in South Africa has
highlighted the following as the most important elements in these discussions in the developing world:
energy, environment, economic development, housing, social stability, capacity building, and
governance. Sustainability in the built environment will not occur if one of these is not considered and
built into the planning and implementation equation.

Decent, safe, sanitary and affordable, energy efficient housing should be the mantra for all sustainable
development professionals regardless of their speciatyarchitects, engineers, developers, policy
specialists, and environmental managers. The house is really the basis for sustainable economic
development in developing countries, as has already beengoravthe US. Houses if built properly can
sustain life, provide a livelihood, promote economic development, and capacity building. From the
perspective of PEER Africa, while a house does all of this, we also look at the house as an appliance. Itis
a tool that is used to accomplish a specific objective. For the purposes of this paper, the house is used
to promote sustainable economic development. It is the epitome of integrating sustainability into the
practice of engineering.

This paper discusses ehutilization and application of affordable energy efficient technologies and
philosophies, and the utilization of environmental best management practices to control municipal
household wastes, community trash, and stormwater runoff in the transformatioshanty towns to
sustainable, affordable, energy efficient and environmentally responsive communities. Over 5,000
energy efficient, formal homes have replaced shacks in about 8 townships in South Africa. These
passivesolar designed homes have demonségh an average reduced energy costs in the homes by
70%. This energy efficient housing program has stimulated an awareness in the improvement of the
environment through more responsive environmental management in the communities,
implementation of affordale, appropriate technologies for lighting and cooking which have led to a
healthier indoor air environment, and utilization of green infrastructure technologies for control of
storm water leading to lowered use of potable water for gardening and moreyatdee gardens and
cleaner streams due to lowered content of pollutants and trash entering the waterways.

This program is an original research, demonstration and development project. It was started and
initially funded by PEER 15 years ago, and coesirto be implemented by PEER and its South Africa
collaborators and many Township Associates. Since 2002, this program has been embraced by
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communities and local governments throughout South Africa, and the national government has
rewritten its housing cdes, rules and regulations to insure that more reliance is placed on the utilization
of sustainability practices in projects utilizing government funds. This program has received
commendation from the United Nations Framework on Climate Change being praetice paradigm

in affordable, energy efficient housing in the world. In 2009, the Witsand Project, a Greenfield of 2,200
homes, won the coveted Eskom eta award. The aweacdgnize companies and individuals who have
designeal innovative ways to prowte efficientuse of energyand to improve business competitiveness
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APPROPRIATE MANAGEMENT OF WASTEWATER AND STORMWATER FROM A
RUBBER PROCESSING FACILITY IN LIBERIA

Nicholas Albergo, P.E., DEE
President & CEO of HSA Engineers & Scientists

In 1987,a report by the United Nations World Commission on Environment and Development (also
1y26y +ta GKS . NUzyRGflFyR /2YYAdaaAz2y0d RSaONAROGSR (KS
definition; rather it has been simply definetb"meet the needs ofhie present without compromising

the ability of future generations to meet their own needblfisustainable activities such as uncontrolled

waste disposal and environmental degradation are replaced through global actions such as agreement

on goals, appropate incentives and controls, and effective institutions to support sustainable activities

such as improved use of technology and resource management, adequate minimum living standards,

and the protection and longerm restoration of the environment.Globd sustainability requires the

integration of three principles: (1) economic growth; (2) environmental protection; and (3) social equity,

wherein all citizens share equally in the benefits of natural resources.

Whereas the primary role of science is telfus understand the world that we live in, the role of the
engineer in sustainability is more fundamental, as it is he/she who solves problems within the
constraints applied by time, money and available knowledge.

The nation of Liberia, located in Weatfrica, is richly endowed with natural resources. Unfortunately,
uncontrolled exploitation of these resources has failed to improve the lives of most Liberians, to the
point that the natural environment is nearing the point of collapd8SA Engineers &cintists was

hired by the Firestone Natural Rubber Compangreate conditions, in connection with their latex and
rubber processing facility, for the adoption of a letegm approach to sustainable development. In this
regard, HSA was required to deopl practical applications of available science and technology,
combined with experience and then adapt those approaches through innovation in a country without a
reliable energy source, availability of modern equipment or tools, and a largely uneduchteddece.

Rubber production is the second single largest economic activity in Liberia. Foreign concessions account
for nearly 600,000 hectares of land usable for rubber production, while Liberians own less than 40
hectares. Rubber is one of the maixports in Liberia, with production estimated at 99,569 metric tons

in 2002. Firestone represents the largest employer in Liberia, where unemployment is at its highest 85%
of the labor force.

Public sanitation services.€., public toilets and garbageoliection) are absent in most parts of the
country. Only about 11% of households have access to flushing toilets; 25% use latrines, most of which
were constructed by aid agencies. The remaining 64% of households dispose of their human excrement
in bushes streams, rivers, ponds, beaches or a hole in the ground. About 26% of households dispose of
their solid waste in public rubbish heaps; 34.6% in private rubbish heaps; and about one in every three
households dispose their waste by throwing it in bushed atreets. Although supplies of water in
Liberia seem to be abundant, it is actually a scarce resource as water bodies have been used as
dumpsites. Open toilets are built along river banks, polluting it for those living downstream.
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As part of its comtbution to global sustainability, Firestone hired H®Adesign and construct a
wastewater and storm water treatment system to treat effluent and runoff discharges at their rubber
processing plantWith limited access to consistent power, antiquated gand an inexperienced local
population of workers, HSA designed and constructed a wastewater facility to treat rubber and latex
process effluent from the facilityin lieu of the historic disposal (since 1926) of all wastewater and
surface water runoffa the neighboring river shared by many small fishing villages.

The effluent was collected via gravity through a series of trenches and collection sumps, and then
transferred to the head of the treatment system which was designed and constructed fiw afflup to

3.5 MGD and to reduce BOD/COD concentrations from up to 3,500 mg/L to below 50witiy/a,98
percent removal efficiency.

The process water treatment system included flow equalization, activated sludge, clarification and used

the ecologicab a DNBSy ¢ 0 az2fdziAz2zy 2F | ylFddaNIt 6SGflFyR F2N
such as nitrogenous compounds, from the water prior to final discharge. Throughout the process, waste

was minimized; the byproducts from the latex/rubber processingiere recovered resources (as

fertilizer), and much of the wastewater could be recycled for use.

¢KS AYLIOG 2F 1{!'Qa RSaA3aly IyR IOGAQGAGASEAE Kla a
management and restoration of the adjoining river, and betigerall resource management. The local
population was trained and now operates the facilityfirthe.

HSA Engineers & Scientists is a-Béon environmental and geotechnical engineering firm with its corporate
headquarters located in Tampglorida. HSA was founded by two principals, both receiving their undergraduate
and graduate engineering degrees from the University of South Florida.
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SUSTAINABLY DIMINISHING MATERIALS USE, AIR POLLUTION, ENERGY, AND

COSTS IN FOUNDRIES

Fred S. CanndnJohn Fok Robert C. Voit Sridhar KomarnehiNicole BrowhJames C.
Furnes$
The Pennsylvania State University, University Park, PA 16802
’FurnessNewburge, Versailles, KY

For 15 years, our Penn State team has been committed to increasing foeffidigncy by introducing novel
technologies that transform wastes and pollutants into resources and value. Much of this work has
proceeded through NSF, DOE, EPA, and USDA grants. We have come to realize that we can make a huge
transformative impact on thewhole foundry industry by (a) devising bindered anthracite bricks as a
replacement for coke, (b) using lesmission biomaterial binders in lieu of phenolic urethane binders for
making cores, (c) using advanced oxidatitinasoniccavitation to reclaim te sand, clay, and coal in waste

green sand; and we are now avidly pursuing multiple avenues to advance the numerous facets of these
innovative opportunities. The components of these that we have moved to proven technologies have been
installed in some of KSNA O Q& f I NBS&ald F2dzyRNAS&A GKIG G23SGHEKSNI
cast iron. A comprehensive paradigm shift of this magnitude involves interlocking facets that borrow from
many fundamental disciplines and occupationann, Voigt, and Furnesshave been the cornerstone of the

Penn Sate Foundry team for fifteen years. Komarneni and Brown have joined this team inthe last 4-9 years

to bring expertise in inorganic and biomaterials, respectively. The team has worked to increase foundry

efficiency by introducing novel technologies that transform wastes and pollutants into resources and value.

With nearly $5 million of NS, EPA DOE, state, and industry grants, the team has made technical
advancements which have saved collaboratingfoundriesmore than $30 million. If all of the innovations that

we have collectively devised and researched were to be included in a single cupola iron foundry, the
SYKIFIyOSYSyida ¢g2dzZ R Odzi 152 -3B% ofiitKli cyEle etrgidy NI its #ed S NI { f
cycle greenhouse gas foot print, and 80% of its VOC pollut@iec®vely, ourteam has directly worked with

13 of the largest USfoundries, in 11 states.

In some of our more recent research, we have appraised using hybrid binders for both foundry cores and
anthracite bricks. These two developments pertain to sustainability in that most of the materials used in the
bindered anthracite bricks and core bindexe otherwise wasted. The collagen comes from animal hides
and tendons, and there is not much other use for it than in lip stick (a limited market). The lignin is merely
burned in pulp and paper mills; and the very fine anthracite grains have littikehaand are sometimes
discarded into silt ponds.

The bricks could replace some of the coke in foundry cupolas; and this is important, because there are only
two coke manufacturers left in America that make foundry grade coke. To make coke, onezgxyroly
bituminous coal at 95T for 1 % days, and this inherently consumef0% of the raw coal energy while also
releasing that amount of green house gases. At ambient temperature, when testing anthracite briquettes in
our lab, the collagen plus cross King additive binders created a product that withstood disimatter
abrasion (95% retained) better than did conventional coke (85% retained). Tests also appraised when
anthracite fines plus silicon metal were bindered with collagen, then heated ungges\to 11061400°C,

then cooled. The product contained silicon carbide nanowires, which gave these thesiredlyed
briquettes an unconfined compressive strength of 550 psi (3600 kPa). This strength exceeded that of coke
(300400 psi). The silicon cadei nanowires formed in less than 7 minutes; as seen intieal / real
temperature xray analyzes. Slight evidences of SiC formation was observed even when the binder included
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5% rice hull silica ash and 5% silicon metal. The collsifieonanthracite yiquettes initially burned faster
than did coke, when placed in a $@oven with air; and these bricks offered the same fuel content as coke.

In more recent lab trials, our Penn State team has observed that whd® lignin is included in the

bindered briquettes, unconfined compressive strengths of 7AWO0 psi have been reached after Q0

pyrolysis for 30 minutes. Following this 8G0pyrolysis, higher strength occurred with no silicon metal
included than when 80% silicon metal was included. Imggarision, following 140 pyrolysis, including

both 10% silicon with the 10% lignin yielded 320 psi strength, whereas 10% lignin with no silicon yielded 110

psi strength. These very favorable results were achieved with either hardwood lignin (mosilyptus)

GKFcd KIFIR 0SSy SEGNI OGSR FTNRBY YNIF4G o6fl O]l €Aljdz2NI oé
lignin (mainly oak) from the Appleton integrated paper mill (Altoona, PA). The Penn State team precipitated
GKAAa 21 A3y ok ligidNRiarbBQ) dciSificatidnf AlsdAbrighiettes made from anthracite,
collagen, and hardwood lignin gave the same fuel content as coke. For the NSF work herein, we will aim to
balance the proportions of lignin, collagen, and Si that offer uncedficompressive strengths that equal
021SQa GKNRdAAK2dzi GKS FNNI}& 2F GKSNXIf NBIAYSaA Ay |

The Penn State team, in collaboration with FurANesvburge, has also conducted two fatale
demonstrations of the collagesiliconanthracite bricks (but wh no lignin yet at that time). These were
RSY2yaiGNIGSR G 2FNR C2dzyRNE 0. f2aa06dz2NAEX t! 0o Ly @
RAFYSGSNIE 0 KAIK ONAOTAT FYR (KS&S NBLIX I OBR mMm: 2°
2 NRQ& LINRPRdAzOGA2Y OdzLl2fl F2N Iy K2dzNW®p ¢KS NBLX I OS
product, which was sold, with no change in the composition e5FK& or other metals; and the product

remained within spec for Burnell hardness, etouring this charging, the cupola upper stack temperature

rose by 30100°C. We observed no bricks that broke apart during the rough cupola charging process, where

the bricks and chunks of scrap iron were droppef@& onto each other. We were also abkelbok into the

cupola melt zone through the tuyere windows. In this zone, we observed 10 of tHeotexblid pieces that

exhibited the distinct masv' F RS né¢ OANDdzZ F NJ aKFLIJSa 2F GKS | yidKNI OA G
down onto them. Theswial results offered promise that the bindered anthracite bricks could hold their own

in the very rough handling and thermally challenging cupola environment.

We also conducted a second demonstration for 4 hours at Ward with colsiieonanthracitebricks (but

with no lignin yet included). Unfortunately, during 3 months storage before this, mold had grown on these
bricks; and they did not hold their strength in the trial. Nahe-less, under these adverse conditions, the
product gray iron remaing within the high quality composition and Burnell hardness specifications. Also,
the bag house dust collectors exhibited no more volume of dust collected during this 4 hours than at other
times, indicating that the anthracite grains did not escape toliag house. When we add lignin into these
bricks (as proposed herein), we anticipate far less biogrowth (see below). We learned from this trial that we
must continue to conduct fundamental research and practical development for this bricking to be always
reliable; and that is what this GOALI project herein is all about.

The Penn State team has also been developing a line of colidigsxie binders for foundry cores that

release 80% less pollution than do conventional phenolic urethane core bindersnuch as half to two

thirds of the VOC air pollution from foundries originates from these core binders when phenolic urethane is

used. These collagénA f A OF 1S 06AYRSNBR alyR O2NBa ONBFGS GKS 7
poured into green and molds. Our Penn State team has devised binders of collagen, alkali silicates, and other
additives that held up against molten iron erosion as well as phenolic urethane binders did, when molten iron

gl a LRdAdNBR 2yi2 GKSY A yettheBalsy latér éxhibite€ddhe sania fav@drable Bitakizy R NBE ®
out propensity as did the phenolic urethane (as measured by-thestnal hardness). Our Penn State team

aims to soon demonstrate these core binders in-$athle trials in a foundry.
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Aerobic biological treatment is one of the most enengiensive options for COD and nutrients removal

in water reclamation (Rosso and Stenstrom, 2005). For the past 50 years, to optimize aeration many
studies have focused on oxygen transfer efficiency (OTE, %) (e.g., Eckenfelder and Ford, 1968) and
oxygen uptake rate (OUR; e.g., Mueller and Stensel, 199()etier understanding of aeration
parameters provides an excellent basis for sustainable practice. Volatile solids or substrate removal are
key components in the traditional calculations of oxygen transfer rate (OFRYRgand oxygen uptake

rate (OUR, mp, ™ h™Y). Activated sludge flocs are composed mainly of biomass (i.e., active and inactive
microorganisms, debris, extracellular polymers, and particulate substrate) but also contain abiotic
compounds. Due to all the components in addition to activerourganisms, calculations using selid
based metrics (such as mixéiquor volatile suspended solids, MLVSS, or its apportioned fractions) may
lead to inaccuracy and uncertainty during calculation of microbial oxygen requirements. The objective of
our study is to compare OTR and OUR calculated using biomass values generated from the molecular
analysis (QPCR) of the bacteria involved in COD and nitrogen oxidation with modeled data calculated
using both MLVS&nd stiochiometrie based formulas (Metcalf anddgly, 2003; Leu et al., 2009). We

also compare our gP@sed OUR results with concurrent-géis measurements in the same water
reclamation plant.

We sampled weekly for 1 year, a local water reclamation plant operating full NDN (average sludge age =
8 d; Q= 16 MGD). Total OUR can be divided as:1o{3FROURcerotrophst OURos+ OURos(highlighted in

Fig. 1). In Fig. 1, the gray shaded area represents the difference between the total oxygen transferred
and the fractions of OUR we accounted for. Therefdh® gray area includes oxygen used by other
microbial species (e.g., protozoa) and oxygen wasted through excessive aeration. Further investigation
of the biomass using qPCR indicated heterotrophic bacteria, AOB, and NOB occupied an average of
96.2%, 3.2%and 0.6% of the total bacteria population, respectively. The oxygen transfer calculations
indicated that total oxygen transferred was in excess by a mean of 46.9%. Heterotrophic bacteria
contributed the greatest demand for oxygen with an average 50.& I, while the oxygen demand

of NOB was minor. By calculating the OUR components for AOB and NOB usinbasgtCR
measurements, we plot in Fig. 1 only a minor contribution to the overall OUR while the process studied
oxidized all the incoming ammon{alH ; ;~ 30 mg/l; NF, ,,<0.1 mg/l). This discrepancy is an interesting

point of discussion, as it could include ammonia assimilation by microorganisms, a factor largely
neglected in most calculations. Three sampling dates were subjected {pasfineasrements to
validate the OUR calculations. OUR calculations using specific biomass were an average of 92.7% (SD =
13.0%) of the offjas analysis method. Although the -gHis dataset was restricted, these results
demonstrate preliminary agreement between g¢htwo methods. In sum, our gP@®ased OUR
calculations agree with the OUR directly measured viega$f testing, although the apportioned OUR

238 2011 AEESP Education & Research Confereridaiversity of South Florida



Integration of Sustainability into Practice

fractions appear discrepant from the traditional

requirements.

Our resultsdemonstrate the capacity of biomass characterization using molecular analysis to accurately
partition the total OUR. The time required to obtain qPCR results is less than 8 hrs, another

stoichiomelrgsed breakdown of oxygen

improvement over the duration of traditional VSS measurements. Eanlgk by Leu et al. (2009)

determined the relationship between OTE and OUR to optimize aeration and minimize power usage by

O2dzLX Ay3d az2y2RQa (1AYySGAO Y2RSft
Our study expands on the concdptinclude dynamic fractions of the bacteria responsible for treatment

and clearly indicates the potential energy cost savings associated with fine tuning aeration control

according to the biomass requirements.
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Figurel. Oxygen requirements calculated from biomass measured with molecular genetics tools and

kinetic parameters (using the same equations as in Leu et al 2009). The white points show the
concordance of this modelith direct offgas measurements.
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