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We live in a world beset 
by complex problems
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We live in a world beset 
by complex problems

w
w
w
.h
ow

st
uff

w
or
ks
.c
om

Water 

Source:	  Marc	  Edwards,	  VT



Energy

shutterstock.com
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To address these challenges 
requires new approaches…  

1) Difficult problem formulation	

2) Multiple but incompatible solutions	

3) Open ended time frames	

4) Novelty	

5) Competing value systems or objectives

Consistencies amongst these problems  



“…the biggest problems we need to 
solve now require the expertise of 
people from different backgrounds 

who bridge the gap between 
disciplines. Unless we learn to share 

our ideas with others, we will be 
stuck with a word of seemingly 

impossible problems”



Interdisciplinary Graduate 
Education Programs (IGEPs) at Virginia Tech
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VT SuN supports 
scholarly 
applications of 
nanoscale science 
and engineering to 
improve our 
understanding of 
nanoparticle 
interactions within 
the environment as 
well as to enhance 
our ability to apply 
nanotechnology to 
solve global 
environmental 
challenges.  



Teams 
have 

always 
been 

required 
to solve 
complex 
problems

Rocket Scientists  
at NASA
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Sustainable Nanotechnology
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DisposalApplicationsManufacturing
Fate

Processes

Fate

Processes

Incineration	

(Marr)
Wastewater	

(Pruden/Vikesland)

Recycle/capture	

(Vikesland)

Nanomedicine	

(Roman, Bickford)

Sensors	

(Vikesland, Pruden, Marr)

Nanocellulose applications	

(Renneckar, Vikesland)

Earth Nanosystems

Nanocellulose	

(Roman, Renneckar)

Metal NPs	

(Vikesland)

Life Cycle Assessment
AuNPs	

  (McGinnis, Vikesland)

Nanocellulose	

  (McGinnis, Renneckar)

CeO2 	


Fate Processes
nC60	

  (Vikesland, Marr)

Metals/Metal oxides/sulfides	

  (Bickford, Hochella, Marr, Michel, Pruden, Vikesland)

CeO2	

  (Hochella, Marr)

Virus	

  (Marr, Pruden)



“The reality of the creative process is 
that it often requires persistence, the 

ability to stare at a problem until it 
makes sense.”

In the field of sustainable 
nanotechnology education 
persistence encompasses a 

wide range of different 
approaches.
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Three “Core” courses

Environmental	  Nanotechnology

Interdisciplinary	  Sustainable	  Nanotechnology

Engineering	  Ethics

One “Elective” course

Weekly meetings

Co-advising of students

GOAL
A cohort of 

students, faculty, 
and affiliates with 

the collective 
expertise to 
address the 

complexities of 
sustainable 

nanotechnology

THE PROGRAM
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Classes: Learning to understand one another.
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Meetings: Learning to speak to one another.
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Sustainable 
Nanotechnology 
Organization Annual 
Meetings

Conferences: Learning to share with colleagues.



hBps://blogs.lt.vt.edu/sustainablenano

Social Media: Learning to share with others.

> 8600 Views in less than one year!

@VTSuN	

> 400 followers

Other accounts:	

@petervikesland	

@linseymarr	

@waterARGome	

@marjoriewillner	

@marinavance	

+ others	

> 1200 followers	
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Outreach: Learning to share with others.



Heard over 242 radio stations 
by 1.1M listeners per week, 

including Armed Forces Radio 
and the World Radio Network  

Outreach: Learning to share with others.



Quantifying our successes

Graduated 13 PhDs!
3 EPA STAR Fellows!

5 NSF Student Fellows!
8 ACS Student Awards!

3 ICTAS Fellows!

   Rebecca French"
   PhD 2011!
   AAAS    "
   Congressional   "
   Fellow!

Rebecca Lahr!
      PhD 2013!
  !
Assist Prof!
     Michigan State!

      Yanjun Ma"
       PhD 2014!
  Assist Prof "
   China Univ "
Mining & Technology!

                  Manuel Monge"
                 postdoc 2013!
              Assist Prof!
Univ Santiago!
Chile!

 Takuya Echigo!
  postdoc 2010!
   Assist Prof!
      "
   Shiga Univ, Japan !

       Andrew Whelton !
        postdoc 2010!
      Assist Prof "
      Purdue!

           Bojeong Kim "
            postdoc 2013!
         Assist Prof!
         Temple!

    Nina Vance"
       PhD 2012   !
 VTSuN "
 Associate "
 Director!

            Matt Hull "
            PhD 2011!        ICTAS"Program Manager!

  Jose Cerrato!
                    PhD 2010!

   Assist Prof!
      U of New 

Mexico!



Press Coverage



Nanocellulose - Across the Lifecycle
Nanocellulose Production (Roman, Renneckar)!

Bacterial 
Cellulose!

Microfibrillated!
Cellulose!

Cellulose!
Nano Crystals!

Life Cycle Assessment of 
Nanocellulose Production 
(Renneckar, McGinnis)!

Li et al. (2013)!



Nanocellulose - Across the Lifecycle

Wei et al. (ES Nano, 2014)!

Nanocellulose Based Nanocomposites"
(Vikesland, Renneckar)!

Cellular and Organismal Interactions!
(Roman, Pruden, Renneckar, Vikesland)"

Dong et al. (2014)"

Nanocellulose!

Complex Biological!
Communities!



Gold Nanoparticles – Implications and Applications
Nanoparticle Based Pathogen Sensors !
(Vikesland, Pruden, Marr)"

Rule et al. (2009 & 2010); Riquelme et al. (Submitted)"

Nanoparticle Fate in the Environment !
(Vikesland, Pruden, Bickford)"

Organismal Uptake – "
Hull et al. (2011; 2013)"

2D and 3D Nanoparticle Tracking – Chan & Vikesland 
(2014); Lahr et al. (2014); Detzel et al. (2013); Reese 
et al. (submitted)"

Life Cycle Assessment of Production!
(Vikesland, McGinnis)!

Pati et al. (2014)!



Silver Nanoparticles – Engineered and Earth Systems 



Silver Nanoparticles – Engineered and Earth Systems 

Discovery of silver sulfide 
nanoparticles in sewage sludge!

Kim et al. (2010)!

Nanosilver dissolution !
using atomic force microscopy!

Kent et al. (2012)!

Nanosilver sulfidation in a full-scale 
wastewater treatment plant!

Kent et al. (2014)!

Nanosilver effects on 
antibiotic resistance 
genes and microbial 
communities in anaerobic 
digestion!

Miller et al. (2013) "
Ma et al. (2014)!

Release of "
nanosilver from 
consumer products!

Quadros et al. (2010), (2011), (2013)! Nanosilver impacts on 
disinfection byproduct 
formation in wastewater 
effluents!

Metch et al. "
(to be submitted)!



Keys to success
• Fruitful faculty-faculty 

interactions

• Fruitful student-faculty 
interactions

• Fruitful student-student  
interactions

All of these require good communication within and across disciplines.



pvikes@vt.edu 
@petervikesland 

@VTSuN

“How do we make 
the world work for 

100% of humanity in 
the shortest possible 

time through 
spontaneous 

cooperation without 
ecological damage 
or disadvantage to 

anyone?”   
!

Buckminster Fuller 


