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Pedro Alvarez Exemplifies the
Bio-Nano-Convergence

Impact

Bio

Nano

Techno

But how did it 

all begin…



Like bacteria 
he emerged from hot springs



…Is fueled by organic substrates



He colonizes with other prominent types 
of bacteria & roams the earth…

… Understanding how

Life and Nanotechnology

Interact…Joanrosium sp.

Bruceredoxium sp.

Pedroconvergium sp.



… and facilitates high impact interdisciplinary 
science at convergence of bio- & nano-

technology

…And he is always 

wearing a smile!

Nano

Bio

Techno



NEWT 

Sources of Nanomaterials in Drinking Waters

Do we know the levels or origins 

of nanomaterials in drinking water 

sources or tap water?

Could or should we be measuring 

nanomaterials in tap water?



Potential Sources of Natural, Incidental 
and Engineering NMs into water supplies



Particle size distributions across many 
water types follow Pareto’s Law

N ≈ 3x106×(dp)
-2.5



Effluent of 
Mesa WWTP

Tap 
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Pareto’s Law Distributions of 

Equivalent TiO2 # Concentrations

If all Ti was as TiO2 these represent 
Maximum Exposure levels

Reference: Total # natural 10 nm particles is ~ 109/mL



Nanomaterial Measurement Methods

• Colorimetry

• Fluorescence 

• Electrochemical

• Light scattering or particle tracking

• Electron microscopy

• Single particle ICP-MS (ICP-TOF-MS)

Suitability for drinking waters

&

expected NP Concentrations?



Comparison of ENP predicted surface water concentrations, background 
bulk concentrations, detection limits and drinking water standards (* 

Element has not MCL or SMCL in drinking water) 
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Water Treatment Can Remove
nano- and micron-sized particles



WTPs can monitor micron sized 
particles during treatment
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Should/Could we

Count < 100 nm particles

In tap water?

(not ultrapure water..)



spICP-MS Time-resolved data of 49Ti, 140Ce 
and 107Ag for Verde River and tap water
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Verde River Tap Water



Water Treatment Processes as Sources
of Nanoparticles

• Nano-enabled 

sorbents

• Nano-enabled 

catalysts

• Nano-enabled 

membranes



Freely dispersed NMs 
require separation
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Attaching or embedding NMs reduces 
need for filtration systems

GAC

AC Fibers Electrospun fibers

“Moons” Ion exchange beads

Nanoparticles on 

Macroscale

Scaffolding



Nano-Enabled Membranes Can Leach NMs?

Nano-Ag (2 mg/cm2)

POU RO Membranes
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Other sources of NPs into Tap Water



spICP-MS on Tap 
water can detect NPs

Fe

1	ppb	spike	CuO	in	nanopure	water	

1% tap water contains >90% 

dissolved copper



Summary

• Nanoparticles exist in source and tap 

waters

• Detection strategy

– Element specific

– # counting

– Both?

• National NP Reconnaissance could 

generate baseline data

• Nano-enabled devices 

– Long-term operation & monitoring of required

– What is an acceptable NP release level into 

tap water for regulated vs non-regulated 

elements?



Acknowledgements

Contributors: 
• ASU: Ariel Atkinson, Pierre 

Herckes, Arjun Venkatesan, 

Yuqiang Bi, Sean Zimmerman, 

Bingru Han

• John Fortner, Michael Wong, Julie 

Zimmerman, Jorge Gardea-

Torresdey, James Ranville

• NSF Nanosystems Engineering 

Research Center for 

Nanotechnology-Enabled Water 

Treatment

…And he is always 

wearing a smile! 





Engineered NPs likely represent a small 
fraction of all NPs

Ranville and Montano



Capability of commonly accessible methodology to characterize and 
quantify engineered NPs in natural water samples.  Text color codes for 

analysis speed of water samples (#/day): >50 ; 10-50 ; <10. 

*For carbon analysis only: NIRF=Near Infrared Fluorescence; MTA=Microwave thermal analysis; 

TGA=thermogravimetric analysis; ICP-MS=Inductively coupled plama-mass spectrometry; spICP-MS=single particle 

ICP-MS (Q-quadrupole, TOF-Time of flight); DLS=Dynamic Light Scattering; FFF=field flow fractionation; 

SEM/TEM/EDX=scanning electron microscopy/transmission electron microscopy/energy-dispersive Xray analysis; 

AFM=atomic force microscopy; NIRF=near-infrared fluorescence spectroscopy



Regulatory implications for elements commonly used in engineered 
nanoparticles 

(* provides commonly-occurring range in surface waters for non-
regulated elements as a comparison)





Thesis Objectives

• Develop a extreme leaching test method ― water jet test, compare 

the water jet method with the batch test, dead-end filtration, and 

cross-flow filtration

• Determine the Ag leaching amount and percentage for every 

leaching tests

• Compare the four different leaching test results, coming up with 

which leaching test 

―has the highest Ag leaching

―is the easiest to replicate

―is the most cost-effective 

• Develop standard protocols for standard silver composite membrane 

leaching tests

Introduction



Membrane Preparation

Spiral 

Wound

1. Rinse the membrane with 3mM AgNO3

solution 10 minutes, then discard the solution 

and left a thin layer on the top;

2. Rinse the membrane with 3mM NaBH4

solution for 5 minutes, then discard it;

3.  Rinse the membrane with Nanopure water for 

10 seconds

* Ben-Sasson, M.; Lu, X. L.; Bar-Zeev, E.; Zodrow, K. R.; Nejati, S.; Qi, G. G.; Giannelis, E. P.; 

Elimelech, M., In situ formation of silver nanoparticles on thin-film composite reverse osmosis 

membranes for biofouling mitigation. Water Research 2014, 62, 260-270.

*

Methodology



Four Test Solutions

Nano-pure Water

(about pH 5)

pH5 (with Cl-) pH10 pH5 (without Cl-)

1 mM MgCl2

2.5 mM NaH2PO4

1 mM MgSO4

2.5 mM NaH2PO4

2.5 Mm Na2B4O7

5mM NaOH

NSF/ANSI-61

Cl- may influence Ag+ leaching, change to SO4
2+

Methodology

Ksp,AgCl = 1.6 x 

10 -10

Ksp,Ag2SO4
= 1.2 x 

10-5



Leaching Test  Water Jet

Water Jet 

Batch 
Test

Cross-flow

Dead-end

Water Jet Set-up

Water jet outlet D = 1.19 mm

Flow rate up to 1.1L/min

Water velocity up to 16.5 m/s

Water flow pressure up to 20 psi

Membrane size D = 18 mm 

Exposing area D = 6.35 mm (1/4’’)

Fixed between two rubber gaskets
Water 

jet

Membrane
Exposing 

area

Methodology



Cut two ¼” 

circles

Cut exposed area 

D=¼”

Test Ag loading 

BEFORE water jet 

hitting

Ag coated RO

Test Ag remaining on 

exposed area after 

water jet hitting

Water jet hitting the exposed 

membrane

Dissolved the rest of 

the membrane

Leaching Test  Water Jet

Initi

al

Exposed 

membra

ne

Covered 

Membran

e

D=0.71”

Water Jet 

Batch 
Test

Cross-flow

Dead-end

Methodology



Water Jet 

Batch 
Test

Cross-flow

Dead-end

40 mL 

Extraction 

solution 

Shaking for 3 days

Change the extraction 

solution every 24 hours

Leaching Test  Batch Test
Methodology

4.9 

cm2

2.0 

cm2

0.44 

cm2

+

Study the influence 

of sa/vol on silver 

leaching



Water Jet 

Batch 
Test

Cross-flow

Dead-end

Pressure:             90 psi

Feed flow rate:    1.8 GPM

Permeate Flux:    20~40 L/hr/m2

Operation time:    50 hrs

Solution volume:  23 L 

(all the solution was 

recirculated in the system)

Samples were taken both for 

concentrate and permeate 

during the 50h

Leaching Test  Cross-flow
Methodology



Water Jet 

Batch 
Test

Cross-flow

Dead-end

Operation pressure: 90 psi

Extraction water volume: 

200 mL

Operation time: 4 hours

Leaching Test  Dead-end
Methodology



SEM Images of RO with/without Silver Impregnation 

Results

• The average silver loading on the membrane is 2.0 ± 0.51 

μg/cm2

• Lower than the Ag loading (2 - 4 μg/cm2) reported by Ben-

Sasson*
* Ben-Sasson, M.; Lu, X. L.; Bar-Zeev, E.; Zodrow, K. R.; Nejati, S.; Qi, G. G.; Giannelis, E. P.; 

Elimelech, M., In situ formation of silver nanoparticles on thin-film composite reverse osmosis 

membranes for biofouling mitigation. Water Research 2014, 62, 260-270.
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Water Jet  Ag Leaching Trend

Ag Total 

measured 

(ug)

Ag Initial 

Loading 

(ug)

Mass Balance 

(%)

5.4 ± 0.22
6.0 ±
0.93

93 ± 13

5.9 ± 0.64
6.2 ±
0.76

95 ± 1.0

6.0 ± 0.22 6.7 ± 1.4 91 ± 14

3.7 ± 0.58
4.1 ±
0.70

89 ± 6.0

Ag remaining in the exposed area + 

Ag remaining in the covered area + 

Ag released to water

• Ag loading on the membrane has a 

variance of ± 25%

• Ag attached at the experiment set-

up may have influence on mass 

balance

Acceptable Mass Balance  100± 25%

Results



Dead-end  Ag Ions vs. Ag NP in Filtrate

▪ The silver concentration 

in the filtrate area all 

below 2 ppb;

▪ The silver concentration 

in the concentrate are 

around 5 ppb

Nano-pure water

Results

▪ Both AgNP and Ag 

ions are increased 

during the dead-end 

filtration



Clean Water Grand Challenge

• Engineering Research Centers (ERC)

– ERCs operate at the interface between the 

discovery-driven culture of science and the 

innovation-driven culture of engineering

– 2015 launched NSF Nanosystems ECR on 

Nano-Enabled Water Treatment (NEWT)

• NEWT VISION

– Enable access to treated water almost 

anywhere in the world, by developing 

transformative and off-grid modular treatment 

systems empowered by nanotechnology that 

protect human lives and support sustainable 

development.

– Focus on Two Applications
• Off-grid humanitarian, emergency-response and rural 

drinking water treatment systems

• Industrial wastewater reuse in remote sites (e.g., O&G)



• How can we use novel nano-
properties for water purification?

• How can nano-materials be 
embedded into scaffolding without 
loosing their functionality?

• What “activation” modalities can be 
employed to replace use of 
chemicals?

• What safety concerns exist around 
nano-enabled water technologies?

Over Arching Science Questions

Image Credit: M. Northrop/ASU 



Operational Vision & Outcomes


