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Reinforced Learning Feedbacks for reinforcement learning

Steve Xiao

Project Highlight
The use of Machine learning (ML) and artificial intelligence 
(AI) was investigated utilizing algorithms developed on a 
simple insect robot to determine the source of dropping 
gas pressures in the TCAP system. A deep neural network 
was utilized and trained to utilize the internal weights for 
identifying the cause of dropping pressures.

Project Team
Principal Investigator  	 Steve Xiao
Team Members  
Matthew Folsom		  Caleb Scott 
Vincent Dinova 

Abstract
Use of a deep neural network to determine the cause 
of an event is a unique method of determination. 
Determination is commonly executed through ML 
algorithms specifically regression-based ML or Bayesian 
networks. These methods limit the complexity of the 
systems that can be analyzed. The deep neural network 
methodology, though more complex and unpredictable, 
can allow for analysis of the system with orders of 
magnitude more complexity than previous methods.

Objectives
•	 Acquire TCAP data
•	 Develop software to sort TCAP events
•	 Create and train AI
•	 Retrieve and interpret results for analysis

Introduction
The TCAP system in SRNL utilizes a heating and 
cooling process to separate isotopes. The mini-TCAP 
development collects about 100 parameters every 
two seconds. As illustrated in Figure 1, the test system 
separates gas between two tanks (Feed/Recycle Tank1 
and Feed/Recycle Tank2). Once a certain pressure is 
reached the system swaps the source and product tanks. 
This allows the system to continue testing with the same 
gas. Throughout this testing, the total pressure of these 
tanks (1+2) was dropping as shown in Figure 1. Eventually 
the pressure drops below the switching threshold and 
the system test is discontinued. The objective of this AI is 
to determine which input parameter affects the pressure 
of these tanks as shown in Figure 2.

Figure 1: Gas Transfer between tanks (top) and total gas 
pressure dropping (bottom).

Figure 2: A simplified Schematic of mini-TCAP.
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Figure 5: Distribution of amount of gas transferred parameter from multiple 
loss functions (value of one being the most influential parameter).

Approach
A deep neural network was chosen due to 
the complexity of the problem set. Most 
causal problems are solved with Bayesian 
networks or regressions-based ML. This 
is due to the simplicity of the algorithm’s 
internals. A deep neural network was 
trained utilizing the methodology shown in 
Figure 3. The dataset and the weights of the 
first layer are stored. This process 
is completed multiple times 
with multiple loss functions. The 
weights of each parameter are 
then averaged to produce the 
result. This allows the network 
to train with multiple internal 
configurations. A library was 
created to allow quick changes 
to these parameters and utilize a 
custom acceptance algorithm for 
training. Utilization of the library 
follows the login in Figure 4. 
The results produced were valid. 
The selected parameter was the 
amount of gas transferred. This 
would be a valid result given the 
parameter set of interest. This does not 
indicate the exact problem. Given more 
time, the algorithms should be adjusted 
and executed with this parameter left out to 
determine a less obvious cause. However, 
the neural network approach of causation 
functioned with acceptable results as 
shown in Figure 5.

Accomplishments
	◆ Acquired TCAP data
	◆ Developed software to automatically 

sort TCAP events from multiple years of 
data

	◆ Developed automated and with manual 
methods of verification to sort TCAP 
events in which gas pressure is dropping 
in the pattern of interest

	◆ Developed neural network helper 
library for quick changes to the system

	◆ Create neural network topology
	◆ Trained neural network
	◆ Retrieved and interpreted results for 

analysis

Figure 3: AI Training Methodology.

Figure 4: Custom AI Library Usage.
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Characterization of Properties for a Gamma-Irradiated  
‘Revised’ International Simple Glass

Charles L. Crawford

Project Highlight
Simulated high‐level waste borosilicate glasses were 
irradiated with gamma dose to simulate in‐situ radiation 
exposure and damage in the glass. After irradiation, 
several measurements of optical, physical and corrosion 
properties were determined to compare with the 
unirradiated glass

Project Team
Principal Investigator  	 Charles L. Crawford
Team Members  
Robert J. Lascola		  Katie A. Hill
External Collaborators  
Jose Lugo Jimenez (Augusta University)

Abstract
Simplified surrogate high-level waste glasses from 
recent national and international testing were irradiated 
to gamma doses of 100 Mrad and 200 Mrad. Properties 
of the irradiated glass were measured for comparison 
to the pristine unirradiated glass. Glass transition 
temperatures as well as infrared and Raman spectroscopy 
measurements show no change in the irradiated glass. 
Short-term aqueous corrosion tests on the glass powders 
also indicate no measurable differences comparing the 
irradiated to pristine samples. Some corrosion differences 
were observed in the pristine glasses due to slight 
compositional changes. As expected from the observed 
radiation darkening of the glass, absorbance spectra of the 
irradiated glass with the pristine glass used as reference 
indicates a broad absorbance over the range of 400 to 700 
nm that is centered around 550-600 nm.

Objectives
•	 Irradiate International Simple Glass (ISG) with SRNL 

Gamma Irradiator to nominal dose of 200 Mrad
•	 Irradiate ‘revised’ ISG glasses (ISG-1 and ISG-2) to 

nominal dose of 100 Mrad
•	 Compare measured properties of the unirradiated 

and irradiated glasses
•	 Measure optical properties with Raman spectroscopy 

and Photoluminescence (PL)
•	 Apply the American Society for Testing and Materials 

(ASTM) static powder glass leach test to measure 
corrosion properties of all glasses

Introduction
Borosilicate glass has been adopted internationally for the 
treatment of nuclear waste with the object of long‐term 
stabilization of the waste through vitrification [1,2]. Still, 
the effects of self‐radiation through radioactive element 
decay over hundreds or even thousands of years on 
glass composition can only be modeled or simulated [3]. 
Accelerated tests considering worst‐case scenarios are 
therefore useful for understanding glass behavior on the 
longer time scales in the interest of future generations. 
Accordingly, the object of the proposed research is to 
gain understanding of the effects of gamma radiation 
resulting from radioactive element decay on the physical 
properties of borosilicate glass for use in the vitrification 
process. To this aim, the well characterized glass system 
referred to as International Simple Glass (ISG) [4] agreed 
upon by the international community as representative 
glass will be employed. The ISG, a 6‐ component (Si, 
B, Na, Al, Ca, Zr) glass available at the Savannah River 
National Lab (SRNL), was originally subjected to a 
100 Mrad dose via a Co‐60 gamma irradiation and an 
additional 100 Mrad dose to attain a cumulative 200 
Mrad dose. Revised ISG glasses were obtained that 
introduce minor chemical additives of La and Mg, and 
these glasses were also irradiated to a 100 Mrad dose. 
 

Unirradiated 500‐gram glass bar vs. irradiated bar: top view 
of bars (left) and unpolished cross sections (middle left & 
right); Revised ISG-1 plate glass (right). Ionizing radiation 
discolors the original dull lime‐green hue of the ISG glass and 
the clear ISG-1 glass to a darkened color.
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The effects of gamma rays on the ISG glasses were then 
studied by spectroscopic analysis methods, dilatometry/
calorimetry and corrosion, in comparison with the 
unirradiated reference. The primary methods included 
optical absorption, Raman spectroscopy, glass transition 
temperature and short‐term corrosion performance. The 
research is expected to provide insights into the long‐term 
effects of gamma radiation emitted during radioactive 
waste decay.

Approach
This study examined a 100 Mrad and 200 Mrad dose to the 
original ISG glass, as well as 100 Mrad doses to revised 
ISG glasses (ISG-1 and ISG-2). A 500-gram bar of the ISG 
was irradiated in the SRNL Co‐60 gamma irradiator for a 
duration of 1,096 hr at a dose rate of 
~ 9E+04 rad/hr to obtain a cumulative 
gamma dose of ~ 100 Mrad. A portion 
of the original ISG dosed glass was 
further irradiated to attain cumulative 
200 Mrad dose. Figure 1 shows the 
modeled dose rate from the Co‐60 
source to the central bar of glass. The 
colors shown in the central rectangle 
indicate expected dose rates of 
~9.15E+04 rad/hr (yellow), 9.45E+04 
rad/hr (blue) and 9.75E+04 rad/hr 
(purple). After irradiation exposure 
several ‘slices’ of the glass were cut/
polished by the SRNL Glass Shop using 
a wet diamond cut blade and manual 
polishing aids including Silicon Carbide 
(SiC), Cerium impregnated discs and 
3‐9 micron Al2O3 grinding sheets. 
Photographs of the ~ 800 grit and ~ 

8,000 grit (clear) cross section slides from the unirradiated 
glass are shown in Figure 2. A comprehensive physico-
chemical evaluation was carried out comparing the three 
pristine ISG specimens. The different characterizations 
performed were the following: XRD and vibrational 
spectroscopy (structural properties); static dissolution 
PCT (chemical durability); dilatometry and calorimetry 
measurements (thermal behavior); photoluminescence 
spectroscopy with decay kinetics assessment (optical 
properties). Table 1 shows the chemical composition 
of the revised ISG-1 and ISG-2 glasses vs. the original 
ISG glass. Trace La was added into ISG-1 and Mg was 
substituted for some of the Ca in the ISG-2 glass. 
 

Accomplishments
	◆ The original ISG glass that had been dosed to 100 Mrad 

in FY20 was further irradiated to achieve a cumulative 
200 Mrad dose. Samples of the newer ISG-1 and ISG-2 
glass plates were both dosed to 100 Mrad. 

Figure 1:. Modeled dose rate to the central/vertical glass bar.

Figure 2: Low (left) and high polish (right) unirradiated glass corrosion 
section specimens.

Table 1: Compositions (mass%) of the various ISG Specimens.
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	◆ Corrosion testing (Table 2) indicates that the three 
pristine glasses (ISG, ISG-1 and ISG-2) display 
measurable differences in normalized release of B 
and Na. Similar comparisons amongst pristine vs. 
irradiated samples indicate no measurable differences 
in corrosion behavior.

	◆ Raman spectroscopy (Figures 3 – 5) shows similarity 
in the three pristine glasses (ISG, ISG-1, ISG-2) as well 
as very similar spectra comparing the ISG to the 100 
Mrad (ISG 1x) and 200 Mrad (ISG 2x). The 100 Mrad 
irradiated ISG-1 and ISG-2 also show similar Raman 
spectra to their pristine samples.

Table 2: Corrosion test normalized concentration (g/L) results 
on pristine and irradiated glasses.

Figure 3: Raman Spectra obtained with 532 nm excitation for 
the various ISG samples.

Figure 4: Raman Spectra of the original ISG and the 100 Mrad 
and 200 Mrad samples.

Figure 5: Raman Spectra of the pristine and irradiated ISG-1 
and ISG-2 samples.
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Figure 6: PL emission spectra obtained for the ISG (top), ISG-1 (middle) and ISG-2 (bottom)

	◆ Photoluminescence (PL) emission spectra (Figures 6 – 
9) were collected for all glasses to enable comparison 
of the pristine glasses and the irradiated samples. 
PL spectra for the ISG and irradiated samples do not 

show new PL peaks. New PL peaks and peak shift were 
noted for the irradiated ISG-1 and ISG-2 glasses vs. the 
pristine samples.
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Figure 7: PL emission spectra obtained for ISG and irradiated (100 Mrad and 200 Mrad) 
samples. The irradiated ISG samples did not show any new luminescence.

Figure 8: PL emission spectra obtained for ISG-1 and irradiated samples. A PL increase (middle spectra) and shift (right 
spectra) occurs for irradiated ISG-1.

Figure 9: PL emission spectra obtained for ISG-2 and irradiated samples. New more intense PL observed for irradiated ISG-2 
(middle & right spectra).
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Corrosion Detection of Material Surfaces Using  
a Java-Based Software

Holly B. Flynn

Project Highlight
The main milestone of performing a proof of principal test 
was reached, by getting access to the data and extracting 
out significant features of a crack defect using the Java-
based software, Fiji™ (ImageJ). The data was also used to 
programmatically identify the width of cracks by using 
Gaussian fits.

Project Team
Principal Investigator  	 Holly B. Flynn
Team Members  
Raymond G. Belliveau 
Michael Martinez-Rodriquez

Abstract
Automation techniques for recognizing material defects 
are very common in fields like infrastructure survey 
and civil engineering; however, the defects are usually 
easily distinguishable from their background, on a larger 
scale (e.g. cement bridges), and very specific. Extracting 
information about a defect that is near or equal to the 
background of the data can be extremely difficult. Images 
with heavy background corrosion, pitting, cracking, and 
man-made defects (such as welding) makes extracting 
information on a specific defect near-impossible. This is 
especially true when the defect is on the micron level and 
the dynamic range of your image taking instrument is low. 
So, a simplified, Java-based Fiji™ (ImageJ) defect detection 
program, dependent on a ‘flag’ system, was proposed for 
data that has a micron level hairline crack that is near or 
equal to the background. The utilization of the built-in 
functions, plugins, and macro scripting capability of the 
Java-based software sends a series of flags to the user that 
help to identify if the surface contains a defect of interest 
and to characterize that defect.

Objectives
The main milestone was to perform a proof of principle 
test. This is demonstrated by:

	◆  Extracting data (images) from the measurement 
instrument.

	◆  Processing the images through the Java-based 
software and identifying the defect of choice (crack).

	◆  Using the information from the Java-based software, 
Fiji™ (ImageJ), to process through Gaussian fitting 
routines and other processing techniques.

Introduction
Automation techniques for recognizing material defects 
are very common in fields like infrastructure survey and 
civil engineering; however, the defects are typically easily 
distinguishable from the background surface, occur on 
large structures, and due to the size of the defect can be 
imaged with a camera. In many of these cases the analysis 
approach is either computationally heavy such as a neural 
network or the feature extraction is overly complicated 
and very specific. It is proposed that a simple flag-based 
system using a macro program written in a Java-based 
software can identify the location of a crack and extract 
the relevant feature information for analysis and machine 
learning. 
Cylindrical stainless-steel containers for radiological 
materials at the Savannah River Site become compromised 
over time due to extensive radiation exposure. The 
containers consist of a cylindrical body and welded 
lid, and in preparation for study are cut into sections. 
Individual sections are imaged using a laser confocal 
microscope (LCM). Due to the curvature of the container 
the LCM is used to ‘flatten’ the images for analysis and 
defect detection. The areas of interest are also nearest the 
lid weld location, which has been indicated as the region 
most likely to develop cracks. The cracks are typically only 
a few microns wide. Due to the small size of the cracks 
and the curvature of the containers, the LCM is a great 
instrument for extracting data; however, the LCM takes a 
very long time to image the samples and often produces 
sample images with low dynamic range. In combination 
with the problems due to the welding defects, corrosion, 
and pitting that has also occurred during the radiation and 
heat exposure, the crack is often difficult to differentiate 
from the rest of the sample surface.
A simplified, Java-based Fiji™ (ImageJ) defect detection 
program, dependent on a ‘flag’ system was proposed. The 
utilization of the built-in functions, plugins, and macro 
scripting capability of the Java-based software (ImageJ) 
sends a series of flags to the user that help to identify if 
the surface contains a defect of interest. Further analysis 
and examination of the region can be had through x, y 
location estimation and Gaussian fits. This contributes a 
less-computationally heavy way of extracting out features 
from an image that can be used as is or can be further used 
in supervised learning.



89

Savannah River National Laboratory • FY21 LDRD Annual Report

Corrosion Detection of Material Surfaces Using a Java-Based Software

Figure 1: A: Map of the relative locations of each image based 
on the filename convention. B: Twelve optical-intensity images 
that cover a region of interest. Each image overlaps partially 
with the adjacent images. C: Result of the stitching routine on 
the twelve images in B.

Approach
The image analysis process is based on identifying 
flags that tell the user and the program that a defect 
has potentially been identified. The more flags that are 
weighted the higher the probability that a defect has 
been found amongst the background noise. The flags are 
based on key facts about what a specific defect is. For 
the purpose of this study, the defect of interest is a crack, 
defined as an object that ideally has the lowest intensity 
in its local area, has a high directionality, can be reduced 
to a single thread or skeleton, and has a distinguishable 
Gaussian-shaped profile.

Accomplishments
	◆ An in-house written stitching routine was built to 

extract the data from the VK4 files that the laser 
confocal microscope generates. This stitching routine 
is demonstrated by three steps in Figure 1.

	◆ A flag-based system was proposed and performed 
on the images. This approach is a simpler, less 
computationally intense approach to defect detection 
especially in low-dynamic range, noisy images. 

	◆ Figure 2 includes images of two separate cracks with 
varying levels of background noise. The x, y locations 
determined by the flag-based system are drawn on 
each image as small squares. The images show that 
the estimated x, y locations determined to be the 
crack center by the flag-based system is a very good 
estimate.

Figure 2: (Left) Estimated x, y position of the crack determined by the flag-based software for an image with corrosion and pitting 
present. (Right) Estimated x, y position of the crack determined by the flag-based software for an image with welding defects 
present (darker region at bottom).
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	◆ The determined x, y values were then used to fit 
Gaussian routines to the estimated crack locations. 
Figure 3 shows two histograms that plot the 
frequency that each FWHM is measured. A red line 
is drawn to indicate prior analysis determination of 
crack width. 

	◆ The short project successfully completed the proof  
of concept.

Contributing Postdoctoral  
Researchers 
Holly B. Flynn		  Raymond G. Belliveau

Figure 3: Histograms of the FWHM values calculated using Gaussian 
fits and the estimated x, y crack location determined by the flag-based 
system. The red line is the size of the crack determined by a prior 
analysis. Each Histogram relates to the images in Figure 2, respectively. 
The dual peaks in the top hand image is due to the heavy corrosion 
regions that the crack passes through, whereas, the image with weld 
defects has less corrosion.
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Enhanced Filter Material for Pathogen Removal 

Wendy Kuhne

Project Highlight
It was determined that spherical silver (Ag) nanoparticles 
either bound to 316 stainless-steel filter material or as 
unbound nanomaterials in deionized water had anti-
microbial activity on Escherichia coli K-12 (E. coli) cultures 
when aerosolized or waterborne. This effect however was 
attenuated when in the presence of the high-salt growth 
media. Nanoparticles are known to agglomerate in high 
salt solutions and this may have limited their ability to 
cross the cell membrane of the microorganisms and cause 
fatal damage. 

Project Team
Principal Investigator 		 Wendy Kuhne
Team Members 	  
Candace Langan 		  Simona Murph

Abstract
In this project we evaluated two spherical nanoparticles, 
gold (Au) and silver (Ag), embedded separately on 316 
stainless steel (SS) filter materials to remove potentially 
pathogenic microorganisms from airborne and 
waterborne environments. Escherichia coli K-12 (E. coli) 
was chosen for airborne experiments where an aerosol 
stream was generated for 75 sec using deionized water (DI) 
in a nebulizer (fan speed set to ~11.2 L per min, sonication 
at 50%). E. coli were collected on agar plates 1” from 
the nebulizer with and without filter material present. 
Treatment conditions were SS alone, SS + Ag, and SS + 
Au, and no filter conducted in triplicate. Ag filter material 
showed a 90% reduction in colony forming units (CFUs) 
in the aerosolized stream using DI water. Waterborne 
experiments, using liquid E. coli cultures in DI water 
exposed to SS, SS + Ag, and SS + Au filters resulted in a 
statistically significant reduction of CFUs compared to the 
no filter material control. When evaluated using a high salt 
growth media as a delivery source instead of DI water, the 
reduction in viable colonies was not present. Comparison 
of the SS filter alone vs the SS + Ag show similar levels of 
CFU reduction (~70-79%) in the aerosolized stream of DI 
water. 

Objectives
•	 Determine suitable viral pathogen surrogates 

relevant and ensure that adequate analytical tools 
exist.

•	 Create and functionalize nanoparticles (different 
geometries and compositions; native or coated with 
surrogate-specific receptors) on filter materials, such 
as polypropylene fibers and/or stainless-steel wool. 

•	 Create relevantly sized microorganism waterborne/
airborne environments (surrogates) and filters, the 
ability to entrain them in fluid streams, and a way to 
reliably detect them with the surrogate to deactivate 
them and determine the efficacy of the treatment.

Introduction
Controlling and preventing air-and water-borne infections 
from exposure to pathogenic microorganisms is of global 
concern. The COVID-19 pandemic highlighted the need for 
development of novel filtering technologies for deactivation 
of human viral pathogens and surrogates present in 
airborne, foodborne and/or waterborne environments. 
Herein, we address fundamental questions to develop an 
effective means for the capture, removal and deactivation 
of human pathogens and surrogates through attraction 
to activated nanoparticles (NPs), with subsequent 
destruction and decontamination. The small particle size 
and high surface areas of nanomaterials are attractive 
additives as they can dramatically alter performance 
at low loadings. Metal and metal oxides, e.g. silver (Ag) 
and cuprous oxide nanoparticles, have been known for 
decades to display antiseptic characteristics, including 
antibacterial, antifungal, and antiviral properties.1 They 
are efficient in wound management, various coatings 
for medical devices, and impregnating textile fabrics. 
Moreover, it has been shown to have increased efficacy at 
limiting viral infectivity on material bound viruses in clinical 
trials. Prior reports have indicated the Ag nanoparticles at 
3-6 nM concentration had antimicrobial effects on yeast 
(isolated from bovine mastitis) and Escherichia coli (E. 
coli) O157:H8 (ATCC 43886). A higher concentration (33 nM) 
was required for inactivation of Staphylococcus aureus 
(ATCC 19636).2 The mechanism by which Ag nanoparticles 
are thought to function as antimicrobial agents is linked 
to damage caused to the microorganisms cell membrane 
either through electrostatic forces3 or by internal physical 
damage by passage of the nanomaterials through 
cell membranes or by the formation of pits leading to 
leaking of the cells.4 We investigated Ag and gold (Au) 
nanomaterial bound to stainless-steel filter materials, as 
well as unbound nanomaterials, for their antimicrobial 
activity in both airborne and waterborne environments. 
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Approach
Airborne pathogen approach:
Initial tests were completed to determine the optimal 
distance from nebulizer and amount of time required for 
collection and formation of colony forming units (CFU). 
Varying distances and timepoints were collected on tryptic 
soy agar plates and incubated overnight to determine a 
dilution factor that would allow for countability (between 
50-200 colonies/plate) pf the CFUs.
E. coli K-12 (ATCC, Manassas, VA), were diluted in deionized 
(DI) water (1:250,000 from stock culture) and loaded into 
a nebulizer to generate an aerosol stream. The nebulizer 
fan was set at 50% sonication to deliver the aerosol 
stream containing E. coli at 11.2 L min-1. The aerosol 
stream containing E. coli was set up 1 inch away from the 
filter material covering a tryptic soy agar plate (Figure 1).  

Each agar plate was exposed for 30 seconds, and all 
experimental conditions were performed in triplicate. 
Filter material tested included spherical silver (Ag) 
nanoparticle-coated 316 stainless steel, spherical gold 
(Au) nanoparticle-coated, 316 stainless steel without 
nanoparticles bound, and no filter material as a positive 
control. Aerosolized E. coli that had traveled through 
the filter material was collected onto agar plates and 
incubated overnight. Colonies were allowed to form for 
24-h post collection at 37°C and CFUs were imaged and 
counted using a AlphaImager. 

Waterborne pathogen approach:
E.coli were diluted in DI water or Tryptic Soy Broth (TSB) 
growth media (1:250,000 from stock culture) and 10 mL of 
diluted culture were placed in a petri dish and incubated 
with varying filter materials: Ag nanoparticle-coated 
stainless steel, Au nanoparticle-coated stainless steel, 
stainless steel without nanoparticles bound, and no 
filter material as a positive control, or unbound spherical 
nanoparticles (Ag and Au) while shaking on a rocker table 
(Figure 2). Timepoints were taken over the course of 
incubation by taking 20 µL of the incubated E. coli culture 
and plating it onto a tryptic soy agar plate. Colonies were 
allowed to form for 24-h post plating at 37°C and CFUs 
imaged and counted using an AlphaImager. 

Figure 1: E. coli aerosol delivery to the filter 
material covering an agar plate. 

Figure 2: E. coli waterborne incubation with bound nanoparticle filter 
materials and unbound nanoparticles at room temperature on shaker. 
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Accomplishments
	◆ Airborne: A log-reduction (~90%) in CFUs of 

aerosolized E.coli in DI water was measured with filter 
materials embedded with Ag nanoparticles versus the 
control with no filter present (T-Test one-tail p-value 
<0.01). The stainless-steel filter alone and stainless 
steel embedded with Au reduced CFU by ~70-79% 
and was measured to be statistically significant vs the 
control no filter test (p-values = 0.01, p-value = 0.03) 
respectively. A marginal difference was measured in 
comparing the antimicrobial effect of the stainless-
steel filter alone vs the stainless-steel embedded with 
Ag (T-Test one-tail p-value=0.05) (Figure 3). 

	◆ Waterborne: Statistically significant reductions 
(p<0.05) in colony formation were observed with 
filters embedded with spherical Ag nanoparticles at 

a minimum of 1 h of exposure. Exposures performed 
using dilute TSB growth media containing salts 
showed little to no reduction in CFUs. Salts are known 
to cause agglomeration of nanoparticles5 and could 
have reduced their efficacy by not allowing the Ag to 
pass through the cell membrane to cause damage. 
Efficacy of Au is driven by the size and shape of 
the nanoparticles, with rod shapes being the most 
effective6, and in this study the spherical shape and 
size were not as effective for bacterial reduction 
(Figure 4). 

Figure 4: (Left) Colony Forming Units (CFUs) of waterborne E. coli in deionized water exposed to filter materials containing 
bound silver (Ag) or gold (Au) nanoparticles compared to 316 stainless steel (SS) filter control and no filter control (n=3). (Right) 
CFUs of waterborne E. coli in growth media exposed to filter materials containing bound silver (Ag) or gold (Au) nanoparticles 
compared to 316 stainless steel (SS) filter control and no filter (n=3).

A

Figure 3: (A) Colony Forming Units (CFUs) of aerosolized E. coli exposed to filter materials containing embedded silver (Ag) or 
gold (Au) spherical nanoparticles compared to stainless steel (SS) filter control and no filter. (B) Post-24hr collection of exposed 
E. coli to filter material on agar plates. Nebulizer positive controls were included (n=3). *All filter conditions were statistically 
significant vs the no filter control (AVOVA p-value <0.01). **A marginal difference was measured between the SS control and the 
Ag filter (p-value = 0.05) and no difference between the Ag and Au filters (p-value >0.05)
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	◆ Unbound nanoparticles alone were tested at 
concentrations of 450 nM, 4.5 µM, 45 µM in DI water 
for 6 h with 100% reduction of CFUs with the stainless 
steel + Ag filters and no statically significant difference 
in CFUs measured vs the control (p >0.05). Using a 
dilute concentration of nanoparticles (30 nM, 300 nM 
and 3µM Ag and Au) in TSB growth media containing 
salts no statistically significant reduction in CFUs vs 
the control (p>0.05) was measured (Figure 5). 

Contributing Postdoctoral  
Researcher 
Candace Langan
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Figure 5: (A) CFUs of waterborne E. coli in DI water exposed to unbound spherical silver (Ag) or spherical gold (Au) nanoparticles 
compared to control culture with no nanoparticles (n=3). (B) CFUs of waterborne E. coli in TSB growth media exposed to unbound 
spherical silver (Ag) or spherical gold (Au) nanoparticles compared to control culture with no nanoparticles (n=3). 
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