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Collaboration on this work will aid in the development of technical acumen 
and provide access to a network of experts in nuclear nonproliferation and 
arms control research.  Resources shared and technology transfer between 
UTK, ORNL, Y12, SRNL, University of Hawaii, MIT, UC Berkley will provide 
core components of graduate research

Analysis Analytes of interest
16S rRNA Biosensor community
Shotgun Metagenomics Biosensor genes, potential functions
Metatranscriptomics Gene expression, active functional profile
Major, minor elements Si, Al, Ti, K, Fe, Mg, Mn, Ca, Na, P, S
Light Rare Earths La, Ce, Pr, Nd, Pm, Sm, Eu
In/Organic Ions TC, TOC, TN, Cl, F, NO3, NO2, SO4, PO4

Trace Metals Co, Be, Sc, V, Ni, Cr, Cu, Zn, Cs, Ba, Rb, 
Sr, Pb, Th, U, Pu, Y, Zr, Nb

Radioisotopes Cs-134,Cs-135,Cs-137; U-235,U-238; Sr-
90; H-3, Pu-239

Integration and comparison of data from contaminated and background 
areas within and between nuclear legacy sites is being conducted to 
determine if characteristic microbiomes are associated with specific stages of 
the nuclear fuel cycle. Results will help define spatial and temporal 
constraints on potential biosensor application/deployment, while establishing 
a database of microbial, geochemical and environmental information from 
nuclear legacy sites to inform development of other nonproliferation 
technologies.

In addition to answering fundamental questions about potential biosensor 
communities, timeframes, and signature specificity, sample collection and 
analysis will also target surface sample locations and groundwater wells to 
help define the lateral and vertical limitations of biosensor applications 
(Figure 6). 

Sample collection from sites within the ORR will begin in late April early May,
2021, with geochemical and microbial analysis planned for the summer.Surface water, groundwater, plant, and sediment samples will 

be collected (Figure 3) from equally-spaced intervals along 
contamination gradients - with a focus on enriched uranium 
facilities, reactor buildings, storage sites, and disposal areas.  
Samples will also be collected from uncontaminated areas to 
provide background data for each site (Figure 1).  

Figure 1. (A) Map of the Savannah River Site (SRS) and, (B) the Oak Ridge Reservation showing the 
locations of contaminated and uncontaminated background areas to be sampled

Microbial analysis will include 16s rRNA 
amplicons, metagenomics and meta-
transcriptomics to characterize 
biosensor community compositions, 
gene functions, and gene expression 
(Table 1). Geochemical analyses will 
include major, minor and trace 
elements, and radionuclides via 
inductively coupled plasma mass 
spectrometry, gamma-/alpha-
spectroscopy, and beta-counting.  

Table 1. List of microbial and geochemical analyses.
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Figure 3. Sample types to be 
collected (DOE, 2018).

Figure 4. Melton Valley and High-Flux Isotope Reactor (HFIR) sample locations

Figure 2. Schematic showing stages of the 
nuclear fuel cycle (US NRC, 2020).

Figure 5. Spallation Neutron Source (SNS) sample locations.

Figure 6.Y12 Sample locations near the former S3 ponds. 

How quickly do potential biosensors register fuel cycle 
signatures and how long do they retain them?

Can characteristic microbial communities be identified for 
specific stages of the nuclear fuel cycle?

This work will focus on addressing the following fundamental questions about the 
potential mechanisms, resolution, and feasibility of biosensors for nuclear non-
proliferation:

What genes are unique to microbiomes 
exposed to fuel cycle activities, materials?

Samples will be collected along a corridor of 
mixed contamination from current and historical 
fuel cycle activities in Melton Valley (Figure 4).  
Higher resolution sampling will be conducted 
around the High Flux Isotope Reactor (HFIR) 
and the Spallation Neutron Source (SNS) to 
evaluate potential biosensor communities 
associated with neutron scattering research 
facilities of different ages (Figures 4,5). 

Can microbial-geochemical signatures help differentiate fuel 
cycle activities at sites with mixed contamination? 

Future work will also focus on opportunities to expand the existing database 
with information from other U.S. nuclear legacy sites.  

Statistically significant correlations between microbial sequences and 
geochemical parameters such as uranium and strontium at radionuclide-
contaminated sites (e.g. Smith et al., 2015; Zelaya et al., 2019), suggest 
microbial communities could potentially be used to develop biosensor 
technologies for nuclear nonproliferation. The spatial and temporal limitations of 
these potential biosensors and their sensitivity to different stages of the nuclear 
fuel cycle are unknown.

To address these knowledge gaps, data from nuclear legacy sites is being 
collected and analyzed to determine the timeframes in which potential 
biosensors can register/retain fuel cycle signatures, their ability to differentiate 
between various peaceful and arms-related nuclear activities, and the spatial 
limits of their application.

Samples will be collected from ORNL and Y12 at the Oak Ridge Reservation 
(ORR) in TN, and from the Savannah River Site (SRS) in SC (Figure 1). In 
addition to their historical roles in U.S. nuclear weapons manufacturing, these 
nuclear legacy sites currently support a variety of nuclear research, defense, and 
fuel cycle activities, making them ideal locations for evaluating potential 
biosensors.
This work will help characterize key 
mechanisms and conditions for optimal 
deployment of microbial biosensors for 
nuclear nonproliferation. 

Data compiled will also help to establish a 
database of microbial, geochemical and 
environmental information from nuclear 
legacy sites that can be used to inform 
development of other natural monitoring 
technologies for nonproliferation efforts. 


