
4. NSF-OCE, “Collaborative Research: Examining the Binding of Radionuclides 
with Marine Biopolymers, A Comparative Study on Th, Pa, Be, Po and Pb 
Isotopes”, Peter H. Santschi,  PI, Kathy Schwehr, Laodong Guo, co-PIs, 2009-2012  
($460,487). 
 

 
Schematic of interactions between (radioactive) metal ions and marine particle assemblages. 
 
Summary: 

Th(IV), Pa(IV,V), Po(IV, II,-II), Pb(II) and Be(II) radioisotopes are important proxies in 
oceanographic investigations, e.g., for tracing particle dynamics and particulate organic matter 
(POC) fluxes out of the euphotic zone, and for studying boundary scavenging, paleo-productivity 
and ocean circulation. Even though considered routine, these approaches rely on often poorly 
constrained, empirically determined and variable isotope ratios or ratios to POC. Previously 
conducted laboratory and field investigations suggest that a number of biopolymers, potentially 
produced by both phytoplankton and bacteria, are carrier molecules for most of these isotopes, 
rather than purely inorganic surfaces. We hypothesize that specific binding and redox processes 
control marine scavenging and the most efficient binding would occur to acid polysaccharide- 
and protein-containing biomolecules. Proposed experiments will attempt to separate, identify and 
characterize radioisotope carriers that are hypothesized to be effective binding ligands.  Our 
proposed interdisciplinary research project will require instrumental approaches for 
characterization studies, in combination with controlled laboratory and field experimentation. 
Laboratory studies consist of comparative uptake experiments of a suite of naturally occurring 
radionuclides to a number of substrates, including model organic and inorganic compounds, 
marine colloidal and particulate organic matter, and biopolymers harvested from cultures. The 
proposed field program will include collections and characterization of diverse types of 
suspended and sinking organic matter from different parts of the ocean.  
 Intellectual Merits: The intellectual merit of this research is the elucidation of the chemical 
basis of oceanographic tracer applications of different natural radioisotopes. The objectives of the 
proposed research are: 1) to determine relationships between oceanographic tracer radionuclides 
(e.g., Th, Pa, Pb, Po, Be radionuclides) and biomarker biopolymeric carrier compounds (e.g., acid 
polysaccharides such as uronic acids; proteins, degradation products containing hydroquinones). 
2) to determine redox control for the uptake of selected radioactive metals (e.g., Pa(IV,V) and 
Po(IV,II-II)) by particles and colloids. A series of sub-hypotheses will be tested: H1) There will 
be different carrier phases for the different radionuclides; H2) Carrier phases will be mostly 
organic rather than inorganic; H3) There will be different organic biopolymeric carrier phases for 
the different radionuclides; H4) Class A-type radioactive metal ions (e.g., Th(IV), Be(II)) will be 
mainly carried by acid polysaccharides such as uronic acids; H5) Class B-type/borderline 
radioactive metal ions (e.g., Pb(II)) will be mainly carried by reduced sulfur containing 
compounds (e.g., proteins, iron phases); H6) Sulfur-analog polonium will be mainly carried by S-
containing proteins. Both laboratory and field studies will be needed to test these hypotheses.  
Phytoplankton and bacterial species relevant to oligotrophic regions of the ocean (e.g., 



Prymnesiophytes, Haptophytes, Cyanobacteria) will be cultured, and EPS separated from these 
cultures using continously improved procedures. Samples from lab and field studies will be 
separated and purified using preparative HPLC and gel isoelectric focusing gel electrophoresis, or 
field-flow-fractionation, followed by radiochemical, GC-MS, and/or AAS analysis.  

Broader Impacts: A number of unique findings will result from this project that are 
relevant to our fundamental understanding of biologically mediated ocean scavenging 
mechanisms and carbon cycling in the oceans. Besides contributing to our knowledge of 
biogeochemical controls on natural radionuclide cycling, the outcome of this research will 
contribute to the interpretation of data obtained by field studies especially through the 
GEOTRACES program. The proposed work will constitute an integral part of the research 
education of 2 graduate students who will be able to take advantage of the diverse state-of-the-art 
analytical and intellectual resources available in our laboratories. The results of the proposed 
research will impact chemical oceanography by addressing the role of a diverse array of organic 
biopolymers on ultra-trace level radionuclide and metal cycling in the ocean. 
 


