From: Hawk, Daniel

To: MSFC-SSFL-EIS

Cc: Eellows, Merrilee (HQ-LD0O0)

Subject: FW: Nuclear Lab Site Clean-up/ High CEC Cpyro/ LLNL.gov using in Bikini Island for Radiocesium mitigation
Date: Monday, August 19, 2013 10:10:43 AM

Attachments: Iris Smith 2012 Summer Student Poster edit V2-EditedAndFormatted.pptx

NASA please forward this email to in-charge for SSFL clean-up.
Thanks,
Dan

From: Hawk, Daniel

Sent: Monday, August 19, 2013 9:56 AM

To: nepa@hg.nasa.gov

Subject: FW: Nuclear Lab Site Clean-up/ High CEC Cpyro/ LLNL.gov using in Bikini Island for
Radiocesium mitigation

NEPA team first workups of Cpyro was part of KSC undergrad research for Advanced
Astronaut Carbon-Based Life Support. The filtration properties of carbon are well
known. What if high CEC Cpyro can make otherwise untreatable soil to treatable, or
reduce or mitigate the soil to a lessor degree? This would be of great value to NASA
and the public. It is worth discussing the use of high CEC pyrogenic carbon as a
viable contamination nuclear mitigator with Dr Hamilton at Lawrence Livermore
National Laboratory/ DOE.

Respectfully,
Dan Hawk

From: Hawk, Daniel

Sent: Sunday, August 18, 2013 8:25 PM

To: Ray.Leclerc@dtsc.ca.gov

Cc: Marina.Perez@dtsc.ca.gov; Russ.Edmondson@dtsc.ca.gov; Mark.Malinowski@dtsc.ca.gov
Subject: Nuclear Lab Site Clean-up/ High CEC Cpyro/ LLNL.gov using in Bikini Island for Radiocesium
mitigation

Ray, | am just dropping you a note. We are using pyrogenic carbon in Marshall
Islands in support of the Congressional Marshallese Resettlement... perhaps Cpyro
might be a solution to contamination clean-up for your project. Let me know if you
would like to set up and experiment. See poster for some preliminary details.

Dr Terry Hamilton at linl.gov is in charge of the Marshall Islands Project.

Sincerely,
Dan Hawk


mailto:hawkd@uwgb.edu
mailto:msfc-ssfl-eis@mail.nasa.gov
mailto:mfellows@nasa.gov

Abstract



Pyrogenic carbon (Cpyro), commonly known as Biochar, Terra Mulata, is a porous charcoal that has been derived from partial carbonization of ligno-cellulosic materials including plant and waste biomass through pyrolysis. The use of Biochar in agriculture dates back to 7000 BC forming part of the Ancient Amazonian Dark Earth soils distribution (Amazon Black Earth). The humic components derived from Black Carbon have high aromaticity and charge density giving rise to high CEC values and sustainable fertility. Biochar is extremely stable in soil and is known to greatly improve the productivity of plants. There has also been growing interest in using Biochar in soil as a carbon-negative pathway for semi-permanent storage of atmospheric CO2, and for remediation of heavy metals and organic pollutants (and possibly radioactive substances). Interest in Biochar under the Lawrence Livermore National Laboratory (LLNL) Marshall Islands Program stems from the possible combined remedial actions of employing Biochar as a soil additive to selectively sequester labile soil Cesium-137 (137Cs) on one hand while providing a potential slow release form of K (in the form of Black Carbon) to help block the uptake of soil 137Cs into locally grown food plants on the other without the addition of large quantities of chemical fertilizers.

Introduction



Between 1946 and 1958, the United States conducted 66 atmospheric nuclear tests at Bikini and Enewetak Atolls in the northern Marshall Islands (1946-58) [1]. Following the infamous Bravo test conducted on Bikini Atoll on 1 March of 1954, resident population groups living on Rongelap and Utrōk Atolls were accidently exposed to fresh fallout contamination and had to be evacuated to avert further radiation exposure. Utrōk Atoll was resettled about three months later.  However, the people of Rongelap Atoll did not return home until 1957, only to enter into self-imposed exile during 1985 when it was revealed in Marshallese language reports that the atoll remained contaminated to various levels with long-lived fallout radionuclides.  Since this time, the people of Rongelap have lived in temporary housing on Majetto Island at Kwajalein Atoll, and endured many years of frustration in attempting to obtain assurances from the U.S. government that it would be safe for them to return to their ancestral homeland. Similarly, there was a partial resettlement of Bikini Atoll during 1969, but again people living on Bikini had to be relocated in 1978 because it was shown that some island residents had acquired unacceptably high burdens of radioactivity in their bodies, largely from dietary intakes of 137Cs contained in locally grown food plants such as coconut, breadfruit and Pandanus fruit.



The overall aim of the study was to develop data and information to support sustainable resettlement outcomes related to food security and economic development by ensuring that local produce such as leafy green vegetables can be grown in an enduring and radiologically safe manner. Such efforts are especially relevant to indigenous populations in the Marshall Islands because they have one of highest rates of diabetes in the world.

Materials and Methods



A series of radioactive tracer experiments were designed  using Cesium-134 (134Cs) to determine the ‘distribution’ or ‘partitioning’ coefficients (commonly referred to as a Kd in the pelagic environment) of Cesium between different size tractions of Biochar suspended in soil water in comparison to that measured between coral soil and soil water.  Plant growth experiments were also conducted to determine the influences of Biochar on seed germination, vegetative growth and soil-to-plant uptake of 137Cs, and to study fungal associations with the Biochar (in particular Arbuscular mycorrihizal fungal associations) in soil. 



Biochar Fractionation and Soil Mixture:



The Biochar was size-fractionated by dry sieving for 20 minutes using an automated Sieve Shaker fitted with >4.75 mm, 1.18 mm, 0.5 mm, 500 µm, 125 µm, 40 µm, 
and 20 µm size standard mesh screens. A coral soil sample collected from Bikini Island was air dried and homogenized in a V-mixer prior to use. Separate sub-aliquots of each sample type were taken for analysis of soil chemistry (including total and exchangeable potassium).



Sample collection and measurement:



The distribution experiments were carried out in 250 mL Erlenmeyer flasks sitting on a rotating table. Each experiment was conducted with approximately five grams of conditioned Biochar or soil, and 100 mL of 0.2 µm filtered soil water containing 600 Bq of 134Cs tracer solution  and adjusted to pH 7.0-7.4. The soil water (salinity~0.1 ppt) was originally recovered during 2011 from a plate lysimeter inserted at a depth of about 1-m below ground level on the interior portion of Bikini Island, and stored frozen. 



Distribution coefficients were measured after adding the Biochar or soil to the aqueous phase and gently mixing the sample by hand (time=0) followed by sampling intervals extending from a few minutes, to hours and days. Each sample consisted of 1 to 1.2 mL of solution drawn up from the sample flask using a plastic pipette, and then syringe filtering the aqueous phase into pre-weighed, standard geometry, gamma counting vials. The vials were then made up to volume using 2% ultrapure HNO3, sealed with parafilm, bagged, and then counted by high-resolution gamma-spectrometry to determine the amount of 134Cs remaining in the aqueous phase.  The amount of 134Cs absorbed to the Biochar or soil was then calculated using a total activity mass balance equation, and the distribution coefficient reported as Bq g-1 in Biochar divided by Bq mL-1 in water (in units of mL g-1).

Results and Discussion



The 134Cs distribution coefficients (expressed as Kd, mL g-1) for two different size fractions of Biochar and coral soil measured over time are shown in Figure 1. The distribution coefficient of 134Cs on Biochar increases by a factor of 20 fold or more after 7 days over that observed for 134Cs in coral soil alone.  Desorption experiments in soil water show that the uptake of 134Cs is largely irreversible and therefore support our hypothesis that Biochar added as a soil amendment may act to sequester labile soil 137Cs in radioactivity contaminated coral soil from the Marshall Islands.  Further studies will be required to determine the exact nature of the binding capacity of Cesium on Biochar.

	

It should also be noted that the chemical analyses of Biochar showed an abundance of potassium and magnesium.  Previously large-scale field experiments in the Marshall Islands have demonstrated that addition of potassium fertilizer provides an effective method for reducing the uptake of 137Cs into plants [3]. 

Conclusion



Initial experiments designed to quantify the absorptive capacity of Biochar using 134Cs appear to show that Biochar does exhibit some favorable properties for the uptake of Cesium ions in suspensions of soil water. The measured Kd values for 134Cs after 7 days exceeded those exhibited by coral soil alone by factors of about 20 fold. The addition of Biochar as a soil amendment may therefore not only be beneficial in helping improve the productivity of plants growing in coral soil but help reduce the root-to-plant transfer of 137Cs in locally grown food products. We postulate that the added effectiveness of Biochar as a potential remedial option will result from the combined effects of using Biochar to sequester labile soil 137Cs on one hand while helping suppress 137Cs uptake on the other by improving soil fertility of soil and providing an adequate source of available K without the addition of large quantities of chemical fertilizers. Upon further research and testing, the use of Biochar for radionuclide remediation may not only be useful in the Marshall Islands but extend to other contaminated sites such as Fukushima. 
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Photo: SEM Photo of Biochar (courtesy of Michael B. Hayes).



Photo: Bulk Woodlands Biochar (courtesy of Dan Hawk).
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Figure 1. Comparison of the 134Cs distribution co-efficient measured at various time intervals for two different size fractions of Woodlands Biochar and a sample of surface coral soil collected from Bikini Island in the Marshall Islands.



Biochar is composed of polyaromatic units of different size and with different organizational levels [4]. Observe the network structure of Biochar which provides an enormous surface area vastly improving the water holding capacity of soils. This is particularly important in aiding the productivity of plants growing in coral soils from the Marshall Islands.  It is also considered that the pores of Biochar provide a refugee for water and Arbuscualr mycoorhizal fungi in association with plant roots – effectively extending the root and helping enhance the uptake of nutrients to the plant.
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Figure 1. Comparison of the 13*Cs Distribution Co-efficient Measured at Various Time
Internals for Two Different Size Fractions of Woodlands BioChar and a Sample of
Surface Coral Soil Collected from Bikini Island in the Marshall Islands














