CHEMICAL AND BIOLOGICAL DEFENSE PROGRAM

SBIR 05.1 Proposal Submission

General Information


In response to Congressional interest in the readiness and effectiveness of U.S. Nuclear, Biological and Chemical (NBC) warfare defenses, Title XVII of the National Defense Authorization Act for Fiscal Year 1994 (Public Law 103-160) required the Department of Defense (DoD) to consolidate management and oversight of the Chemical and Biological Defense (CBD) Program into a single office – the Deputy Assistant Secretary of Defense, Chemical and Biological Defense Programs, DATSD (CBD).  The Joint Science and Technology Office (JSTO) for Chemical and Biological Defense (resident at the Defense Threat Reduction Agency) draws upon the disparate chemical and biological weapons defense expertise in the Department of Defense to direct and manage efforts for proper preparation and response in the event of a chemical or biological weapons attack against U.S. forces or territory, or those of our allies.  The executive agent for the Small Business Innovation Research (SBIR) portion of the CBD Program is the Army Research Office-Washington (ARO-W).


The mission of the Chemical and Biological Defense Program is to ensure that the U.S. military has the capability to operate effectively and decisively in the face of biological or chemical warfare threats at home or abroad.  Numerous rapidly-changing factors continually influence the program and its management, including planning for war-fighting support to asymmetrical threats, the evolving geopolitical environment, U.S. participation in the Chemical Weapons Convention, the threat of global proliferation of chemical and biological weapons, and DoD resources available.  Improved defensive capabilities are essential in order to minimize the impact of such weapons.  U.S. forces require aggressive, realistic training and the finest equipment available that allows them to avoid contamination, if possible, and to protect, decontaminate and sustain operations.  Further information about the DoD CBD Program (and related programs) is available at the DoD Counterproliferation and Chemical Biological Defense Homepage at Internet address http://www.acq.osd.mil/cp/.


The overall objective of the CBD SBIR Program is to improve the transition or transfer of innovative CBD technologies between DoD and the private sector for mutual benefit.  The CBD SBIR Program targets those technology efforts that maximize a strong defensive posture in a biological or chemical environment using passive and active means as deterrents.  These technologies include chemical and biological detection; individual and collective protection; decontamination; modeling & simulation; and medical pre-treatments, diagnostics, and therapeutics.

Submitting Your Phase I CBD SBIR Proposal

Your entire proposal (consisting of Proposal Cover Sheets, the full Technical Proposal, Cost Proposal, and Company Commercialization Report) must be submitted electronically through the DoD SBIR/STTR Proposal Submission Website in accordance with the DoD Program Solicitation at www.dodsbir.net/solicitation.  A hardcopy is NOT required for CBD. Hand or electronic signature on the proposal is also NOT required.  The DoD-wide SBIR Proposal Submission system (available directly at http://www.dodsbir.net/submission) will lead you through the preparation and submission of your proposal.  Refer to section 3.5d at the program solicitation for detailed instructions on the Company Commercialization Report.  You must prepare a Company Commercialization Report through the Submission site and it will be included with your electronic submission; however, it does not count against the proposal page limit. Update your commercialization information if you have not done so in the past year.  Please note that improper handling of the Commercialization Report may result in the proposal being substantially delayed and that information provided may have a direct impact on the review of the proposal.

Be reminded that section 3.5.a of this solicitation states: “If your proposal is selected for award, the technical abstract and discussion of anticipated benefits will be publicly released on the Internet; therefore, do not include proprietary or classified information in these sections”.  Note also that the DoD web site contains timely information on firm, award, and abstract data for all DoD SBIR Phase I and II awards archived for several years.  This information can be viewed on the DoD SBIR/STTR website at http://www.acq.osd.mil/sadbu/sbir/.

CBD Program Proposal Guidelines

The CBD Program has enhanced its Phase I-Phase II transition process by implementing the use of a Phase I Option that may be exercised to fund interim Phase II activities while a Phase II contract is being negotiated.  The maximum dollar amount for a Phase I feasibility study is $70,000.  The Phase I Option, which must be proposed as part of the Phase I proposal, covers activities over a period of up to three months and at a cost not to exceed $30,000.  All proposed Phase I Options must be fully costed and should describe appropriate initial Phase II activities, which would lead, in the event of a Phase II award, to the successful demonstration of a product or technology.  The CBD program will not accept Phase I proposals which exceed $70,000 for the Phase I effort and $30,000 for the Phase I Option effort. Only those Phase I efforts selected for Phase II awards through the CBD SBIR Program’s competitive process will be eligible to exercise the Phase I Option. To maintain the total cost for SBIR Phase I and Phase II activities at a limit of $850,000, the total funding amount available for Phase II activities under a resulting Phase II contract will be $750,000.

Companies submitting a Phase I proposal under this Solicitation must complete the Cost Proposal using the on-line form within a total cost of $70,000 over a period of up to 6 months (plus up to $30,000 for the Phase I Option over a period of up to three (3) months).  Phase I and Phase I Option costs must be shown separately.  In addition, all offerors will prepare a Company Commercialization Report, for each proposal submitted, which does not count toward the 25-page limitation.  

Selection of Phase I proposals will be based upon scientific and technical merit, according to the evaluation procedures and criteria discussed in this solicitation document.  Due to limited funding, the CBD SBIR Program reserves the right to limit awards under any topic, and only those proposals of superior scientific and technical quality will be funded. 

Proposals not conforming to the terms of this solicitation, and unsolicited proposals, will not be considered.  Awards are subject to the availability of funding and successful completion of contract negotiations.

CBD Program Phase II Proposal Guidelines

Phase II is the demonstration of the technology that was found feasible in Phase I.  Only those Phase I awardees which achieved success in Phase I, as determined by the Army project technical monitor measuring the results achieved against the criteria contained in section 4.3, will be invited to submit a Phase II proposal.  During or at the end of the Phase I effort awardees will be invited to submit proposals for evaluation for a Phase II award.  The invitation will be issued in writing by the organization responsible for the Phase I effort.  Invited proposers are required to develop and submit a commercialization plan describing feasible approaches for marketing the developed technology.  Fast Track participants may submit a proposal without being invited, but the application must be received not later than 120 days after the Phase I contract is signed or by the Phase II submission date indicated later, whichever date is earliest.  The Fast Track technical proposal is due by the Phase II proposal submission date indicated later.  Cost-sharing arrangements in support of Phase II projects and any future commercialization efforts are strongly encouraged, as are matching funds from independent third-party investors, per the SBIR Fast Track program (see section 4.5 at the front of this solicitation)..  The Fast Track application form must be completed electronically by firms through the DoD SBIR/STTR Submission Site (http://www.dodsbir.net/submission).  Commercialization plans, cost-sharing provisions, and matching funds from investors will be considered in the evaluation and selection process, and Fast Track proposals will be evaluated under the Fast Track standard discussed in section 4.3 at the front of this solicitation.  Proposers are required to submit a budget for the entire 24 month Phase II period.  During contract negotiation, the contracting officer may require a cost proposal for a base year and an option year, thus, proposers are advised to be mindful of this possibility.  These costs must be submitted using the Cost Proposal format (accessible electronically on the DoD submission site), and may be presented side-by-side on a single Cost Proposal Sheet.  The total proposed amount should be indicated on the Proposal Cover Sheet as the Proposed Cost.  At the Contracting Officer’s discretion, Phase II projects may be evaluated after the base year prior to extending funding for the option year.
The CBD Program is committed to minimizing the funding gap between Phase I and Phase II activities.  All CBD Phase II proposals will receive expedited reviews and be eligible for interim funding (refer to top for information on the Phase I Option).  Accordingly, all Phase II proposals, including Fast Track submissions, will be evaluated within a single two-tiered evaluation process and schedule.  Phase II proposals will thus typically be submitted within 5 months from the scheduled DoD Phase I award date (the scheduled DoD award date for Phase I, subject to the Congressional Budget process, is 4 months from close of the DoD Solicitation).  The CBD Program typically funds a cost plus fixed fee Phase II award, but may award a firm fixed price contract at the discretion of the Contracting Officer.

Key Dates

05.1 Solicitation Open/Close
15 December 2004 – 14 January 2005

Phase I Evaluations

January - March 2005

Phase I Selections

March 2005

Phase I Awards


May 2005*

Phase II Invitations

September 2005

Phase II Proposals due

October 2005

Fast Track Applications due
September 2005

Fast Track Proposals due 

October 2005

*Subject to the Congressional Budget process.




CBD SBIR PROPOSAL CHECKLIST

This is a Checklist of Requirements for your proposal.  Please review the checklist carefully to ensure that your proposal meets the CBD SBIR requirements.  Failure to meet these requirements will result in your proposal not being evaluated or considered for award.  

_____ 1.  The Proposal Cover Sheets along with the full Technical Proposal, Cost Proposal and Company Commercialization Report were submitted via the Internet using the DoD’s SBIR/STTR Proposal Submission website at http://www.dodsbir.net/submission.

_____ 2.  The proposal cost adheres to the CBD Program criteria specified.

_____ 3.  The proposal is limited to only ONE solicitation topic.  All required documentation within the proposal references the same topic number.  

_____ 4.  The Project Abstract and other content provided on the Proposal Cover Sheet contains no proprietary or classified information and is limited to the space provided.

_____ 5.  The Technical Content of the proposal, including the Option (if applicable), includes the items identified in Section 3.4 of the solicitation.

_____ 6.  The technical proposal, Proposal Cover Sheets and Cost Proposal together is 25 pages or less in length.     Pages in excess of this length will not be considered for review or award.

_____ 7.  The Company Commercialization Report is submitted online in accordance with Section 3.5.d.  This report is required even if the company has not received any SBIR funding.  (This report does not count towards the 25-page limit). 

_____ 8.  The proposal contains no type smaller than 11-point font size (except as legend on reduced drawings, but not tables).  
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CBD 05.1 Topic Descriptions
CBD05-101

TITLE: Electro-Optic Post Chemical/ Biological Decontamination Verification 



System
TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: Investigate innovative Electro-Optic (EO) techniques that can be used to verify/certify decontamination of items. 

DESCRIPTION: In recent years there has been much attention paid to chemical/biological detection and decontamination. As a result, significant dollars have been directed to develop technologies for solving these problems. However, very little has been accomplished in the area of post decontamination verification. Post Decontamination Verification is the process used to insure that contaminant levels are within suitable levels after the decontamination process. As a measure of design success, a system shall be able to detect Sarin (or suitable stimulant) in concentration of .5mg/m² and/or Anthrax (or suitable stimulant) in concentrations of 10³ spores/m². An EO technique used for post decontamination verification must be able to detect and locate very low concentrations of hazardous materials and provide this capability in near real-time. It shall also perform this function without damaging the surface being interrogated (such as MOPP suits, aircraft, tanks, jeeps, or locations at which decontamination takes place. Finally, the equipment used for post decontamination verification shall be portable so that it may be used by personnel in the field.

PHASE I: During the initial phase, the feasibility of various candidate concepts shall be evaluated for their ability to detect the concentration level identified above. Sensor technology and signal processing techniques needed to support the concepts will be evaluated. Shortcomings in sensor technology and processing techniques, needed to implement the concept(s), shall also be identified for correction in Phase II. The candidate concepts will be evaluated for consistency with decontamination CONOPS. Any hazards to ground or operation personnel will also be identified. 

PHASE II: During this phase, final design for the candidate sensor system will be completed. Critical hardware and processing techniques identified during Phase I will be developed or improved. A prototype system, that would be usable in a field demonstration, will be built and tested. 

PHASE III DUAL USE APPLICATIONS:  Numerous commercial applications in support of Homeland security exists.

REFERENCES:

1. William G. Davis, Willard J. Rome," Nuclear, Biological and Chemical Hardness/ Decontamination of the Production Verification Test if the Bridge Thermal Weapon Sight, AN/PAS-13, OCT 1, 1999

2. David B. Cohn, Louis F. Klaras, John R. Becker, Hans C. Marciniak, " Frequency Agile Laser and Chemical Sensor", Aug 2001

3. Riggs, Patti, Davis, Christine," Chemical Weapons Convention Verification Technology Research and Development 93 Jun- 94 Sep

4.  Edgewood Research Development and Engineering Center Aberdeen Proving Ground MD, "(U) Overview of Army Chemical and Biological Laser Standoff Detection Efforts" Jan 1997

KEYWORDS: Decontamination verification, Electro- Optical, Post Chemical/Biological Certification

CBD05-102

TITLE: Low-Pressure-Drop Substitute for HEPA Filters
TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: Develop an air treatment system able to remove ultrafine particles from ventilation air with less pressure loss (DP) than HEPA filters create. 

DESCRIPTION: In typical collective protection (ColPro) and Homeland Security (HLS) applications, removal of microorganisms, toxic and radioactive fines, and partially-to-completely involatile liquid aerosols from breathing air is accomplished by filtration through a series of filters that includes as the limiting screen a high-efficiency particulate air (HEPA) filter. Some sources suggest that Ultra Low Penetrating Air (ULPA) filters should be the minimum standard for ColPro/HLS uses. Although effective, these filters are bulky and expensive, consume quite a bit of blower power and stress on ducting, and require disposal as a Hazardous Waste and/or possibly as an infectious waste. Additionally, reducing logistics (size, weight, and power) of Col Pro systems is a high user priority. This solicitation seeks a novel technology that can be incorporated into an air-purification system to provide comprehensive respiratory protection in ColPro (and HLS) shelters. Filtration efficiency should be higher, pressure loss should be at least a 30% improvement over HEPA, and residence time should be typical of existing filters. 

No constraint is placed on the technology to be proposed, other than the usual conventions of safety, practicality, and affordability. Preference will be shown to approaches that incorporate no hazardous materials and that create no new logistical requirements. 

PHASE I: During Phase I, contractor must accomplish an experimental demonstration that the proposed technology can remove 99% of 1-mm (nominal) particles of one solid, one involatile liquid, and one bacterial spore from flowing air at a residence time of 0.25 second or less and DP < 0.9 that of a HEPA filter in the same configuration. Filtration efficiency should be higher, pressure loss should be at least a 30% improvement over HEPA, and residence time should be typical of existing filters. 

PHASE II: During Phase II, contractor must assemble an engineering prototype model incorporating the candidate technology and use it to demonstrate 1) removal of 99.97% or more of 0.3-mm solid and liquid particles in a 0.25-second residence time at DP < 0.9 that of a HEPA filter in the same configuration; 2) continued performance to this standard after loading with particles 1 mm and smaller equal to 5% of the mass of the active component[s] of the treatment device; and

3) some measure of assurance that human toxicity will not result from use of this material as designed.

PHASE III/DUAL-USE: During Phase III, contractor is expected to proceed with commercialization of the material or, better, development of practical embodiments of the material as CBWA-protective products commercially accessible to DoD. Concurrent pursuit of civilian-market products for homeland defense and protection/security in chemical industry is consistent with the aims of this procurement.

PRIVATE SECTOR COMMERCIAL POTENTIAL:  The obvious commercial opportunity is in homeland defense [which may also sprout a market in applications to protect private residences and businesses] and in analogous military applications. With slight modification, the same technology may be adaptable to other categories of air ultrapurification, as in clean rooms, isolation wards, and biological and chemical surety facilities, and in cleaning and dustless grinding or polishing equipment. 

REFERENCES: 

http://ateam.lbl.gov/Design-Guide/DGHtm/ulpaandsulpafilters.htm provides a compact introduction to existing methods for control of ultrafine particles and a link to detailed information.

http://www.cdc.gov/niosh/docs/2003-136/2003-136c.html includes guidance for applying protective filtration devices and a brief introduction into filtration and air cleaning principles.

KEYWORDS: HEPA, ULPA, air filtration, collective protection, individual protection, pressure drop

CBD05-103

TITLE: Decontamination Assurance Spray
TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE:   Develop and demonstrate use of a decontamination assurance spray for chemical warfare agents and Toxic Industrial Chemicals (TIC). The spray must be able to determine agent presence resulting in an easy to interpret optical response. The assurance spray must not harm rubber, Mission Oriented Protective Posture (MOPP) gear, plastic, computer products, cockpit, or other sensitive equipment.  

DESCRIPTION:  Decontamination technologies that are developed for the chemical and biological defense commonly involve foams, liquids, or other materials that deactivate chemicals, kill spores and destroy viruses. Of critical importance and interest is once a decontamination methodology is employed, how does one determine the presence of remaining agent? A decontamination verification tool could be used to ensure the area of interest is clean which will enable the decision to resume normal operations. The material must be easily applied to all surfaces (including MOPP gear, office spaces, computers, floors, walls, vehicles, and aircraft) without causing damage to equipment or personnel. The material must provide an optical signal that can be easily read by an operator with minimal training.  

The assurance spray will be applied minutes after the decontamination method’s kill period has ended. The material must be able to detect the presence of chemical warfare agents to include toxic industrial chemicals. The spray must have a fast and accurate response with low false alarm rate.  

The employed technique should have little to no logistical / power requirements to detect those levels of contamination that represent a contact health risk, and be resistant to forms of chemical interference that are problematic for many conventional sensors. The method must indicate the exact location of contamination on the surface in question within minutes of use.

Materials compatibility of the technology is critical and the spray should have no lasting effects such as staining or eroding the sprayed surface.  

PHASE I:  The primary deliverable in Phase I is a conceptual assurance material design based on theoretical and experiment results. A prototype material will be developed to demonstrate use of assurance material to determine the presence of any remaining chemical agent. The design must include projected performance, including sensitivity, cross-reactivity, logistical requirements, material lifetime, and system cost. This design will be provided to a government panel for critical design review to determine continuation into Phase II.

PHASE II:  The primary deliverable in Phase II will be a breadboard decontamination assurance system that will be able to detect chemical warfare agents and TICs while providing a readable optical response. Demonstration of compatibility with existing decontaminants and live agents is highly desirable in this phase. Application-specific requirements, to include compatibility with operational decontamination systems, will be identified.   

PHASE III DUAL USE APPLICATIONS:  A simple to use, inexpensive tool for chem-bio detection at surfaces has great potential utility to the domestic preparedness community. An efficient design would enable the unit to be employed by any emergency first responder including fire, Haz-Mat, and police units in identifying contamination on materials and personnel on site after decon-line processing. 

REFERENCES: 

1.  http://www.acq.osd.mil/cp/files/2004cbrndpreport.pdf

2. “Catalytic buffers enable positive-response inhibition-based sensing of

nerve agents,” Alan J. Russell, Markus Erbeldinger, Joseph J. DeFrank, Joel Kaar,

Geraldine Drevon Biotechnology and Bioengineering Volume: 77, Issue: 3, Date: 5 February

2002, Pages: 352-357

3. Longworth, T.L., Cajigas, J.C., Barnhouse, J.L., Ong, K.Y. and Procell,

S.A. 1999. Testing of Commercially Available Detectors Against Chemical

Warfare Agents: Summary Report. Soldier and Biological Chemical Command,

AMSSB-REN, Aberdeen Proving Ground, MD.    

KEYWORDS: Decontamination, Chemical, Warfare agents, Sensing

CBD05-104

TITLE: New Materials for Smart Fabric Sensing Elements for CW Agents 
TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

OBJECTIVE:  Develop new materials and strategies for incorporating CW agent sensors into smart cloth fabrics.

DESCRIPTION:   Military personnel require high-level protection when dealing with chemical and biological threats. Current protective clothing is based on adsorptive protective over garments. New protective garment systems are envisioned that contain novel features such as the ability to detect hazardous agents on the surface of the fabric (and thus can warn the soldier when he/she is being exposed to a chemical threat). Sensors based on conducting polymers could be incorporated into smart textiles to provide direct, rapid, and localized warnings of chemical threats. However, new conducting polymer materials are sought that have increased sensitivity and selective response to chemical warfare agents for these smart textile sensors. The conducting polymer materials must also be developed with a strategy for incorporating into a smart textile-based sensor detection system.

The technologies developed from this could increase protection of warfighter and enable new operational capabilities in a suspect contaminated environment. The technology ultimately could be functionally used as an end-of-service-life indicator system for the protective garment. Alternative sensing capabilities could be used to confirm the protective posture or check for leaks. Ultimately, sensors integrated into the uniform could provide vital information about the environment around the soldier and the condition of the soldier.  

PHASE I:  Develop and demonstrate novel conducting polymer materials for smart fabric CW agent sensors. Demonstrate an increased sensitivity response for CW agents (agent stimulants are acceptable for Phase I) and propose a strategy for incorporating the sensor into smart cloth fabrics. Ideally, the research would focus on materials in the current ensemble.  

PHASE II:  Produce prototype sensors integrated into textiles and demonstrate sensor response to live CW agents.  

PHASE III:  Commercialize the CW agent fabric sensors and transition it into the appropriate acquisition program. These sensors could have potential markets in first responders and hospitals.  

PRIVATE SECTOR COMMERCIAL POTENTIAL:  DoD will purchase a minimum of 4 million additional CB protective garments from FY 04 through FY 12. Additionally, private sector applications will be sales to the domestic preparedness market including Dept. of Homeland Security, local police, EMS, etc. 

REFERENCES:

1. J. Feng and A.G. MacDiarmid, Synth. Met. 102 (1999) p. 1304.

2. I.D.Norris, M.M. Shaker, F.K.Ko and A.G. MacDairamid, Synth. Met. 114 (2) (2000) p. 109.

3. J. Haccoun, B. Piro, L.D. Tran, L.A. Dang, and M.C. Pham, Biosensors & Bioelectronics 19 (2004) p. 1325.

KEYWORDS: embedded sensors, clothing, sensors, detection, chemical agents, 

CBD05-105

TITLE: Fluctuation-Enhanced Chemical & Biological Sensor Systems
TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

OBJECTIVE: The design and development of a portable chemical-based sensing system that will possess a significantly enhanced ability to detect and selectively analyze chemical (and potentially biological) agents, at sub-ppm concentrations and below, through the utilization of a recently discovered stochastic fingerprinting methodology. 

DESCRIPTION: The envisioned technological demonstration should be built upon recent scientific breakthroughs in the understanding of stochastic processes present in the detection signals of traditional chemical sensors. Here, the fluctuation activity has been shown [1] to contain valuable sensor information that can be obtained not only by spectral analysis but also by methods of higher-order statistics. Indeed, the interaction between a chemical sensor and the molecules it detects is always a dynamic stochastic process. Fluctuations that result from these processes carry a “stochastic fingerprint” of the chemicals (and potentially also from interacting biological molecules) that arise from the time-dependent interactions with the sensor. Microscopic fluctuations around the mean value of the sensor signal contain significantly more information than the mean value alone, yet the vast majority of existing chemical sensors measure averages and ignore the stochastic nature of the sensing process and therefore show low performance. This conventional approach is limited because it intrinsically masks the micro-fluctuations present in the sensor, effectively treating the tremendous amount of potential chemical information as noise and disregarding it.  Specifically, a single quantitative value is used as a sensor output instead of a whole pattern which can be derived from the stochastic signal components. Conventional sensor systems must also be tuned to detect specific agents in order to optimize performance against those agents.  This tuning, on the other hand, radically reduces the effectiveness of the sensor system against other potentially threatening agents. Also, to achieve a measurable signal over the error limit, a huge number of molecules have to be absorbed by the sensor, thus the sensitivity is often inadequate in low-concentration (i.e., parts per trillion) detection cases.

Therefore, a new program is proposed to investigate the potential of a new technological approach based upon Fluctuation-Enhanced Sensing (FES) that utilizes the micro-fluctuations already present in the sensor and that are influenced by very low concentrations of chemical (and also potentially by biological) agents. This approach has analogies elements to that used by animal noses which are believed to produce stochastic-fluctuation-type signals that are analyzed by the animal’s brain. A significant body of theoretical and experimental research has emerged in recent years that suggest commercial-off-the-shelf (COTS) chemical sensors can be significantly enhanced using the FES technique [2-9].  For example, research has shown that the sensitivity of COTS chemical sensors operated in fluctuation-enhanced modes is increased by 1000 times and that the selectivity is increased even more significantly [4-6]. Hence, this new technique suggests the opportunity for detection down to parts per trillion levels. These improvements are due to the fact that stochastic information (derived from individual sensors) were utilized to estimate concentrations and to achieve identification of chemical species, and it is expected that small arrays of sensors have the potential to further improve performance and reliability. Very recent research has also demonstrated that two-dimensional stochastic patterns, generated by methods of higher-order statistics (HOS), offer even more elaborate and useful information for chemical sensing [1].  In this work, the nonlinear stochastic properties of commercial Taguchi-type (i.e. surface-active gas-sensing films) sensors were studied and HOS tools were used to analyze the resistance fluctuations that resulted from exposure to various gas mixtures. Here, an analysis of the Gaussian and non-Gaussian components of the induced noise led to bispectrum images that possessed “chemical fingerprint” features that were unique to each gas type. Since it was also possible to produce bispectrum images of high accuracy and reproducibility at low sampling frequencies, these new results suggest profoundly important opportunities for FES-based chemical (and possibly biological) detection. Therefore, a research and development program is proposed to investigate the potential advantages of fluctuation-enhanced sensor platforms and to demonstrate their utility towards the detection and the selective analysis of chemical (and potentially biological) agents.

PHASE I: The first phase of the program should focus on feasibility studies of utilizing Fluctuation-Enhanced Sensing (FES) techniques for the detection and analysis of chemical agents at very low concentrations (i.e., at parts per trillion levels), and scenarios for potential extensions of the technique for biological agent sensing. This effort should also establish quantitative predictions and initial experiments studies to determine the advantages of this technique for the characterization and discrimination of chemical and biological agents. This work should be performed in the context of enhancements to COTS sensors and should include efforts to establish a preliminary bispectrum-image database and software for assessing overall signature interpretation capability.

PHASE II: The second phase of the program should be used to design and demonstrate an FES-based platform that is constructed using COTS sensor technology. This sensor prototype should be compact and should exhibit enhanced performance in the terms of chemical (and possibly biological) agent detection and selective analysis capability. It is expected that the new sensing paradigm will consist of a small array of COTS sensors, utilize bispectrum imagery and incorporate imaging processing software to optimize signature interpretation capability. The prototype should also be developed so that it is amenable to battlefield deployment and such that operation is as autonomous as possible – i.e., with minimal operator calibration and tuning. The operation capability of the sensor system should be tested against a set of chemical (and possibly biological) agents that have relevance to military defense applications and a strong emphasis should be placed on detection performance at very low concentrations (i.e., parts per trillion).

PHASE III DUAL USE COMMERCIALIZATION: The fluctuation-enhanced sensing technology developed under this topic has important relevance to reducing the threat of chemical and biological warfare agents. Therefore, the primary commercialization opportunity is for detection/identification sensor systems which have important relevance to both the military and private sector to reduce the threat of adversaries and terrorist groups. However, this technology will also target capabilities for selective analysis of agents and therefore has duel use potential in areas related to biological, chemical and environmental science and to food-safety and medical applications.

REFERENCES:

[1] J. M. Smulko and L. B. Kish, “Higher-Order Statistics for Fluctuation-Enhanced Gas-Sensing,” accepted by Sensors and Materials Journal (2004).

[2] J.L. Solis, L.B. Kish, R. Vajtai, C.G. Granqvist, J. Olsson, J. Schnurer and V. Lantto, “Identifying natural and artificial odors through noise analysis with a sampling-and-hold electronic nose,” Sensors and Actuators B 77, 322 (2001).

[3] G. Schmera and L.B. Kish, “Fluctuation-Enhanced Gas Sensing by Surface Acoustic Wave Devices,” Sensors and Actuators B 91, pp 159-163 (2003)

[4] G. Schmera and L. B. Kish, “Fluctuation-enhanced chemical sensing,” SPIE Proceedings, 5115 (2003).

[5] J. Smulko, L.B. Kish, and G. Schmera, “Application of nonlinearity measures to chemical sensor signals,” SPIE Proceedings,  5115 (2003).

[6] L.B. Kiss, C.G. Granqvist, J. Söderlund, "Detection of chemicals based on resistance fluctuation-spectroscopy", Swedish patent, Ser. No.: 9803019-0; Publ. No.: 513148 

[7] J.L. Solis, G.E. Seeton, Y. Li and L.B. Kish, "Fluctuation-Enhanced Multiple-Gas Sensing", accepted by IEEE Sensor Journal (2004).

[8] US Navy Patent pending (NC 84126): G. Schmera and L.B. Kish, “Fluctuation Enhanced Gas Sensing by Surface Acoustic Wave Devices.”
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CBD05-106

TITLE: In Silico Screening for Biothreat Countermeasures
TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

OBJECTIVE:  The objective of this SBIR is to develop the research base for a rapid, specific, innovative, and highly effective computer-based screening procedure for the selection of small molecular weight compounds to prevent infection by biothreat agents. 

DESCRIPTION:  The pathogenic effects of biothreat agents, such as toxins, viruses, and bacteria, require initial cooperative interactions between the agent and the host’s tissues that are attacked. For example, normal receptors on the surface of cells are commandeered by the biothreat to gain entry to the cell, and thus begin the devastation of the host. This process involves a complementary protein:protein interaction that is unique and specific for both the cell and the biothreat agent. A potent defense against such interactions would result from the addition of an inhibitor that is innocuous to the host receptor, but interacts tightly with the complementary binding site of the pathogen’s invasive protein. This would neutralize the pathogen’s ability to associate with - and penetrate - the target’s cells. A search for such specific inhibitors is extremely arduous, expensive, and time consuming, using the usual screening procedures. This, of course, assumes that a suitable assay is available to use in such a test. Thus, a major breakthrough in the development of suitable countermeasures would be a procedure that facilitates and expedites such a search. A highly reliable and rapid in silico screening regimen would accomplish that objective. With the identification of a vulnerable, infective site on the biothreat agent, technologies in selecting inactivating drugs involve combinatorial chemistry for the purpose of obtaining a large diversity of compound, followed by high-throughput screening. The availability of a very large library of compounds increases the chances of finding a suitable drug. However, only a small number of those compounds has potential effectiveness in interceding the vulnerable site. A computer-assisted mechanism, wherein individual members of a complex library would be computationally fitted to the binding site of the protein of the biothreat agent, would substantially shorten the screening for potential inhibitors. The purpose of this SBIR is to conduct research into the design, testing, and/or adaptation of computer-based screening procedures. This would facilitate searching libraries of small molecular weight compounds and the selection of entities for in vitro analysis. The goal is to develop in silico regimens for assigning binding energies as a basis for predicting the efficacy of potential inhibitors of protein interactions. The research to be conducted under this SBIR would have military and civilian applications. All infectious or toxigenic agents must usurp normal cellular functions to instigate pathology. Interference with the process would provide the least disruptive and earliest possible preventive measure after the agent enters the host. The computer-based selection of potential inhibitors of the invasion would have enormous potential in the process of developing stockpiles of countermeasures. There are numerous applications in protection of personnel, countering viral, bacterial, and fungal agricultural pathogens, epidemiology, food and water contamination, and veterinary diseases.

PHASE I:  With the collaboration of computer scientists, protein chemists, organic chemists, enzymologists, and molecular biologists, research would be conducted to develop a system for computer-assisted screening of libraries of small molecular weight compounds for interaction with the binding sites of known proteins. Model enzymes with known molecular structures could be used to test the efficacy of the developed programs in the selection and calculation of binding energies of potential inhibitors. These would be verified either with published data or specific in vitro testing. 

PHASE II:   Research would be conducted to develop, test, optimize, and thoroughly document the approach. Application to innovative computer platforms would be researched to enhance speed and versatility. A user-friendly graphical interface with interactive tools and molecular modeling utilities would be developed. Special consideration would be given to how the results of the research would be utilized in developing technology for cost-effective implementation. Demonstration of the effectiveness of the developed system would involve the selection of specific inhibitors for a biothreat agent or its surrogate. A low cost system (less than $20,000) will be offered, by the end of phase II, to investigators across the country to develop countermeasures to a wide variety of biowarfare and infectious disease agents.  

PHASE III:  DUAL USE APPLICATIONS:  It is anticipated that the system would be finished and available to Army, DoD, and academic labs by the end of phase II. Because of the low cost of the finished system, it is anticipated that such a system will be widely used, and contribute substantially to protecting civilian and DoD populations from biowarfare and natural biological threats.  
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CBD05-107

TITLE: Integrated Spectroscopic Sensor Platforms enabled by Optical 




Nanolithography
TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

OBJECTIVE: The design and demonstration of optical-based nanolithographic fabrication techniques that can be used for the effective and economic production of integrated terahertz-frequency spectroscopic sensor platforms that are capable of controlling and manipulating micro-sized samples of biological materials and agents.

DESCRIPTION: The envisioned technological demonstration should be built upon recent advances in optical nanolithography and should address technical bottlenecks to high resolution and high throughput in the fabrication of integrated sensor platforms. Furthermore, these sensor platforms should leverage recent scientific breakthroughs in understanding how nanostructures and nanoscale systems can be used to control and manipulate micro-sized samples of biological materials and agents, with the goal of improving biological agent discrimination via terahertz (THz)-frequency and long-wavelength spectroscopic analysis. Specifically, recent breakthrough demonstrations [1,2] in such methodologies as Interferometric Lithography (IL), Imaging Interferometric Lithography (IIL) and Liquid Immersion Lithography (LIL) have shown that the generation of arbitrary patterns is feasible down to the 45-nm half-pitch node and that such techniques offer a path to the end of the international technology roadmap (e.g., 22-nm critical dimensions) if available resolution enhancement techniques are effectively implemented [3]. Furthermore, these new technological capabilities have already been applied successfully as an enabler to a number of fundamental scientific investigations [4-6] and they have facilitated the initial demonstrations of molecular-level sensing platforms that include nanoscale fluidic circuits [7] and directed self-assembly nanoarrays [8]. These latter two demonstrations are of particular relevance to advanced sensor applications as it has been shown that the THz-frequency and long-wavelength spectroscopic characteristics of biological materials and agents can be highly dependent on macroscopic testing conditions [9,10].  Specifically, the geometric orientation, molecular conformational state and the relative proximity of biological molecules has been shown to influence the optical interaction strength and fidelity of the THz-frequency spectral signatures that can be effectively utilized in sensing scenarios. Therefore, a research and development program is proposed that will focus on advancing optical nanolithographic techniques for the purpose of fielding a new class of integrated sensor platforms. These sensor platforms will be used for controlling and manipulating micro-samples of biological materials and agents with the goal of enhancing spectroscopic characterization capabilities. Here, the nanolithography development work will seek to reduce bottlenecks related to image resolution and fabrication throughput rates and is therefore expected to search for overall optimizations of such elements as illumination parameters, object masks, pupil-plane phase masks, lens designs and photoresist materials. The expected end result is a robust and cost-effective fabrication capability that can be used for fielding enhanced integrated THz-frequency spectroscopic platforms for the detection and characterization of biological materials and agents.

PHASE I: The first phase of the program should focus on feasibility studies of available optical nanolithography techniques in the context of a joint optimization of the fabrication system elements such as; illumination variables for sub-wavelength features, object masks, pupil-plane phase masks, lens designs and photoresist materials. This effort should also establish a firm base of insight into the requirements necessary for fabricating an integrated bio-sensor platform that will possess the characteristics needed for controlling and manipulating micro-samples in fashions that will enhance THz-frequency spectroscopic signature measurements.

PHASE II: The second phase of the program should be used to formalize an integrated THz-frequency spectroscopic sensor design and to apply the optical-based nanolithography techniques to the fabrication of a prototype system. Here, it is expected that initial patterning experiments will be performed to document improvements to image resolution and fabrication throughput rates. This effort should also include a practical laboratory demonstration of a bio-sensor platform prototype that can be tested for its effectiveness in the processing of biological materials and/or agents. Here, the operational capability of this bio-sensor should be considered in the context of THz-spectroscopic signature measurements and the potential of the system for biological detection and characterization should be quantified. 

PHASE III DUAL USE COMMERCIALIZATION: The optical nanolithography technology developed under this topic will allow for the more efficient and cost-effective production of integrated nanoscale structures and system, and has the potential to impact a broad range of scientific and commercial applications. Specifically, the new capabilities can be applied to both the biological and chemical sensing, and therefore has important ramifications in the medical arena for the general microscopic interrogation of molecules. The advances to nanolithography that are targeted under this topic also will also have dual use potential in a long list of material science and electronics areas. Technology areas where these capabilities have already made impacts include: nanopatterned controlled growth of GaN on Si substrates, nanoscale heteroepitaxy of InGaAs on GaAs, development of metamaterials with engineered optical properties, directed self-assembly of molecular-level structures and devices, fabrication of photonic crystal waveguides, and there is almost an unlimited list of potential dual-use opportunities in the area of nanoelectronics for the technology proposed under this topic.
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CBD05-108

TITLE: Portable System for Immediate Decon of Interior Spaces
TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: Develop a system that could rapidly decontaminate an interior space contaminated with chemical or biological agents. 

DESCRIPTION: The goal is a compact, lightweight, and readily transported system that could rapidly effect decontamination. The system will allow U.S. forces to operate in the treated space with the minimal level of protective equipment; however, the goal of this project is a rapidly deployed solution that will allow continued operations, rather than thorough decon that would allow civilian workers to occupy the space for an extended period without any precautions.

Current systems for interior decon require extensive equipment to measure and control levels of decontaminants. They also typically require transportation of hazardous materials, which puts an additional burden on logistics. Surface decontamination requires individuals to operate in the contaminated environment for some period of time. The focus of this solicitation is to develop a system or device that will neutralize a wide range of threats with minimal size and complexity.

The system should have minimal weight and volume, be readily transportable, including by commercial carriers and airfreight, and should not contain any hazardous materials. It should have a long shelf life (minimum two years, five years desirable). It should be effective against both chemical and biological agents. It should operate without an external power source and with minimal operator supervision. It should produce minimal or no hazardous by-products and allow rapid occupation of the space once decontamination is complete. It is assumed that the normal complement of chem/bio detection instruments is available, and indicators of the presence or level of contaminants need not be part of the system. The system must have low cost so it can be made available to the widest possible range of military forces and first responders. The product should be stable up to 71 degrees Celsius and ideally would not freeze until at least -15 Celsius. 

Applications similar to the M-11 sprayer or the M-100 decon systems should be considered with respect to the product developed here. Versatile application technologies which can be used in a variety of application scenarios are highly desired, for example as a powder, solution, aerosol, or gas. 

PHASE I: Define the system and carry out experiments to demonstrate that the system generates an effective level of decontaminant(s). Demonstrate that the decontaminant(s) is/are effective against a range of chemical and biological agents using appropriate surrogates. Estimate system weight, volume, cost, and other operating parameters.

PHASE II: Complete development by producing and testing full-scale units. Carry out prototype tests with simulants of CW and/or BW agents as appropriate. Begin analysis to determine if the system meets all regulatory requirements for use in the U.S. and by U.S. forces on operations outside the U.S.

PHASE III DUAL USE APPLICATIONS: This technology would be used both by military forces and first responders to allow continued operations in spaces contaminated by chemical or biological agents.  In phase III, the effort would carry out tests with live CW and/or BW agents and demonstrate that the system meets all regulatory requirements for use in the U.S. and by U.S. forces on operations outside the U.S.
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CBD05-110

TITLE: Critical Data Processing for Chemical Warfare Simulant Field Testing – 


Advanced Data Fusion
TECHNOLOGY AREAS: Chemical/Bio Defense, Information Systems

OBJECTIVE:  Design and develop software that can fuse data from multiple (fully processed) referee systems measuring the same event, and provide a single optimal representation.  In this case, referee systems are measuring field releases of chemical warfare simulants, and include point detectors, infrared (IR) cameras, interferometers collecting data along a line-of-sight, and a specially scanning IR interferometer system.

DESCRIPTION:  To properly measure (and understand) the performance of a standoff detector, properties of the challenge cloud must be known.  Meteorological models, such as HPAC and VLSTRACK, have proven to be reasonably good tools for predicting cloud properties.  However, a problem with these tools is that they deliver ensemble averages and may not describe a specific cloud to the detail required.  The Dugway approach is to use several suites of analytical instruments (point detectors, infrared imagers, spatially scanning FTIRs, and line-of-sight FTIR) to best measure cloud parameters and test conditions.  A problem arises because each referee system measures differing parameters at various sensitivities, which makes determining the “best” cloud parameters complicated.  Data obtained can include CL (concentration path length), average concentration, cloud width, length, height, and cloud centroid.  

What is needed is to use the measured data as feedback to a cloud model, so that a truly representative description of individual clouds can be developed and allow more accurate correlation of detector measurements to the current and future properties of the cloud.  This would not only allow a better assessment of detector performance, but would also allow correlation of the detectors performance to real world operational needs (example, correlating Dugway Proving Ground [DPG] performance for a Battery attack at 5 km to expected performance in Baghdad).  The contractor should produce a software package that will run a met model, predict referee responses, calculate a figure of merit, and rerun the met model with varying parameters to minimize this figure of merit.  The software should be configurable and useable by both the Army’s and DPG modeling and simulation program and be consistent with their protocols.  In addition, the software output should be formatted in a manner compatible with the Army’s Future Combat Systems protocol (TENA).  There are inherent advantages for using existing meteorological models due to their application across a wide group of users and virtual platforms - however; original pure approaches are also encouraged.

PHASE I:  Provide a feasibility of technical approach and proof of process using previously collected field data. 

PHASE II:  Produce a software package that will run a model, predict referee responses, calculate a figure of merit, and iteratively run the model with varying parameters to minimize this figure of merit.  

PHASE III: This software package will produce data that can be used to be used in future distributed tests, where real chemical and biological releases can be inserted.

KEYWORDS: Standoff detection, modeling, simulation, field, test, distributed test, Dugway, detection

CBD05-111

TITLE: Autonomous, Unattended, Reagentless Biological Agent Detector
TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

OBJECTIVE:   Develop an inexpensive, lightweight, reagentless sensor for the detection and discrimination of biological warfare agents that operates in an unattended, autonomous mode based on infrared spectroscopy.

DESCRIPTION:  Spectroscopic detection and identification of biological organisms has become a relatively mature area of study in recent years. For example it is now possible to determine to identity of a colony of bacteria or bacterial spores to the species level using subtle differences in the infrared spectrum of the colony. It is also possible to extract high-quality infrared spectra using microgram quantities of material. Automated sample concentration techniques have matured to the point the microgram quantities of bacterial spores can be extracted from the environment in an automated manner in a relatively short amount of time.

A reagentless detection system for biological agents is needed to protect the war-fighter from a BW agent attack. The system needs to be lightweight and compact enough to be man-portable. The system needs to run in an unattended, autonomous operation and be capable to being networked via standard internet protocol for remote applications. The system needs to be able to rapidly detect BW agent spores at low concentrations. 

PHASE I:  Design and build a laboratory breadboard reagentless BW agent detection system based on infrared spectral analysis. Examine methods for extracting the infrared spectrum for a very small sample. Examine methods for concentration of BW spores from the environment.

PHASE II: Design and build a prototype reagentless BW agent detection system based on sample concentration followed by infrared spectral analysis. Demonstrate the system using a BW simulant such as Bacillus Subtillis. Demonstrate detection of spores in less than 10 minutes at low concentration. 

PHASE III DUAL USE APPLICATIONS: First responders such as Civilian Support Teams and Fire Departments have a critical need for a small reagentless BW agent detection system. Such as system would be idea for protecting post office facilities.  
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CBD05-112

TITLE: Handheld Photoacoustic Chemical Agent and Toxic Industrial Material 



Detector
TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: This solicitation seeks novel compact, inexpensive instrumentation based on infrared interferometry combined with photoacoustic or photothermal detection for sensing airborne chemical agents at very low concentrations. Such instrumentation can potentially provide detection and presumptive identification of a very broad range of trace vapor hazards with a unique combination of high specificity and high sensitivity.

DESCRIPTION: Airborne chemical agents and hazardous vapors represent a persistent threat to overseas US military operations as well as to civilian populations. These chemicals are relatively inexpensive and available worldwide. There are a wide variety of toxic airborne chemical agents and industrial compounds, almost all of which have unique infrared spectral signatures. This solicitation seeks a novel instrument for detecting these agents at levels below the threshold of immediate danger to life and health in a compact and inexpensive package for use by dismounted military forces with very tight encumbrance constraints and by civil support teams responding to domestic incidents that may involve the release of hazardous chemicals in public areas.

Recent advances in electronics and lithium-ion battery technology have made a handheld IR/PA spectrometer feasible. Photoacoustic detection with FT-IR modulation has been commercially successful in suitcase-sized instruments. The photoacoustic approach affords a distinct advantage over conventional FT-IR sensing systems in that it employs an inexpensive microphone as a detector in lieu of cryogenic detectors, which are costly to own and operate. However, the cost of interferometer components and specialized data acquisition and processing hardware still sets a high price tag on such instruments, limiting the availability of such systems to dismounted troops. In addition, direct photoacoustic detection of airborne vapors is challenged in its ability to reliably detect hazards at low concentrations. Various vapor preconcentrators have been shown to provide concentration factors of roughly 500x for airborne chemical agents, making part per billion sensitivity feasible in a very compact instrument.

PHASE I: Demonstrate feasibility of the salient physical principles of the proposed approach in a laboratory environment. Conduct a theoretical effectiveness analysis of the proposed concept modeling the probability that the proposed concept could achieve its claimed benefits (or portions thereof) given the pertinent uncertainties of a realistic operational environment. Describe an engineering approach that achieves the desired system characteristics at very low unit costs ($1000-2000 per unit in production quantities of 10,000 units). The approach should consider at a minimum any innovations exploited to reduce the size, weight, power, and cost of the system components so that a handheld (<10 pounds required, <2 pounds desired) implementation including data acquisition hardware and batteries can be realized. Additional descriptions of any innovative signal processing hardware and/or software should also be described in the Phase I study as appropriate.

PHASE II: Design and construct an engineering prototype to be demonstrated at the end of this phase. The prototype will be sufficiently refined so that effectiveness of the embodied concept in detecting chemical agents can be evaluated. During this phase the theoretical concept effectiveness analysis from Phase I would be refined into a prototype effectiveness analysis using measured performance parameters of the prototype device.

PHASE III: Refine the prototype developed in Phase II so that it can be fabricated and evaluated in small numbers by operational forces. At this point the prototype should be sufficiently representative of the final product that all operational benefits, consequences, and tradeoffs associated with full deployment can be clearly quantified via field trials. Partner with a production firm or technology vendor to offer a similar product to nonmilitary customers including first responders and state and federal crisis response units. During this phase, limited numbers would be fielded with operational forces for evaluation and feedback. Prior to the completion of this phase, the prototype effectiveness analysis from phase II would be further refined into an operational effectiveness analysis by incorporating the pertinent observations and variables derived from field trials. These field trials would constitute the basis for additional modifications as well as any subsequent procurement decision.

PRIVATE SECTOR COMMERCIAL POTENTIAL: The proposed technology would be widely useful in commercial and homeland security applications for determining concentrations of airborne chemical hazards.

REFERENCES:

[1] www.gasmet.fi/onsite.php

[2] www.innova.dk/page.php?page=7092

[3] Michael T. Carter, Ross C. Thomas, Morris E. Berton, SPIE Proceedings Vol. 4742, 509 (2002).

[4] Ross. C. Thomas, Michael T. Carter and Craig L. Homrighausen, SPIE Proceedings Vol. 5269, 150 (2004).

[5] Hans Moosmüller and William P. Arnott, Opt. Lett. 21, 438-440 (1996).

[6] Klaus Wilcken and Jyrki Kauppinen, Appl. Spectrosc. 57 1087 (2003).

KEYWORDS: Infrared detection, photoacoustic, chemical agents, toxic materials

CBD05-113

TITLE: Decontamination of Biological Warfare (BW) Agents, Toxic Industrial 



Chemicals (TICs) and Toxic Industrial Materials (TIMs)
TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: Research potential decontaminants for elimination of BW agents, TICs and TIMs from materials. Conduct a characterization study of research initiatives from Defense Threat Reduction Agency (DTRA), Naval Surface Warfare Center (NSWC) Dahlgren, Edgewood Chemical Biological Center (ECBC), and academia for the purpose of defining and evaluating candidates for decontamination of agents. DTRA research of decontamination technologies includes electrochemical, high pressure (Supercritical Fluids), low-temperature thermal, reactive chemistry, sorbents, mechanical process, steam, and other technologies. NSWC is studying peracetic acid; and ECBC is conducting extensive research of oxidative methods. Select academia research includes metal cation mediated hydrolysis of Phosphonoformate Diesters, chemoselectivity and catalysis, polyoxometalate-based heterogeneous catalyst for decontamination of mustard and other engineered materials for selective affinity in the cleaving of phosphorous and sulfur bonds of chemical agents and other areas. Also, evaluate and assess the research results and develop prototype(s) and assay test methods for decontamination testing.

DESCRIPTION: Unclassified intelligence assessments indicate that approximately 20 countries have the capability to manufacture and employ BW agents and the US has experienced incidents involving Anthrax and Ricin. Neutralization of BW agents is required. In addition, a variety of TICs, e.g., Hydrogen cyanide, Phosgene, Sulfuric acid, Parathion and Malathion are readily available from industrial and agricultural distributors and could be used in an asymmetrical attack, and decontamination is needed. The decontaminant maybe applied in the preattack period as a prophylactic and remain effective for six hours or after an attack, within one minute of contamination contact and complete the decontamination process within two minutes of contact. The item will be suitable for use on hands, face, neck, limbs, and torso and on casualties with open wounds without detrimental effects or retarding the healing process. Will be easily carried and used by warfighters. One application of the decontaminant should weigh no more 16 grams and have a volume of less than 165 cubic centimeters (cm). Each application will decontaminate an area greater than 1300 cm2. The decontaminant will not present an uncontrollable residue or a secondary hazard during the decontamination process. The item will not degrade the performance of vapor detectors, gas chromatograph/mass spectrometer devices and other detectors. The decontaminant will be compatible with military equipment and will not interfere with or damage the operation of equipment via incidental contact with other non-sensitive individual equipment, electronic components, and collective protection systems. The decontaminant shall have a shelf life of 5-10 years or more and shall be capable of operating in a temperature range of –25 degrees F to 130 degrees F.

PHASE I: Research DTRA, NSWC, ECBC and academia research documentation on decontamination technologies; Select TICs, TIMs and BW agents or analogs, use, as a minimum, Hydrogen cyanide, Phosgene, Sulfuric acid, Parathion, Malathion and BW agents for study; Study selected decontamination technologies for elimination of TICs, TIMs and BW; and Develop preliminary laboratory studies and assay test methods for the proof-of-concept evaluations. 

PHASE II: Assessment of the proof-of-concept; design and develop prototype decontaminant(s), conduct assay testing to determine decontaminant effectiveness and laboratory testing to determine the reaction mechanism, reaction products and by products; evaluate efficacy and material compatibility; potential detection interference; temperature and humidity effects, shelf life and service life and logistics impacts.

PHASE III DUAL USE APPLICATIONS: Provide quantities to enable testing during operational assessments. 
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CBD05-114

TITLE: Reducing the Weight and Volume of Peroxide-Based Decontaminant by 


using a Solid (Vice Liquid) Component for Hydrogen Peroxide
TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: Conduct research and develop assay test methods to project/determine the effectiveness of solid Hydrogen peroxide source(s) as a decontaminant component vice the liquid H2O2. H2O2 in liquid form is reactive and temperature sensitive and after approximately 3-4 years the peroxide content has to be replenished. Peroxide sources are available in solid formats, e.g., Urea peroxide, sodium percarbonate and other materials. This project will research the solid formats and identify candidate peroxide sources. In a contingency or a conflict, the peroxide source would be mixed with water and agitated to prepare the decontaminant peroxide component solution. This research will address the use of freshwater, non-potable water and salt water and the resultant decontaminant solution effectiveness. Also, recent peroxide research has identified the technology to add multiple functional sites to ‘peroxy’ acid molecules and thus provide each peroxide molecule with 3-4 sites for oxidative reactions. This technology could significantly enhance the peroxide source and CW neutralization process. In addition, there are buffering techniques that may improve the peroxide molecule performance in the oxidation reactions. This research will identify and rank candidate peroxide sources, develop mixing procedures, prepare decontaminant solution from solid peroxide sources, use various water sources, draft assay test methods and conduct assay testing. 

DESCRIPTION: Several manufacturers produce peroxide-based decontaminant solutions. The ingredients from manufacturers’ are provided in various configurations and upon the need, are mixed and applied. The primary ingredient is hydrogen peroxide in an 8% concentration by volume and most of the remainder is water. Hydrogen peroxide is unstable and does degrade, thus, every 3-4 years, dependent upon ambient temperatures, the hydrogen peroxide content of the components would have to be replenished or rejuvenated. 

A peroxide source is available in the solid or crystalline form in urea peroxide, sodium percarbonate and other materials. There are several manufacturers of peroxide and some add ingredients to make the peroxide less soluble in water.

Use of a peroxide source in solid form will reduce the volume of decontaminant material that must be moved forward by 30-40%. At the time of need, fresh water, salt water or non-potable water may be added to the peroxide source.

PHASE I: Review decontaminant Material Safety Data Sheets and test reports; Analyze peroxide source characteristics and physical properties; Employ technology advances including multiple functional sites to facilitate peroxy acid oxidation reactions; Assess the feasibility of using various peroxide sources and fresh water, salt water or non-potable water to produce the decontaminant; design the mixing process for the peroxide source and the water; Design and develop assay test methods; Conduct laboratory proof-of-concept evaluations, as appropriate; and Report evaluations, 

PHASE II: Assessment of the proof-of-concept; Design prototype solution(s) and conduct laboratory testing to determine the effectiveness of mixing water from various sources and peroxide source material to yield the decontaminant H2O2 solution prototype(s), the reaction mechanism, reaction products and by products; Evaluate the proof-of-concept, and use assay test methods to evaluate decontamination effective and material compatibility impacts.

PHASE III DUAL USE APPLICATIONS: Furnish quantities to enable testing during operations assessments.

REFERENCES:

Field Manual 3-5, NBC Decontamination, Change 1, 31 January 2002.

Field Manual 3-9, Potential Military Chemical/Biological Agents and Compounds, 

12 December 1990.

KEYWORDS: Chemical Warfare Agents, Decontamination, Foam

CBD05-115

TITLE:  Blending of Aircraft Washing/Cleaning Detergents and 




Chemical/Biological (CB) Warfare Agent Decontaminants for a Dual-Use 



Application
TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE:  The research will investigate the chemical and physical properties of aircraft detergents and the feasibility of incorporating CB agent decontaminants into the mixtures. Aircraft washing and cleaning (corrosion control inhibiting processes) detergent effectiveness is attributable to surfactants and other components. Surfactants play an important role in CB warfare agent decontaminants currently being tested. The research will assess any impact on the addition of select compounds to aircraft detergent. The select ingredients will include, as a minimum, High Test Hypochlorite (HTH), Super Tropical Bleach (STB) and other non-standard decontaminants; quaternary ammonia, hypochlorous acid (HCLO-) and other compounds. Bleach containing compounds are rapid-acting and effective CB decontaminants. Quaternary ammonia and surfactants have been shown to rapidly neutralize BW agents. HCLO-, an undissociated acid, exhibits the ‘power of chlorine’ to rapidly destroy BW at a 350 parts per million concentration and potentially CW at 1000 ppm concentrations and is an aircraft material friendly pH of 6.8-7.5 for both concentrations. The research will also address the compatibility of materials in the aircraft pump and associated system plumbing with the select decontaminants.

DESCRIPTION:  Operational aircraft receive spot washing/cleaning after each flight, as needed, and a complete wash every 28 days, or as needed. All Services use a pressure washer and steam washer systems which include water heaters, detergent tanks and siphon systems so that water and detergent can be drawn from bulk detergent supplies and fresh water sources. 

The US military, during contingency operations, may be exposed to Chemical and Biological (CB) Warfare Agents, Non-Traditional Agents (NTA) and/or Toxic Industrial Chemicals (TIC). The Transportable Decontamination System (TDS) (Small-scale) will be transportable by a platform capable of being operated in close proximity to combat operations, i.e., Shipboard use, High Mobility Multi-purpose Wheeled Vehicle (HMMWV)/Trailer, Family of Medium Tactical Vehicles (FMTV)/Trailer off-road over any terrain. The TDS must be able to decontaminate CB, NTAs, and TICs to operational and/or thorough tactically non-detectable levels. The system will not require a dedicated mobility platform. The system will be capable of on and off load from platforms. The system will apply High Test Hypochlorite (HTH), Super Tropical Bleach (STB) and other non-standard decontaminants. Apply aircraft cleaning solution to exterior surfaces of two fighter aircraft per hour. For thorough decontamination missions, apply decontaminants on all exterior surfaces of medium size vehicles at a rate of 30 vehicles per hour. The system reliability will be equal to or greater than 0.98. When performing thorough decontamination, decontaminate buildings/facilities, commercial vehicles, aircraft support equipment, and aircraft immediately upon application of decontaminant. The decontaminant will be ready for use within one minute including mixing/preparation prior to use. Remain effective for 12 hours after being made ready for use. Use decontaminants compatible with the TDS and existing multi-use applicators, e.g., water pump, steam generator, fire fighting systems. Decontaminated equipment will not manifest decontaminant caused degradation. The decontaminant will not produce any residue or secondary hazards that are toxic, corrosive, or non-disposable. If a post wash is required, decontaminate a larger surface area than an equivalent volume of currently fielded decontaminants. In the transport configuration, be embarkable on a standard 4’ x 4’ pallet. From transport configuration, be capable of setup in 10 minutes. Require no more than two personnel to carry and load the system onto a platform. For operational and thorough decontamination missions, the system will be capable of being operated from a HMMWV/trailer while on the move. Once emplaced for operation, require no more than two personnel to prepare one small-scale system for operation. Require no more than one person to operate the system in any level of protection. Allow continuous operation without refueling for at least six hours. The TDS shall be capable of operating in a temperature range of –25 degrees F to 130 degrees F.

PHASE I:  Study aircraft detergents, aircraft exterior materials and surfaces, CB decontaminant, (HTH, STB quaternary ammonia, HCLO- and other decontaminants) physical and chemical properties and Material Safety Data Sheets; Assess the potential for combining mixtures, derive methods for preparing mixtures, develop assay test methods to verify and quantify the solution effectiveness; Report information on potential material incompatibilities for select aircraft surfaces and the pressure washer systems to include diaphragm and ceramic piston pumps and associated plumbing; and Develop a proof-of-concept process to verify the dual-use concept.  

PHASE II:  Design and manufacture a prototype blended decontaminant; Assess the proof-of-concept; Conduct developmental testing and assay evaluations to determine the washing/cleaning and decontaminant capabilities, CW efficacy and effectiveness, reaction products and by products; evaluate decontamination effective and material compatibility aspects; detection interference; temperature and humidity effects, shelf life and service life and logistics impacts.

PHASE III DUAL USE APPLICATIONS:  The commercial application is the periodic washing and cleaning of aircraft as a corrosion control measure. The military application will be to wash and clean aircraft and to apply decontaminant. Furnish quantities to enable testing during operations assessments.

REFERENCES:

Field Manual 3-5, NBC Decontamination, Change 1, 31 January 2002.

Field Manual 3-9, Potential Military Chemical/Biological Agents and Compounds, 

12 December 1990.

KEYWORDS: Chemical Warfare Agents, Decontamination, Toxic Industrial Chemicals, Transportable Decontamination System

CBD05-116

TITLE: Development of Novel Therapeutics for Protection Against 




Neurotoxicity and Status Epilepticus following Exposure to Chemical Warfare 



Agents
TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

OBJECTIVE: To evaluate pharmaceutical agents and develop more effective therapeutics that can protect against status epilepticus, neuropathology, and neurobehavioral consequences following exposure to chemical warfare agents, toxins, and pesticides. A preclinical laboratory animal model using advanced radiotelemetry technique could be established to determine the efficacy of new therapeutic agents. 

DESCRIPTION: Exposure to organophosphate compounds like tabun, sarin, soman and VX (chemical warfare nerve threat agents), pesticides, and environmental toxins irreversibly inhibit the enzyme acetylcholinesterase. Inhibition of acetylcholinesterase results in the accumulation of the neurotransmitter acetylcholine at neuronal junctions, over- stimulation of cholinergic transmission, and seizure activity in the central nervous system due to excessive release of the neurotransmitter glutamate from neurons (1). When uncontrolled, glutamate causes lasting maintenance of seizure activity and subsequent neuropathology due to overstimulation of N-methyl D-aspartate receptors. Repeated and prolonged seizures (status epilepticus) can lead to permanent brain damage and can be potentially life threatening if not properly treated (2). The molecular mechanism of status epilepticus, and the resulting neuropathology and neurobehavioral deficit is not clearly known. Current emergency treatment of acute OP poisoning consists of combined administration of an AChE reactivator (an oxime), a muscarinic ACh receptor antagonist (atropine), and an anticonvulsant (diazepam). However, recent experiments using nerve-gas-poisoned primates demonstrated that this treatment does not prevent neuronal brain damage and incapacitation (3-6). 

Despite the massive scale of the problem, much research, and more than 20 approved drugs and non-pharmacological options, up to 30% epilepsy patients are still refractory to treatment (8) (9). More importantly, neurological disorders involving convulsive status epilepticus is associated with a mortality rate of 10 – 12% or greater (7). The seizure induced neuronal damage following CWA exposure are resistant to currently available treatments and regimens. Therapeutic efficacy of available oximes is far from optimal because of the rapidly ageing nerve agents and that they do not penetrate the blood-brain barrier. Another drawback of current treatment is that it is not general; treatment is not equally effective against all organophosphates, implying that the toxic compound must be identified before the best available treatment can be applied (3;4;10). Thus, improved and more generic therapies are required to accomplish sufficient protection against organophosphate CWA poisoning. 

The challenge remains in 1) the development of preclinical animal models of seizure/status epilepticus; 2) the identification of novel pharmaceutical agents or combination of neuroprotective agents with multiple mechanisms of action as post-exposure treatments that can ameliorate seizure/status epilepticus and its neurodegenerative conditions. Evaluating drugs already on the market for the treatment of similar disorders, as potentially combinatorial therapeutic agents for protection against chemical warfare-induced status epilepticus would bolster the drug discovery efforts. 

We envisage this SBIR will accomplish: 1) successful implementation of animal studies using radiotelemetry that monitors multiple parameters (EEG, ECG, heart rate, body temperature and physical activity) and evaluation of protection against chemical warfare agent exposure or simulants will reduce the number of laboratory animals and also minimize control populations; 2) eventually this technology can be developed as a valuable high-throughput preclinical screening model for neuroprotective agents in different species of laboratory animals; 3) it will provide the military personnel with an efficient therapeutic agent for defense against chemical warfare agents; 4) development of a drug or combination of drugs that are FDA-approved/in phase I-III of clinical trials against seizure/status epilepticus can be applied to  other national disasters, pesticide poisonings or terrorist attacks.

PHASE I: Develop a rodent model of seizure/status epilepticus using surrogate organophosphates (e.g. diisopropylfluorphosphate, paraoxon, parathion or the muscarinic agonist pilocarpaine). Measure EEG, ECG, physical activity, and body temperature by radiotelemetry as a means to assess the protective efficacy of drugs. Evaluate approximately 3 current FDA-approved anti-epileptic drugs of choice (eg, leviteracetam, imidazenil, PNU151774E, oxcarbazepine,  etc...) and two combination therapies including an anticonvulsant (eg, midazolam) plus any of the candidate anti-epileptic drugs that acts through excitatory or ion channel mechanisms. 

PHASE II: Evaluate a combination therapeutic regimen including a N-methyl D-aspartate antagonist (or a promising anti-epileptic drug in Phase I), gamma amino butyric acid agonists (eg, midazaooa), oxygen free radical scavengers (eg, alpha-tocopherol or N-tert-butyl-alpha-phenylnitrone), antioxidants (eg, Vitamin C), anti-inflammatory agents (eg, dexamethasone), and energy suppliers (eg, glucose) which are important for neuroprotection against seizure/status epilepticus. Demonstrate the efficacy of the combined therapeutic drugs in laboratory animals exposed to at least one chemical warfare organophosphate. Determine the time of post-exposure administration for optimum neuroprotection and survivability. Extend the studies to higher order animals, determine the therapeutic dose window and pharmacokinetics to prepare for clinical trials.

PHASE III: The new lead candidate drug will be considered for initiating clinical trials, possibly in collaboration with pharmaceutical or biotechnology companies for Food and Drug Administration review of safety and efficacy. Because of the high commercial potential of successful drugs, this phase also involves a commercialization strategy to market successful drugs. 

PHASE III DUAL USE APPLICATION: Efficient therapeutic agents against organophosphorous-induced seizure/status epilepticus will have important application not only in meeting DOD objectives for chemical/biological terrorism, but also for civilians exposed to pesticides and toxins or first repondrs exposed to these agents. More than 23,000 emergency room visits per year in the United States can be accounted for pesticide poisoning. In addition, newer therapeutics for status epilepticus with improved clinical profile would foster epilepsy caregivers and more than 50 million patients worldwide many of whom are refractory to treatment with standard antiepileptic drugs. 
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CBD05-117

TITLE: Stem cell technology and autologous bioengineered skin for the




 treatment of cutaneous vesicant injury
TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

OBJECTIVE: Development of bioengineered skin for medical countermeasure against vesicant agent induced cutaneous burns.

DESCRIPTION: The pioneering work of many scientists demonstrated that it is possible to grow epidermal keratinocytes as stratified sheets from single cell suspension, and the resulting multilayered sheets are very effective in the management of full thickness burns (1, 2). Artificial skin was developed using three major components: collagen, dermal fibroblasts, and epidermal keratinocytes (4-7). The collagen based dermal equivalent provides a three dimensional framework for the fibroblasts and provides biological support both for the fibroblasts and overlying keratinocytes (8-10). Artificial skin consisting of primary cells could be three dimensionally differentiated into full thickness skin tissue. Keratinocytes lack major histocompatibility class II antigens and thereby the antigenicity to elicit serious immune response that favors the feasibility of allograft use. On the basis of these concepts we plan to develop bioengineered skin from embryonic stem cells and stem cell keratinocytes in synthetic as well as natural matrix for the therapy of cutaneous sulfur mustard induced injuries. Emerging results show that hematopoietic marrow stem cells exhibit plasticity and retain the capacity to restore skin function in impaired animals or humans, providing a therapeutic material incorporating the hosts own cellular and structural components in the future (11). The cultured allogeneic dermal substitutes can be cryopreserved and able to provide effective therapy for causalities with partial of full thickness skin damages. 

PHASE I: Generate large bioengineered skin from 1. embryonic stem cells and 2. skin keratinocytes stem cells with a plasma or fibrin based matrix for the treatment of vesicant mediated skin lesions. In an animal model of mustard induced skin injury, transplant the tissue engineered skin graft following debridement of injured tissue with debridase for restoration of epidermal and dermal compartments and preservation of functional epidermal stem cells for complete healing and long time restoration of the skin wounds.

PHASE II: Evaluate the therapeutic efficacy of frozen bioengineered skin for sulfur mustard induced skin injury to develop the product for battlefield use.

PHASE III: The contractor refine the bioengineered skin transplant that for comprehensive testing in victims at the battlefield or national disaster. The bioengineered skin that can be frozen will be considered for patenting and initiating clinical trials possibly in collaboration with pharmaceutical or biotechnology companies for Food and Drug Administration review of safety and efficacy. Because of the high commercial potential of bioengineered skin transplant, this phase also involves a commercialization strategy to market successful drugs.
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CBD05-118

TITLE: Decontaminating Protective Skin Cream Effective Against Chemical 



Warfare Agents
TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

OBJECTIVE: The development of a pre-or post-exposure decontaminating protective skin cream that that will protect exposed skin from the toxic effects of chemical warfare agents. 

DESCRIPTION: Skin Exposure Reduction Paste Against Chemical Warfare Agents (SERPACWA) is a product developed by the Army as a physical barrier against all classes of CWA. It is approved by the FDA with fielding scheduled for 2003. A second generation SERPACWA known as active topical skin protectant is in development. This product increases the efficacy of SERPACWA by adding active moieties that neutralize any chemical warfare agents that penetrate into the base cream. It will not neutralize chemical warfare agents that remain on the surface of the barrier coating. The pre-exposure decontaminating skin cream will be a new product that will neutralize chemical warfare agents on contact. The requirement is to develop a product that when applied to the skin, prior to or after exposure, will dissolve a CWA challenge and rapidly neutralize the agent into less toxic products before the agent can reach the skin surface. It will replace SERPACWA, active topical skin protectant, and the M291 SDK. The material should have reasonable cost, be safe and nonirritating, chemically stable, and demonstrate rapid kinetics. The contractor will furnish all need materials and develop an innovative solution to the problem of protecting the skin from chemical warfare agents.

PHASE I: Proof-of-concept that formulations can be developed that will meet the objective. Contractors should use their innovation and creativity to develop an effective strategy to formulate a pre-exposure decontaminating protective skin cream that will neutralize chemical warfare agent before it reaches the skin. Success will be preparing at least one formulation that will protect exposed skin from the toxic effects of chemical warfare agent simulants by neutralizing the agent simulant challenge into less toxic products. Reactivity, stability, cost, and skin toxicity must be considered. 

PHASE II: Optimization of reactants and formulations. Demonstrate efficacy against simulants and chemical warfare agents. Evaluation of chemical warfare agents will be conducted by USAMRICD.

PHASE III DUAL USE APPLICATIONS: This product could be used in a broad range of military and civilian applications. For example, industrial workers exposed to materials similar to CWAs including pesticides, herbicides, and other chemicals that represent health hazards. In addition, this product would greatly improve the protection of civilian first responders to a chemical warfare agent terrorist attack.
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CBD05-119

TITLE: Filovirus drug discovery using novel combinations of approved drugs
TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

OBJECTIVE: The objective of this SBIR is to identify and evaluate novel combinations of approved drugs that will act through multi-target mechanisms for prophylaxis, therapeutics, and/or to prevent viral spread of infection with filoviruses.

DESCRIPTION: In humans, filoviruses (Ebola and Marburg) cause acute hemorrhagic fever with a high mortality rate. These viruses are a significant threat to U.S. military forces and civilian populations as bioweapons, in areas of military operations, and the possibility of accidental importation from epidemic regions by infected human carriers. To date there are no small molecules (drugs) for prophylaxis, outbreak control (natural or intentional), and/or postexposure therapeutic intervention. Therefore it is important to develop drugs that will act through multi-target mechanisms for prophylaxis, therapeutics, and/or to prevent viral spread of infection with filoviruses. 

Traditional chemical libraries are composed of a high percentage of biologically inactive compounds. Therefore thousands to millions of compounds must be screened to discover the very few active ones. By using a library of approved drugs, 100% of the compounds are biologically active. Additionally, by combining approved drugs with other known drugs, unanticipated novel mechanisms may be discovered. An example of this includes the surprising combination of a sedative and a prophylactic anti-parasitic drug, which when paired, had a novel anti-tumor effect. This drug is now being tested in phase one clinical trials. By starting with a set of approved drugs, there is a tremendous benefit from the wealth of existing information about these compounds, including pharmacology, known toxicity profiles, formulation, and dosing information. This allows candidate combinations to move rapidly into clinical testing. Indeed, the abundance of existing literature on these compounds increases the probability that drug combinations selected for clinical testing will have desired pharmaceutical properties, such as absorption, distribution, metabolism, excretion, toxicity, manufacturability, and safety in humans.

Combination therapy has proven successful in treating a variety of human diseases, including cancer, infectious disease, and some neurological disorders. Clinical success stories abound. In the early 1990s, anti-viral "cocktails" provided the first real therapeutic breakthrough in HIV treatment. GlaxoSmithKline's Augmentin combines amoxicillin and clavulanic acid to create a highly effective antibiotic agent. And more recently, Pfizer entered its combination of Zithromax and chloroquine, aimed at treating drug-resistant malaria, into phase II clinical trials. Despite this clinical success, most drug discovery efforts remain focused on the hunt for single target, "magic bullet" molecules - an approach that has fallen short in the treatment of diseases caused by multiple cell defects or those affecting different cell types. Even in cases of combinatorial success, new drug combinations are typically products of intuition, forged from agents with similar indications. Unfortunately, this strategy reveals only a fraction of the possible combinations between currently approved drugs.

To tap into the vast resource of combination therapeutics, a high-throughput screening system (cHTS) that rapidly identifies compound combinations that pair synergistically to produce novel effects will need to be used. This method has been successful in the past for other indications (Borisy, et al.). This method essentially streamlines the match-making phase of forging new chemical relationships by delving directly into issues of real compatibility, effectively enabling the discovery of synergistic pairings that would never be predicted by traditional methodologies. Therapeutics devised through this method are especially useful because, as approved drugs, they are typically readily available for "off the shelf" use. 

This SBIR will seek to identify novel combinations of approved drugs for prophylaxis, therapeutics, and/or preventing viral spread of infection with filoviruses .

PHASE I: A cell-based drug-discovery assay will be optimized to evaluate approved drug combinations in a high throughput capacity. The antiviral activity of single agent among 2000-compound biologically active agents listed in the library will be evaluated as a “proof of concept.” This will establish the feasibility of the screening approach and the likelihood of success.

PHASE II: Data from phase I will be used to screen combinations of "active + active" and "active + inactive" screening. Compound combinations hits in a 4 x 4 -16 point dose matrix will be determined. Promising hits will be evaluated and the mechanism of action studied on selective "hits.” Down selected hits will be initiated into preclinical animal studies to evaluate efficacy of therapeutics in vivo. These preclinical animal studies will be used to obtain approval of the compounds from the FDA under the Animal Efficacy Rule. 

PHASE III: Compound combinations that are efficacious in animal models will be useful to both military and civilian populations for a variety of responses. These potential antivirals should be useful in responding to a bioterrorist event employing filoviruses, preventing spread of filovirus infections beyond the point of release, treating laboratory exposures, and extinguishing naturally occurring epidemics. Both military and civilian populations are at risk for bioweapon and naturally occurring exposures.
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TITLE: Bioinformatics Tools for Management and Analysis of Diagnostic 



Assay Data
TECHNOLOGY AREAS: Chemical/Bio Defense, Information Systems, Biomedical

OBJECTIVE: To develop data management and bioinformatics computational analysis tools that support the design of assays for detection and identification of human exposure to biological threats.  More specifically, we are interested in the development of integrated database management systems (DBMS) to warehouse, manage, query, visualize, and analyze data from DNA microarrays, protein arrays, real-time Polymerase Chain Reaction (PCR), and immunoassay results from both host expression response and agent detection studies.  The DBMS should also possess mechanisms to track the sequence of steps taken and associated generated data to support the design of multiple diagnostic assay platforms.

DESCRIPTION:  The U.S. Army Medical Research and Materiel Command is employing different genomics- and proteomics-based technologies to design assays for the detection and diagnosis of human exposure to biological threats.  To support the development of these assays, we are looking for bioinformatics DBMS that will: 

(1) Manage a variety of diverse data types derived from assay results, including results from DNA arrays, protein arrays, immunological assay (including electro chemo luminescence (ECL) and traditional assays, such as ELISA and Western Blot), and future technologies; and 

(2) Manage a variety of data types used to guide the development of assays. Examples of the data to be managed include: nucleic acid probe and primer sequences for the development of DNA microarrays and real-time PCR assays; lists of monoclonal antibodies and other immune reagents to include information about specificity, working concentration, and other details; and the results generated from laboratory experiments utilizing microarrays, real-time PCR, and immunological assays.

The DBMS should allow us to filter the data in a multitude of ways for a number of parameters, such as sequence data, probe data, antibody identifier, ligand identifier, sample identifier, and identity and lot number of all reagents used for a particular assay.  In addition, the system should allow for queries of a given pathogen within an assay platform as well as across different studies and assay platforms.  Furthermore, the system should be integrated with statistical/mining tools for analysis of intra-and inter-assay data, with the results outputted in a format that can be easily into reports and publications.

PHASE I: Conceptualize and develop a preliminary integrated DBMS prototype to warehouse, manage, query, visualize, and analyze data from DNA microarrays, protein arrays, real-time PCR, and immunoassay results from both host expression response and agent detection studies.  The prototype should also illustrate mechanisms to track the sequence of steps taken and associated generated data to support the design of multiple diagnostic assay platforms.

PHASE II: Develop a functional prototype software system fully demonstrating the concepts developed during the Phase-I effort.

PHASE III DUAL USE APPLICATIONS: This set of computational tools will have both military and civilian applications, as the general public defense against chemical and biological warfare agents is now an integral component of homeland defense. There is now significant overlap between the Department of Defense and the National Institutes of Health, National Institute of Allergies and Infections Diseases research and development programs in the detection, characterization, and diagnosis of biological threats.
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CBD05-121

TITLE: Biological Aerosol Agent Fate Model
TECHNOLOGY AREAS: Chemical/Bio Defense, Information Systems

OBJECTIVE: Formulate and validate a model of biological aerosol behavior. This model should predict aerosol particle size distribution, particle composition, and microorganism viability as a function of time. This model will take as input the initial aerosol conditions as well as time varying environmental factors such as temperature, relative humidity and, solar radiation levels. The output of the model will be validated against test data taken from airborne biological aerosols. The final product will consist of a model, test data, and a statistical analysis of the uncertainty level of the model results based on the test data. 

DESCRIPTION: Events in recent years have highlighted the probability and consequences of a biological agent incident. The proliferation of biological technology and information has increased the possibility that pathogenic microorganisms might be readily cultured and release as an aerosol over a large population center. The difficulty in detecting these attacks and the potential consequences demands robust risk management strategies based on the best available predictive technology available. A key element of this risk management approach is adequate modeling of the threat. Biological agents in aerosols are unique in their ability to grow, die, or be rendered inert in response to initial conditions and varying environmental factors. Accurately modeling the impact that initial conditions and varying environmental factors have on biological aerosols requites careful testing of how the properties of biological aerosols change over time. Given the safety and political restrictions on working with actual agents under realistic conditions a robust modeling technology validated against empirical data becomes even more critical. These models would be directly utilized by current and future DoD chemical and biological hazard prediction programs such as VLSTrack, HPAC or JEM. The civilian side would also benefit from bounding the biological agent problem and focusing on those scenarios most likely to result in significant negative impacts. 

PHASE I: Describe a technique to characterize biological aerosols and collect data how their evaporation physics is coupled with environmental variables, initial conditions, and agent fate. Describe the experimental plan to validate this technique, collect the initial data set, and perform the statistical analysis that will result in selection of the appropriate model parameters for the agents/simulants 

PHASE II: Carry out test program with approved agents/simulants, collect data set for analysis and model formulation, and formulate model based on statistical analysis of data set collected. 

PHASE III DUAL USE APPLICATIONS: The model could be incorporated into a variety of civil defense planning, decision support and risk analysis tools that are entering widespread use among emergency planners and the civilian emergency response community. The primary customers would be software developers that market these kids of threat assessment, planning, and decision support products.

KEYWORDS: Biological Agent Fate Aerosol Model Simulation 

CBD05-122

TITLE: Breathable, Lightweight, Elasticized Carbon-Based Closures for 



Chemical Warfare Agent Vapor Management 
TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: The overall goal is to develop effective closure interfaces for improving the performance of Chemical Biological (CB) protective clothing. A successful outcome of this program will result in enhanced protective performance of Chemical and Biological protective clothing for the individual soldier. Current carbon based and future selectively permeable membrane (SPM) based CB protective clothing employing improved closures and interfaces will provide increased protection factors over the current state of the art Joint Service Lightweight Integrated Suit Technology (JSLIST, MIL-DTL-32102, 3 Apr 02). The development of lighter weight, breathable carbon-based elasticized cuff interfaces will reduce the heat stress burden associated with the promising inner sleeve/elasticized leg and sleeve cuff theory employed in the Joint Protective Aircrew Ensemble (JPACE). Furthermore, the introduction of improved slide fastener technology will facilitate the advancement of SPMs.

DESCRIPTION: The emerging solution will supplement current Joint Service programs exploring novel closures for CB protective clothing. Ultimately, the Warfighter will benefit from CB protective clothing with effective closures, interfaces and reduced heat stress allowing longer mission duration and effectiveness. In addition to enhancing JSLIST and JPACE, the material solution will be applicable to evolving garment materials such as elasticized SPMs (e-SPM) or other novel concepts. The development of a lightweight breathable elasticized closure could also be applicable to a next generation undergarment, or stand alone components, where protection from chemical vapors and biological agents is required.

The development of an advanced breathable, lightweight, elasticized carbon-based closure system will provide a convoluted path of entry for vapors produced by the envisioned sandwiched structure of the elasticized inner cuff, the glove (or boot) and the garment’s outermost layer. This concept will address the protection required for air exchange between the interior of the ensemble and the environment. Generally, this interchange cannot be prevented by merely cinching the interfaces more tightly. Only a totally encapsulated impermeable garment avoids this phenomena. The mitigating approach is to identify garment locations responsible for potential chemical ingress and to intercept the chemical laden air by placing a highly breathable carbon based material in its path to absorb the vapors. The emphasis should be on a material possessing high levels of air permeability so that air can pass as freely as possible. Alternative approaches have utilized impermeable material solutions, but exchange can still occur through the path of least resistance around the barrier. The topic approach has been successfully demonstrated in the JPACE Program, but the opportunity exists with this coverall design to reduce weight and bulk and to improve elasticity and breathability while ultimately reducing heat stress.

Alternatively, the side fastener type closure will address the need to effectively seal openings of an SPM-based garment. These openings would consist of the sleeve cuff, boot cuff, and front opening, all of which are required for practical military donning. In the case of a two-piece ensemble (jacket and trouser), the additional interface between the two components will require an effective seal. Slide fasteners of both the separating and non-separating types are desired possessing protection along the length and at the termination points. 

All concepts shall be capable of withstanding the rigors of military missions and as such shall be robust. Design and material selection should be based upon durability, user acceptability, human factor issues, storage and packaging etc., in addition to protection against Chemical Warfare Agents (CWAs). Initial testing will be conducted in a laboratory setting with recognized test methods prior to field assessments. All testing of CWAs shall be conducted at a government approved surety facility with government recognized test methods. 

PHASE I: Develop closure concepts to address all interface areas of both coverall (e.g. Joint Protective Aircrew Ensemble, or similar) and two-piece (Joint Service Lightweight Integrated Suit Technology) garment designs. Select appropriate material for military chemical/biological protective garment use, manufacturing feasibility, garment compatibility and garment construction techniques. Fabricate concept prototypes for laboratory evaluation. Perform laboratory evaluations to assess closure effectiveness and durability.

PHASE II: Produce and demonstrate compatibility of prototype closures with Joint Service Lightweight Integrated Suit Technology and Joint Protective Aircrew Ensemble clothing systems (and other potential systems including e-SPM based systems) by incorporating them into a fabric demonstration model. Downselect and optimize interfaces as appropriate, incorporate most promising closures into garments and conduct system level testing. 

PHASE III DUAL USE APPLICATIONS: Minor design modifications will be considered based upon the results of the limited field-testing and an optimized, low-cost commercial manufacturing process established. Additional garments incorporating the final breathable, lightweight, elasticized carbon based material will be introduced to an expanded field assessment. The proposed material(s) will result in low-cost, user friendly, quick don/doff, and highly effective closures for both carbon based and e-SPM based clothing, while optimizing heat stress reduction for the Joint Service community. The resulting design will have direct application to the Joint Service Explosive Ordnance Disposal (EOD), Technical Escort Units (TEU), Chemical Activities, and Defense Preparedness. It will also be applicable for use in civilian and military clothing involving civilian emergency responses to chemical incidents (terrorist or accidental toxic chemical emissions).
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CBD05-123

TITLE: Aerogel-Based Chemical and Biological Protective Fabrics.
TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: The overall goal is to develop aerogel-based Chemical / Biological (CB) protective fabrics for use in garment and collective protection systems. 

DESCRIPTION:  Recent advances in aerogels have resulted in them becoming commercially practical materials either combined with fiber battings or as particulate inclusions in a matrix material.  Aerogels are characterized by very high surface area per unit weight and very close particle spacing.  The particle spacing can be less than the mean free path of gas molecules in air.  Particle spacing less than the mean free path of gases in air results in a thermal conductivity less than that of air.  This property has lead to the development of materials, which take advantage of that for thermal insulation.  They are also being considered by NASA in space suit insulation for a Mars mission.

The combination of very high surface area and close particle spacing can also be used in chemical protective applications.   There are three possible modes of action.  First, the high surface area of the aerogel could be used to hold catalytic or reactive chemical groups.  Second, the small pores of the aerogel could be used to sequester the agent molecules in much the same manner as activated carbon.  Finally, the pores could be functionalized to retard the diffusion of agent molecules while allowing water vapor to diffuse rapidly through creating a selectively permeable material, or a combination of all three mechanisms.

Hydrophobic silica aerogels are water repellant, but allow water vapor to diffuse through them with very little hindrance.  Because the pore size is less than the mean free path of the molecules, the molecules collide with the walls of the pores more frequently than with each other.  In the case of a water molecule colliding with a hydrophobic pore wall, the water molecule bounces off without loosing very much energy (speed).  If the interaction with the wall is favorable, then the molecule will loose energy in colliding with the wall and the progress of the molecule will be slowed or halted.  Since the mean free path is only a few nanometers, there are a very large number of collisions before a molecule can diffuse from one side of a film or particle to another.  Although beyond the scope of this project, these materials could be further enhanced by controlling the surface heterogeneity.

PHASE I: Develop and demonstrate aerogel-based fabrics with significant protection against chemical agent simulants and good moisture vapor transmission.  An example of these goals would be met by the following criteria.  Water vapor transmission exceeding 1500 grams/square meter/day, as measured by ASTM E96B Upright Cup Test, and dimethyl methyl phosphonate (DMMP) permeation rate of less than 10 grams/square meter/day or similar measure of selective permeability.

PHASE II: Produce prototypes for testing of performance in typical applications.

PHASE III DUAL USE APPLICATIONS:  DoD uses could include collective protection such as tent liners (air conditioned) or individual protection such as chemical protective garments (or moisture vapor permeable patches), fire fighting uniforms where high temperatures and hazardous chemical might be present.  Dual use applications could include pesticide application uniforms, firefighting, and chemical process industry protective uniforms.

REFERENCES: 
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CBD05-124

TITLE:  Flexible Composite Chemical, Biological, Radiological, and Nuclear 



(CBRN) Barrier for the Joint Expeditionary Collective Protection System
TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: Develop a high-performance flexible composite barrier that provides protection from Chemical, Biological, Radiological, and Nuclear (CBRN) agents and Toxic Industrial Materials (TIMs). This barrier will be suitable for incorporation into the highly mobile, rapidly deployable Joint Expeditionary Collective Protection System (JECP) Shelter System to providing protection to the Joint Expeditionary Force (JEF) in the event of a CBRN attack.

DESCRIPTION: The JECP includes a stand-alone shelter and possibly a vehicle-integrated shelter that requires a flexible barrier that performs as a durable, general-purpose shelter fabric with inherent CBRN-resistant properties. This material must be affordable and easy to manufacture to ensure that it can be available to the widest number of military users possible. This material must be fully matured to be incorporated into the JECP program beginning in FY08. 

This effort should address all issues from textile manufacturing to shelter fabrication and performance up front before further maturation. Concepts to explore include basic fiber properties, fiber hybrids, fiber orientations, films, coatings, laminates, how the fabric will be affordably manufactured, seaming techniques and interfacing with shelter mechanical closures. 

PHASE I: Identify potential films, coatings and substrates to achieve the required performance characteristics. Target physical properties can be found in the referenced LP/P DES 1-94b, 5 March 2000 LIMITED PRODUCTION PURCHASE DESCRIPTION FOR CLOTH, CHEMICAL AND BIOLOGICAL PROTECTIVE. The key physical requirements include a fabric weight of less than 13oz/sq. yd, a minimum tearing strength of 35lbs, and an after flame of less than 1sec. In addition to physical properties, target agent breakthrough time should be increased from 72 hours to 96 hours and target cost is less than $20 per square yard to meet the future needs of the JECP shelter system.

Demonstrate laboratory samples and test for basic physical properties. 

Document trade-off analysis comparing performance versus cost.

PHASE II: Refine and optimize material demonstrated in Phase I. Test for all performance characteristics. Address all manufacturing technology issues. Demonstrate full-scale tent prototype(s) and capability of scaling up to production.

PHASE III DUAL USE APPLICATIONS: Advances in flexible protective barriers could be used in truck covers, protective tarps for equipment, disaster response and homeland defense shelters and patient protective wraps, and individual protection applications. 

REFERENCES: 
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