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ABSTRACT 

Contamination by microorganisms such as E, coli and Anthrax has been a source 

of concern in the agricultural and food processing industries for many years. However, 

the increasing presence and availability of the more robust microorganisms, such as 

Anthrax, present a significant threat to the safety and quality of life to which we are 

currently accustomed. As the knowledge and technology to manufacture and weaponize 

lethal sfrains and different suspensions of biological and chemical agents become more 

available, the knowledge and technology to detect and desfroy these biological and 

chemical agents must also be developed. Methods currently used to decontaminate 

biological agents include elecfron beams, exposure to very high heats in excess of 130°C, 

exposure to Ultraviolet (UV) light, and the use of liquid solvents such as bleach, just to 

name a few. Based on previous research, another very effective decontamination 

technique is to expose the agent to an arc jet plume, which exhibits multiple killing 

mechanisms but is energy inefficient. It is of great interest to explore additional 

decontamination techniques that decontaminate more rapidly, are more energy efficient, 

do not harm the contaminated surface, and do not leave behind a residue which must later 

be cleaned. 

The pulsed corona discharge (PCD), which generates many of the same killing 

mechanisms as the arc jet, is thought to be a viable solution to the decontamination of 

biological and chemical agents; especially when combined with environmental enhancers 

that increase the amount of water vapor in the air or that increase the temperature of the 

specimen. A combination of experiments has been performed with the PCD utiUzing the 

environmental enhancements previously mentioned on both chemical and biological 

specimens with the main goal pointing towards the decontamination of Anthrax in 

various environments. Additional experiments have been performed to determine if 

common barriers, such as paper or plastic envelopes, would inhibit the killing efficiency 

of the pulsed corona discharge. The most immediate benefits of the research performed 

with the pulsed corona discharge could be applied toward the destmction of Anthrax in 

contaminated mail. 
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CHAPTER I 

BACKGROUND AND PROJECT OBJECTIVES 

1.1 Background 

On a daily basis, some portion of the nation's population comes in contact with 

microorganisms and chemical compounds that are potentially lethal in the appropriate 

concenfrations. Some of the more common hosts in industry to these agents include 

feedlots, insecticides, and pesticides. Unfortunately, the probability of agents such as 

these being used as weapons has also increased. As the presence of microorganisms such 

as Anthrax and compoimds such as Parathion and Malathion become a more intmsive 

presence and threat to the safety of the general public, technologies and decontamination 

techniques must be developed which are increasingly energy efficient, decontaminate 

more rapidly, do not harm the surface to be decontaminated, and leave no residue. 

Throughout industry, many different decontaminafion systems are used which utilize 

different sources of energy. Some of these destmction techniques include the use of 

electron beams, killing with excessive amounts of heat, and liquid solvents such as 

bleach. The efforts of this research group have been focused on determining the 

capability of a pulsed corona discharge to desfroy biological and chemical agents. The 

pulsed corona discharge is believed to generate killing mechanisms which will resuh in a 

more energy efficient, rapid, non-destmctive solution to the problem of contamination by 

biological and chemical agents. 

The technology for this research was first investigated at Texas Tech University 

(TTU) Center for Pulsed Power and Power Electronics in the late 1980s with NASA 

sponsored research on arc jets, one of the satellite size electric space propulsion 

technologies. The main parties involved with this research at TTU include Dr. E. O'Hair, 

Dr. J. Dickens, and graduate students and lab technicians working imder their 

supervision. The details concerning the background of the technology have been provided 

by Dr. O'Hair. The primary focus of the research was directed toward reducing the 

cathode erosion such that the operating time in the space environment could be extended 

to at least 1000 hours. Both 10 and 30 kW size arc jets operating at 100 and 250 amps 
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DC were investigated. The gas propellants used were nitrogen, hydrogen, or a 

combination of the two at a flow rate of a few tenths of a gram per second. At these 

current levels and small flow rates the nozzle exit gas temperature was very high, on the 

order of about 10,000 °C. The plasma that was produced consisted of elecfrons, ions, 

atoms and molecules. In addition to these elements, an elecfric field. Infrared (IR) 

radiation, and Ulfraviolet (UV) radiation were also produced. 

In 1997, the US Air Force, in an STTR solicitation, requested proposals on the 

destiiicfion of biological and chemical warfare agents. The research group at Texas Tech 

University (TTU) fonned a team v^th MONTEC, a Montana small business. The team 

was awarded a one year contract to investigate the decontamination of biological and 

chemical agents on large surface areas using a high temperature plasma. 

The biological agent used during the experiments with the arc jet was a strain of 

Bacillus spore. Bacillus spores were employed as the test specimen because they are 

very good simulants for Anthrax, a well-known biological warfare agent. The spores 

were plated on fiberglass slides. The exhaust environment produced by an arc jet is very 

destmctive of aerosol deposited biological agents. Results showed that these agents 

could be desfroyed, using air as the propellant, at a rate of 3 mph without causing any 

damage to the surface. The proposed operational concept was to develop a 5 ton tmck 

size mobile unit, using a row of arc jets positioned a couple of inches above the surface. 

The decontamination unit would move fast enough to "clean-up" a road or mnway in a 

reasonable time but not so fast that the residue agents would become airborne and blown 

away. 

The technical decontamination objectives of this research were met. However, to 

operate a 3 meter long row of 10 to 15 kW arc jets would require a tmck-mounted 

electric generator that could produce over 200 kW of power. The supersonic high 

temperature gas plasma of the arc jet contains multiple killing mechanisms which, when 

used individually at sufficient power levels and duration, have desfroyed surface 

deposited chemical and biological agents. While the arc jet exhaust is a very effective 

method for decontamination, it is not a very energy efficient solution. The two main 

drawbacks with using the arc jet large surface decontamination system are: that it will 



require a large supporting electric generator and that it probably generates a more 

desfructive environment than is required. These two drawbacks have lead to the first year 

of research supported by SBCCOM and perfonned by the group at TTU. 

A proposal was submitted to, and funded by US Army SBCCOM for the first year 

of a three-year effort to research and develop the concept of a mobile field deployable 

chemical and biological large surface decontamination system. In addition to effectively 

decontaminating chemical and biological agents, the decontamination system should also 

preserve the surface that is being decontaminated, leave no residue that requires clean-up, 

decontaminate 15,000 square meters per hour, require no non-standard expendables, have 

a long maintenance free "shelf-life," and have the ability to operate for longs hours with 

minimum maintenance. 

The technology exists in single sources such as: electron beams, UV lights, pulsed 

corona discharges, etc., to reproduce portions of the arc jet environment. Electrically 

driven sources like these listed will meet the general consfraints addressed in the previous 

paragraph. From the published data there are no individual sources that meet the rapid 

decontamination rate objective. So, the question that must be addressed is: What 

combination of sources in series or concurrently can produce the desired result, i.e., 

"acceptable" surface decontamination with only 0.05 seconds of exposure, at a 

"reasonable" ratio of square meter/kW-hr? 

1.2 Project Objective 

Past research has shown that electrical technologies can be very effective tools to 

rapidly decontaminate large surface areas of biological and chemical agents. For the first 

year, certain tasks have been addressed to provide the infrastmcture for future work on 

electrically driven biological and chemical decontamination. The selection of energy 

sources and setting up the experimental apparatus are the first goals that have been 

reached. Following the development of a flexible experimental set-up, the group has 

determined the chemical and biological simulants to be used, who will prepare them, and 

who will evaluate them. After making the above decisions, the first year's experiments 

have been performed with the intention of perfecting and evaluating sources, data 



acquisition instrumentation, agent handling, and results evaluation. The final work has 

been to address the problem of mail contaminated with anthrax as a specific need 

application of the equipment and processes developed over the last year. 

The group that is referred to throughout this paper consists of faculty, staff, and 

student workers from three different departments at Texas Tech University. Dr. O'Hair 

and Dr. Dickens are the faculty members in Electrical Engineering who have directed 

their expertise towards supervising the development of the pulsed corona discharge, 

adding the environmental enhancements, and all other equipment necessary to collect 

data for energy calculation and system monitoring. They have also been responsible for 

organizing the efforts of the Chemistry and Microbiology departments to provide and 

analyze the test specimens. As an Electrical Engineering graduate student, I have 

worked imder the supervision of Dr. O'Hair and Dr. Dickens. In the Microbiology 

department in the Health Sciences Center (HSC) at Texas Tech University, Dr. Fralick 

and his student assistant, Kathryn Royse, have been responsible for acquiring, preparing, 

fransporting, and evaluating the E. coli and Bacillus specimens after exposure. Dr. 

Dasgupta and a post-doctoral researcher. Dr. Sathmgnan, prepared and evaluated the 

Malathion and Parathion test specimens for the project. Naturally, the faculty and staff in 

the Chemistry and Microbiology departments used their backgrounds to help make 

critical decisions concerning appropriate test conditions and test specimen sfrains, when 

necessary. Collaboration among all three disciplines was necessary to properly interpret 

results obtained from different exposure techniques. 

The first objective of the project is to explore the effectiveness of the Pulsed 

Corona Discharge (PCD) in decontaminating large surfaces. The PCD is created by 

pulsing a high negative voltage of about 60,000 Volts through a wire array generating an 

approximately uniform discharge between the wire array and a ground plate. The voltage 

pulse has a pulse width of about 20 nanoseconds (ns) and the pulse repetition frequency 

is 100 Hz. Killing mechanisms generated by the PCD include a very high electric field, 

kinetic energy of charge particles (electrons and ions), IR radiation, UV radiation, and the 

production of OH' radicals. The specimens of interest are exposed to the PCD by placing 

them on the ground plate, below the wire array. An important condition to note is that all 


