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Special Issue on
Nonthermal Medical/Biological Treatments Using
Electromagnetic Fields and lonized Gases

I. INTRODUCTION Equally exciting is the growing field of research into the
HE INTERACTION of electromagnetic fields with bio- application of plasmas for chemical and biological sterilization

logical cells often has a negative connotation. We think 81nd decontamination. A number of industrial and university
effects such as electric shocks and electric burns. There is Eﬁéﬁam? glr Otl_Jpsl havlg _alrga%y demo?stratt_aotljl tﬁ Lemtarkable
fear that exposure to electromagnetic fields may cause can%gw y ot refatively cold lonized gases 1o rapidly i bacteria
and the opinion that electromagnetic radiation is a kind of poq_ells while avoiding the excessive heat and/or harsh chemicals
lutant. Much of the research on biological/medical effects &ssociated with current conventional sterilization techniques.
electromagnetic fields has therefore concentrated on potenili—glt'jS new app_rolach dposles mlf':ljor. advantages for both defense
hazardsof electromagnetic radiation, on abetterunderstandir?& commercial medical applications.

of damage mechanisms and how to protect against them. i In Or;%r to Pr?x'de a forur_n for the ezche:jntgehof |Inforrpa|-d
However, more recently, tHeeneficialeffects of electromag- lon andideas In these emerging research and technology lields,

netic interaction with biological cells are receiving more atteﬁt;e I':lrslt_ll_ntertnanotnallJS'ympEclxsmtm on Nort1.th|e:r.rr;gl Meg|::al{B|— d
tion, particularly nonthermal effects. For example, for a lon ogica Elreatl m,\indsggsflng h e(t: romar?r:s N A'e -|512n140?£9
time now electric pulses have been used to save lives in ca &ses( ectroMed99, for short) was held on April 12-14, '

of heart failure, but now we are finding that they can also 48 Norfolk, VA. The symposium was sponsored by the U.S.

used to diagnose and even help to treat cancer. There are cIe’%VI (()jrctg Oﬁ;ﬁe ?Ifzgé'eNm'f'lc Resegr(F:)T, the Nsat.lonal S(;en_cet
effects of electric field/cell interactions, which have a positiv otindation, the uclear an asma sciences Society,

effect on our well-being. Pulsed electric fields have also be ¢ Bioelectromagnetics Society, Old Dominion University, the

shown to be useful in bacterial decontamination, an effect us ,stern Virginia Medical SChO.OI' a_nd th? Cpllege of William
for example, to make our food and our drinking water safer. FLﬁDd Mary. One hundred and thirty-five scientists from 12 coun-

thermore, they have the potential to protect us against the thre S attended. . . . :
of bacterial contamination in biological warfare. In order to introduce the audience (which consisted of

Pulsed power is the enabling technology in many of thegggineers, physici_sts_, biologisys, and _clini_cians) tp these_re-
new applications. Cancer treatment using eIectroporatiO??,arCh areas, we |nV|.ted prominent scientists to_glve ttorials
which is already in clinical trials, is based on the applicatioﬂnd reviews on the important research areas in nonthermal

of high-power electrical pulses to malignant tumors. Bacterigfatments and on the supporting plasma, pulsed power, and
decontamination of liquid food and drinking water with pulse icrowave technology. Eighteen invited talks were given in the

electric fields successfully utilizes microsecond and sub IESt.tWO. day§ of the meeting, covering a range of tODI.CS from
crosecond high-power pulses. Research in both medical ic microbiology to pulsed power technology. Approximately

biological applications is moving toward the use of shorter a (9 contributed papers were presented in a poster session. The

more intense pulses where interaction with cell substructu#@éqe,St research and.development_ area reprgsented in the po;ter
ssion was bacterial decontamination using pulsed electric

becomes likely, and consequently exciting new effects a,g o
expected 4 q y g Eelds, UV radiation, and nonthermal plasmas. The second

Resonant effects of low-power microwave and miIIimetéf’"geSt area dealt with basic studies and medical applications

waves on micro- and macroorganisms are topics of inten%]:apmsed electric fields. The relatively large number of papers

study, mainly in Europe. High-power microwave and millimete?" pulsed field generators, mainly presented by scientists from

waves allow one to similarly explore and utilize nonlineaﬁhe fqrmer SOV'?t Union, provided the audience with a good
rview of leading-edge pulsed power systems.

processes on the molecular level, with the potential to someo%\ﬁcv h laced th 1 thi il i : I
selectively modify molecular structures in cells. In the shorlg’ ¢ have placed the pﬁperz]r?hln 'S specia 'StSl:je |tntr?enera y
wavelength range of the electromagnetic spectrum, the ultralj}® Same sequence in which they were presented at the sympo-

olet (UV) and the X-ray range, research on the effect on ce um. Contributed papers are placed in topic groups following

has already led to applications of pulsed power ultraviolet arI1 respective lead Papers. In some cases, however, we have de-
X-ray sources for bacterial decontamination. viated from the symposium sequence. It such cases we had the

feeling that a particular sequence might make it easier for the
reader to grasp a new research field.
The reader is introduced to the field of bioelectrics, the inter-
- action of pulsed, high electric fields with cells, through five in-
Publisher Item Identifier S 0093-3813(00)01384-9. vited papers by Polk (University of Rhode Island), Foster (Uni-
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versity of Pennsylvania), Weaver (MIT/Harvard), Zimmermanpseudotherapeutic) purposes. Importantly, the Kondrashova
et al. (University of Wuerzburg, Germany), and Detal.(Gen- team specifically demonstrates how professional medical/bi-
etronics, Inc.), respectively. They cover the range from fumlogical studies can move such “faddish” applications into
damental effects to medical applications. Effects on cells céme realm of legitimate medical therapy for the improvement
also be achieved with low-intensity electric field as discusseddaf air in modern closed working environments. The paper by
the first contributed paper by Liet al(University of Chengdu, Kelly-Wintenberget al.then maintains the theme of air-quality
China). The enabling technology for bioelectrics, pulse powenprovement in its discussion of the novel “Volfilter” concept.
technology, is introduced in an invited paper by Kristiansen aridhis forms a convenient transition into the commercial world
Mankowski from Texas Tech University. This paper is followedonsiderations, which Birmingham’s and Hammerstrom’s
by an overview of the bioelectrics research at the Efremov Ipaper elaborates on in its presentation of various industrially
stitute in St. Petersburg, Russia, by Burtseal. oriented air plasma applications. In this similar commercial
An attractive application of bioelectrics is the treatmentein, the paper by Farrat aldiscusses large-surface air plasma
of drinking water and liquid food with pulsed electric fieldsdecontamination/sterilization techniques. The papers by &oth
(PEF’s). PEF research activities in the Netherlands (van Heesd¢hand Namihiraet althen go on to describe interesting plasma
et al, University of Eindhoven), the United Kingdom (Mc-chemistry-related concepts that rely on the longevity of some of
Gregoret al, University of Strathclyde), and Japan (Katsukihe plasma-generated active species in order to impose spatial
et al, Kumamoto University) are discussed in three followinglistance between the plasma source and the desired treatment
papers. Related to these methods is biofouling preventiohjective. In the paper by Kotaet al,, results are presented that
using pulsed electric fields, a topic discussed by Ghazafalicate how air plasma chemistry can dramatically enhance the
and Schoenbach (Old Dominion University). Pulsed electreffectiveness and utility of existing approaches using e-beams
discharges as a means to decontaminate water is discussedfan aterilization. Finally, the papers by Zengliang and Dubinov
paper by Efremoet al. (Triniti, Troitsk, Russia). Experimental et al.discuss the possible mechanisms for the observed positive
observations on biological effects of high-power microwavesfects of ion bombardment of agricultural seeds.
are presented in an invited paper by Kéglal. (Brooks AFB).
This is complemented by a review of low-intensity micro- and
millimeter-wave effects by Pakhomov (McKesson BioServices)
and Murphy (Brooks AFB). Biological effects of electromag- The ElectroMed99 Symposium and this special issue are in-
netic fields on the molecular level are discussed in an invitgénded to help bridge the gap between disciplines that in the past
paper by Blank and Goodman (Columbia University). were not considered compatible: on one side, pulsed power and
The ElectroMed99 Symposium focused on biological effectficrowave physics and engineering, as well as plasma physics;
of nonionizing radiation. However, there is strong interest iind on the other side, biology and medicine. As in any new
the scientific community and in the public on the effects anghcounter between research areas that seem fundamentally dif-
applications of ionizing radiation. This field is represented iferent, the language barrier between the disciplines needs to be
four papers: an invited paper on structural changes in cell megvercome first, in order to initiate communication. Biologists
branes due to ionizing radiation by Hannig and Lee (Universihd clinicians need to learn about the basics of pulsed power,
of Chicago) and three contributed papers on bacterial decefflectromagnetic fields, and plasma physics in order to recog-
tamination by means of pulsed light and X-rays. The papers &ige the potential of these technologies for their research. Our
authored by Andersoet al. (University of Strathclyde, U.K.), colleagues in the pulsed power, microwave, and plasma science
McDonaldet al. (University of Missouri), and R. Currgt al.  areas, on the other hand, will be confronted with unfamiliar bi-
(University of Missouri). ological and clinical terms in some of the papers that follow.
Thirteen papers in this special issue are devoted to mediye refer readers of this special issue to publications that em-
ical/biological applications of nonthermal plasmas. The invitgshasize biological and clinical research through the bibliogra-
papers presented at ElectroMed99 by Kunhardt, Montie, apies of a series of introductory review papers. We have also
Birmingham remain in their symposium sequence, althougitked the authors of these papers to express and explain their
four new papers are inserted before Birmingham’s. Readefigthods and findings in terms understandable to all readers.
will find Kunhardt's work to be a detailed review paper on thgVe understand, however, that this is not always possible. There
physics of air plasma generation. His discussions on the variggshe danger that through oversimplification papers lose some
techniques are important to anyone who would seek to ap@ytheir scientific value. Therefore, reading and understanding
air plasmas to medical/biological purposes. Montie’s papgtiese papers requires more effort than most of our other spe-
then provides a detailed description of just such an applicatianial issues in the IEEE RANSACTIONS ON PLASMA SCIENCE.
namely, the use of an atmospheric pressure air plasma for H@vever, we hope that the reader feels that it is worth the ef-
destruction of biological pathogens. The next two papers, thdset. The contributions on biological and clinical issues open, in
of Laroussiet al. and Efremowet al., then describe the resultsour opinion, a fascinating new research area for engineers and
they achieved with similar atmospheric pressure approachpbysicists, an area where they can make a strong impact. The
The paper by Kondrashowt alis a bit of a change of pace. It Second International Symposium on Nonthermal Medical/Bi-
is inserted at this point to remind the reader of the long histoojogical Treatments using Electromagnetic Fields and lonized
of low-level air ionizers used for therapeutic (and sometimé&3ases, to be held in Norfolk, VA, in spring of 2001, will again

Il. CONCLUSION
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