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Abstract:
Bacterial biofilm infections are less susceptible to antibiotic treatment than their planktonic
counterparts. This has become a major health issue in many areas of a hospital and/or health care
industry. The bioelectric effect was discovered by a team of Canadian scientists in 1994. The
bioelectric effect is the treatment of the bacterial biofilm with antibiotic in the presence of an electrical
current. This treatment has been found to produce a remarkable higher kill of the bacterial biofilm. This
thesis replicated the original work done in Canada and from that base it goes into developing a dose
response for the applied current in the presence and the absence of antibiotics. It shows that the effect is
obtained with pure DC current and that the effect is not dependent on the direction of the current with
respect to the nutrient flow. It also shows that the effect is only seen when the biofilm itself is treated
with the DC current. We also have shown that an E-Field does not seem to have the same effect on the
biofilm. Preliminary work was done using currents induced by AC fields and chemical manipulation of
the nutrients. A mechanism for the bioelectric effect is proposed. 
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ABSTRACT

Bacterial biofilm infections are less susceptible to antibiotic treatment than their 
planktonic counterparts. This has become a major health issue in many areas of a hospital 
and/or health care industry. The bioelectric effect was discovered by a team of Canadian 
scientists in 1994. The bioelectric effect is the treatment of the bacterial biofilm with 
antibiotic in the presence of an electrical current. This treatment has been found to 
produce a remarkable higher kill of the bacterial biofilm. This thesis replicated the 
original work done in Canada and from that base it goes into developing a dose response 
for the applied current in the presence and the absence of antibiotics. It shows that the 
effect is obtained with pure DC current and that the effect is not dependent on the 
direction of the current with respect to the nutrient flow. It also shows that the effect is 
only seen when the biofilm itself is treated with the DC current. We also have shown that 
an E-Field does not seem to have the same effect on the biofilm. Preliminary work was 
done using currents induced by AC fields and chemical manipulation of the nutrients. A 
mechanism for the bioelectric effect is proposed.



INTRODUCTION
I

The second half of the twentieth century has seen many advances in the field of 

medicine. One of those advances is in bioengineered implants. During the last few 

decades, the bioengineers have given us prosthetic hip joints and internal fixation devices, 

vascular catheters, prosthetic heart valves, cardiac pacemakers, arterial grafts, in-dwelling 

urinary catheters, peritoneal dialysis catheters, contact lenses, penile prostheses, and 

intrauterine contraceptive devices among many others. These engineered innovations 

have prolonged our lives and/or restored a quality of life lost due to a disease. 

Unfortunately, this progress has been accompanied by the emergence of a new challenge 

to medicine — implant associated infections that may not respond to conventional 

antibiotic treatment alone and that often require removal of the infected implant. [1,2]

Bacterial biofilm has been found to be the culprit in many of these implant 

associated infections that do not respond to conventional antibiotic treatment [3], Medical 

equipment that is used in close contact to patients, such as dental drills, endoscope and 

contact lenses cases, are also prime environments for biofilm formation. Biofilms are 

bacterial populations enclosed in an exopolysaccharide matrix that adhere to each other 

and/or surfaces or interfaces [4],



Even though the study of infections caused by biofilms in the medical setting is 

still in its initial stage, the study of biofilms involved in corrosion [5], souring [6], and 

fouling [7,8] problems has a long history. The growth of biofilm in pipelines has been a 

major problem in industry not only because the biofilms slow down fluid flow but also 

because the biofilm is hard to clear due to its characteristic enhancement of resistance to 

biocides. There have been numerous hypotheses about the nature of this enhanced 

resistance. One of the early hypotheses was that the exopolysaccharide matrix was a 

charged matrix and that this matrix was responsible for binding antimicrobial agents 

before they have the opportunity to penetrate the biofilm [9], Therefore, in the early 90’s 

J-W. Costerton and his team at the University of Calgary, Calgary, Alberta, Canada, 

began a series of studies in order to determine if a low-strength electric field could affect 

the biocide in the biofilm and enhance biocide killing [10,11]. They found out that a low- 

strength dc-electric field in conjunction with a biocide would indeed reduce the biofilm 

population. These experiments were duplicated in England by Jana Jass and Hilary 

Lappin-Scott [12]. The British team, however, did not show as much killing of the 

biofilm.

It has been the intention of this study to duplicate the original work of J.W. 

Costerton and to extend the work in order to establish a dose response and to elucidate the 

mechanism of the enhancement of resistance to antibiotics observed in microbial

2

biofilms.
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THE BACTERIAL BIOFILM

Defining a biofilm

Biofilms are defined as matrix-enclosed bacterial populations adherent to each 

other and/or to surfaces or interfaces. This definition includes microbial aggregates and 

floccules and also adherent populations within the pore spaces of porous media [47]. 

Direct observations of living biofilms (by optical and other non-invasive physical 

methods) done by several research groups have revealed a complex structure for the 

biofilm. It is composed of an infrastructure made of a polysaccharide matrix that holds 

together an elaborate system of microcolonies. These microcolonies are connected by 

water channels that function as a primitive circulatory system bringing nutrients from the 

bulk fluid and removing metabolic products [13].

Figure I: The bacterial biofilm.

It is understood today that biofilms are a distinct growth phase of bacteria which 

is quite different than the planktonic phase. Planktonic bacteria are those which are free



to move in their environment and have been the center of bacterial studies since Louis 

Pasteur’s discoveries 15 decades ago. Biofilm forming bacteria are bacteria that adhere 

to surfaces. These bacteria are called sessile bacteria, and they are characterized by the 

production of a fibrous, highly hydrated, exopolysaccharide matrix whose chemical 

composition is species specific.

.. The biofilm is formed by the adhesion of planktonic bacteria to a surface. During 

the complex process of adhesion, the planktonic bacteria change their phenotype as a 

response to the surface [14]. During the early stages of biofilm formation, the sessile 

bacteria find themselves multiplying and forming colonies of single or multiple species. 

These cellular colonies and their exopolysaccharide will create the microniche of each 

bacterial biofilm. Different biofilm bacteria respond to their specific microniche in a 

different manner with different growth and adhesion patterns. Eventually, a structurally 

complex mature biofilm will develop.

Electron microscope studies and X-ray crystallographic analysis show the 

exopolysaccharide, also known as glycocalyx [15 ], to be an ordered array of fine fibers 

providing a thick, continuous, hydrated, polyanionic matrix around the cells [16]. This 

polysaccharide may contain one or more anionic uronic acids, and it is densely 

concentrated around the microcolonies of cells that have produced its polymer [17].
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Pseudomonas aeruginosa

Because P. aeruginosa is the predominant autochthonous inhabitant of all 

naturally oligotrophic aquatic ecosystems, this remarkably adaptable bacterium is the 

most numerous organism on our planet [2]. Pseudomonas aeruginosa has emerged as a 

very important pathogen affecting a wide variety of patients whose defense against 

infection is compromised by trauma or by underlying disease [2].

Pseudomonas aeruginosa is a member of the genus Pseudomonas. Pseudomonas 

can be found in both soil and water. They are colonizers or pathogens of plants or 

animals, including man. Therefore, Pseudomonas are of medical importance. They are 

saprophytes with a low virulence which means that they are opportunists that produce a 

disease in patients with low or local resistance against infections. They may be found in 

infections at many body sites, the most common of which are the urinary tract, respiratory 

tract, wounds, and blood [18].

Pseudomonas are Gram-negative, asporogenous, rod-shaped bacterium, polar 

mono- or with polytrichous flagellation (18-20°). Their motility is at 18-20°. They are 

oxidase positive. They have oxidative glycolysis without gas formation, or no 

saccharolysis. They are catalase positive and indole negative. P.aeruginosa was first 

described by Schroter in 1872 [19]. It usually forms a blue-green pigment, pyocyanin, 

which is often visible in growth media and is a diagnostic for this species. It most 

commonly exhibits rough, flat grayish colonies with uneven borders (R-form), but 

variants with a smooth, dome-shaped and whiter appearance (S-form) may be observed. 

The sheen is a diagnostic of P. aeruginosa. The species has a typical penetrating 

aromatic smell reminiscent of spoiled fish. The smell is due to o-amino-aceto-phenon



and is particularly pronounced on peptone-rich media. P. aeruginosa has but one 

flagellum.

Table I. Common characteristics of Pseudomonas aeruginosa [19].

COMMON CHARACTERISTICS OF PSEUDOMONAS AERUGINOSA

Gram negative

Rod shaped (straight, asporogenous, .5-1.0 x 1.5-4.0 pm)
Strict aerobes (some species may utilize nitrogen or arginine as terminal acceptor 
anaerobically)
Motile by polar flagella
Oxidase positive
Oxidative metabolism (mostly saccharolytic, some nonsaccharolytic species, no gas 
formation from sugars)
Chemoorganotrophs (facultative chemolithotrophs rare)
Catalase positive
Growth with acetate as sole carbon source, most nonfastidious, few require growth 
factors
NO3 reduced to NO2 or molecular N2
Many species accumulate poly-|3-hydroxybutyrate (PBHB)
Some species produce pigments
Indole negative

58 - 70 mol% G + C



Pseudomonas aerueinosa BiofiIm

Bacteria stick tenaciously to any surface in a liquid or aqueous environment [20]. 

They do so by means of a mass of tangled fibers of polysaccharides, or branching sugar 

molecules, that extend from the bacterial surface and form a feltlike “glycocalyx” 

surrounding an individual cell or a colony of cells [20]. The bacterial glycocalyx can be 

defined as those structures, of bacterial origin, that contain polysaccharides and are lying 

outside the integral elements of the outer membrane of Gram-negative cells and the 

peptidoglycan of Gram-positive cells [16]. Pseudomonas aeruginosa produces a thick 

flexible peripheral capsular glycocalyx [16]. The precise chemical nature of the 

glycocalyx varies with the sugar composition of the fibers [16] and, therefore, it differs 

from cell to cell and probably also at different stages in the life of the individual cell.

The exopolysaccharide secreted by Pseudomonas aeruginosa is composed of 

alginate [15]. Linker and Jones, in 1966, were the first ones to report the production of 

alginate in Pseudomonas aeruginosa [21]. Alginate is a linear copolymer of (3-1,4-linked 

D-mannuronic acid and its C-5 epimer L-guluronic acid [14].
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BIOFILM GROWTH PROCEDURES

Growth Chamber Design

The growth chamber is a cylindrical, straight sided glass beaker that was modified 

slightly in the glass blowing shop at Montana State University. The modification was the 

addition of a glass overflow nozzle that was set to be just above the level of the growth 

solution in which the biofilms were formed. A second, thin walled polycarbonate 

cylinder was made that would slip into the glass cylinder but would have a snug fit to the 

inner wall of the glass cylinder. Slots were cut into the polycarbonate cylinder to support 

the slides upon which the biofilms were grown. Eight such slides could be inserted in the 

growth chamber in this arrangement which gave sufficient biofilms to have four controls 

and four "experimentals" with each experimental run.

The growth chamber was connected to two peristaltic pumps with peristaltic 

pump heads. The growth chamber was magnetically stirred and was connected to the 

nutrients, buffer and dilution water by MasterFlex tubing. Dilution water was stored in a 

plastic garbage can which was continuously suffused with air by using a fish aquarium 

oxygen pump.
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Equipment

The equipment used for growing the biofilm is specified in the following table. 

Table 2: Equipment List.

Equipment Manufacturer Model # Qt.

Growth Chamber MSU I

Peristaltic Pump Cole - Parmer Instrument Co. MasterFlex Model 7553-70; 6-600 RPM I

Peristaltic Pump Cole - Parmer Instrument Co. MasterFlex Model 7553-80; 1-100 RPM I

Pump Head Cole - Parmer Instrument Co. MasterFlex Model 7016-20 I

Pump Head Cole - Parmer Instrument Co. MasterFlex Model 7014-20 2

Stirrer Fisher Scientific I

Tubing MasterFlex

Garbage Can Rubbermaid 34 gal. I

Air Pump Rolf C. Hagen Corp. 
Mansfield, MA 02048

Model Elite 802 I

\
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Materials and Methods

The material and methods used for growing the biofilm in all the experiments 

presented in this work are specified in the following two tables.

Growth Media

Table 3: Nutrients and Chemicals List.

CATEGORY SOURCE COMPONENT AMOUNT

Buffer Fisher Biotech, Fisher Chemical, 
Fair Lawn, NJ 07410

NaF^PO^ 13.63 g/1

Buffer Fisher Biotech, Fisher Chemical, 
Fair Lawn, NJ 07410

KH2PO4 6.56 g/1

Substrate Fisher Biotech, Fisher Chemical, 
Fair Lawn, NJ 07410

KNO3 0.43 g/1

Substrate Aldrich Chemical Co., Inc. 
Milwaukee, WI 53233

MgSO4 =^H2O • 0.032 g/1

Substrate J.T. Baker Chemical Co. 
St. Louis, MO 63178

CaCO3 0.032 g/1

Substrate Sigma Chemical Co. 
St Louis, MO 63178

Glucose 0.64 g/1

Trace Elements Sigma Chemical Co. 
S t Louis, MO 63178

(HOCOCH2)3N 1.28 g/1

Trace Elements J.T. Baker Chemical Co. 
St Louis, MO 63178

(NH4)6Mo7O24MH2O 8.96 mg/1

Trace Elements J.T. Baker Chemical Co. 
S t Louis, MO 63178

ZnSO4MH2O 0.91 g/1

Trace Elements Sigma Chemical Co. 
St. Louis, MO 63178

M nS04 *H20 72.96 mg/1

Trace Elements J.T. Baker Chemical Co. 
S t Louis, MO 63178

CuSO4 MH2O 17.92 mg/1

Trace Elements J.T. Baker Chemical Co. 
St. Louis, MO 63178

Na2B4O7* IOH2O 8.96 mg/1

Trace Elements J.T. Baker Chemical Co. 
S t Louis, MO 63178

Co(N 0 3)2*6H20 10.7 mg/1 .

Trace Elements Fisher Biotech, Fisher Chemical, 
Fair Lawn, NJ 07410

FeS04 *7H20 1.018 g/1



Methods

A strain of Pseudomonas aeruginosa (maintained in the Montana State 

University-Bozeman (MSU) Center for Biofilm Research as ERC-1) was used for these 

experiments. The bacteria was allowed to colonize polycarbonate slides within a growth 

chamber (described above) for 3 days, forming a biofilm. The procedure is described 

below:

Table 4: Procedure

Procedure

Day I A sterile growth chamber, filled with buffered distilled water, 20 mg/1 of 

glucose and various trace minerals (listed under materials) is inoculated 

with a I ml of frozen Pseudomonas aeruginosa culture. This "batch phase" 

continues for 24 hours with constant stirring.

Day 2 24 hours after inoculation, buffer, substrate and dilution water are fed 

continuously into the reactor at a dilution rate of 30:1 .

Day 3 Make sure the dilution water is flowing.

Day 4 Make sure the dilution water is flowing.

Day 5 After approximately 72 hours' growth, the polycarbonate slides, with the 

attached bacterial biofilm, are transferred aseptically to the reaction 

chambers for the DC electrical current experiments.
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Figure 2: The growth chamber station.
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ANTIBIOTICS

Tobramycin

Tobramycin is an antibiotic of the aminoglycosides family. Its origin is from 

Streptomyses tenebrarius ATCC 17920 and it was first reported produced in 1967. The 

chemical formula is 0-3-Amino-3-deoxy-a-D-glucopy-.ranosyl-(I; C - 46.24%, H - 

7.98%, N - 14.98%, O - 30.80%. It is a single factor antibiotic that consists of about 10% 

nebramycin, the aminoglycosidic antibiotic complex produced by Streptomyces 

tenebrarius [22].

Figure 3: Tobramycin [22].
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DC ELECTRIC FIELD AND BACTERIAL BIOFILM

Reaction Chamber Design

The reaction chamber went through several designs until all experimental 

parameters were met.

1. Design I: The reaction chambers were built from FisherBrand five-slide, fifty-gauge 

polyprolylene slide transporter boxes ( 3 x 1  in. [ca.8 x 3 cm]; Fisher Scientific). To 

create a pathway for the nutrient flow through the chamber in a left-to-right horizontal 

direction, holes Were drilled on either end of the box with a 1/8-in. (ca.0.3175 cm) 

drill. The hole on the left end of the box (influent) was drilled near the bottom of the 

chamber in the center, and the hole on the right end of the box (effluent) was drilled 

near the top of the chamber in the center. The larger ends of two connectors (1/16 x 

3/32 in. [ca. 0.16 x 0.239 cm]) were cut at the groove, inserted into the holes 

previously drilled, and fastened in place with silicone adhesive. Number 22-gauge, 

platinum wire electrodes were placed at either end of the chamber (inside the 

chamber). Notches were cut in the end of the chamber, allowing the electrodes to 

project from the chamber. A small strip of scotch tape was placed on the top edge of 

the chamber to help stabilize the electrodes.

2. Design II: The reaction chambers were the same ones from design I, but the 

electrodes were made from stainless steel 22-gauge wire.



3. Design III: The reaction chambers were rectangular boxes consisting of polycarbonate 

top (10.3 x 2.8 x 0.5 cm), bottom (10.3 x 2.8 x 0.5 cm), front (10.3 x 3.4x 0.5 cm) and 

back (10.3 x 3.4 x 0.5 cm) slabs, and the sides slabs made of stainless steel. The 

stainless steel sides had three machined grooves for supporting the slides in place.

The bottom, front, back and side slabs were joined together by stainless steel screws. 

The top slab served as a cover and was held in place by two stainless steel, one sided 

thread pins placed at opposite ends on each side of the plate. The stainless steel sides 

served as plate electrodes. Two plug-in connectors were attached, one to each plate, in 

order for the plate electrodes to be connected to the electrical circuit. Each stainless 

steel side plate had two fluid flow connectors attached to it. The upper one (0.5 cm 

outside diameter) for effluent flow and the lower one (0.2 cm outside diameter) for 

the affluent flow. Side plates were interchangeable.

4. Design IV: The reaction chambers were similar to Design III, but the side plates were 

made of polycarbonate and the electrodes were made from stainless steel 22-gauge 

wire. These reaction chambers were made of polycarbonate slabs measuring 10.3 x 

3.4 x 0.5 cm. The stainless steel 22-gauge wire projected from the side of the box in 

order that they could be attached to the electronic circuit by allegaitor clips. The lid 

was also modified in order to secure it to the box by four screws, one on each comer 

of the box. The side plates had only one fluid flow connector, either the affluent small 

port (0.2 cm outside diameter) or the effluent larger one (0.5 cm outside diameter).

15



5. Design V: The reaction chambers were machined from a solid, rectangular block of 

polycarbonate with outside dimensions of 20 x 40 x 84 millimeters. An end mill was 

used to remove the material in a volume measuring 16 x 34 x 70.5 millimeters 

(approximately 38 cm ) as shown in figure 4. The fluid flow connectors are also 

shown in the figure. A 34 x 88 millimeter, rectangular piece of polycarbonate, 5.7 

millimeters thick, was used to form the lid for each reactor chamber. The lid was 

made this thick in order to give solid support to the 22-gauge stainless steel wires that 

formed the electrical contacts to the liquid in the chamber. Two holes were drilled 

through the lid, one at each end, such that the 22-gauge wire would easily push 

through the holes and extend down into the exposure chamber. The diameter of the 

holes was chosen so the wires would fit snugly in the holes. To further prevent 

leakage around the electrodes, a thin sheet of sterilised soft rubber was placed under 

the entire bottom side of the lid (e.g. a rubber sealing gasket) and the electrodes were 

pushed through the rubber at the start of each experiment. The holes for the electrodes 

were positioned so that the electrodes extended down the distal end of the grooves 

that held the biofilm substratum centered and upright in the reaction chamber. The 

wire electrodes were cut to a length that exposed 32 millimeters of electrode in the 

chamber (e.g. extending from the lid to near the bottom of the chamber), plus 

approximately three centimeters of wire extending outside the box for the purpose of 

connecting the electrode to the power supply circuit. A sterile rubber gasket was fitted 

to the entire under-surface of the reaction chamber lid, and the lid was then fastened

16



to the chamber with six screws equally spaced along the long sides of the chamber 

(three on each side).

6. Design VI: The reaction chambers were the same as Design V, but two of them were 

connected in series.

The following table will summarize the design reaction chambers, and electrode’s 

material.

17

Table 5: Different stages of the reaction chamber design.

Design # Box Type Electrode Type Electrode Material

I Single Wire Platinum
II Single Wire Stainless Steel
III Single Plates Stainless Steel
IV Single Wire Stainless Steel
V Single Wire Stainless Steel
VI Double Wire Stainless Steel

The following table will summarize the physical parameters of the different 

reaction chambers.

Table 6: Physical dimensions of the different reaction chamber models.
Design # Lenght

(mm)
Width
(mm)

Depth
(mm)

Volume
(ml3)

External Internal External Internal External Internal
I 81 78 18 14.? 30 27.5 23

III 103 77 27.5 15 45 34 33
IV 103 77 27 16 45 34 36
V 83 71 29 16 48 34 34
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Figure 4: Reaction chamber.
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Equipment

The equipment used in all the dc-current experiments described in this work is 

specified in the following table.

Table 7: Equipment used in the experiments.
Equipment Manufacturer Model # Qt.
Ammeter John Fluke Manufacturing 

Co., Inc. Everett, WA
Digital Multimeter Model 8000A I

Keithley Instruments, Inc. . 
Cleveland, Ohio 4413 9

Digital Multimeter Model 169 2

Nilsson Electronic Labs, Inc. 
New York, NY

Analog Ammeter Model Weston 
901

I

John Fluke Manufacturing 
Co., Inc. Everett, WA

Digital Multimeter Model 8012B I

Power Source Hewlett HP Packard Model 6216A 3

Hewlett HP Packard Model 6217A I

Sorensen Q Norbatron Model QRB30-1 I

Peristaltic Pump ' Cole - Parmer Instrument Co. MasterFlex Model # 7553-80 1- 
100 RPM

2

Pump Head Cole - Parmer Instrument Co. MasterFlex Model 7013-20 7

Tubing

Controller 5

Vortex Scientific Industries Inc., ■ 
Bohemia, NY 11716

Genie 2 Model G-560 I

Pipette Rainin edp 2 I

Pipette Gilson Pipetman Model P 1000 I
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Materials and Methods

The materials and methods used in all the dc-current experiments described in this 

work are specified in the !blowing two tables.

Material

Table 8: Nutrients and Chemical list.
CATEGORY SOURCE COMPONENT AMOUNT

Buffer Fisher Biotech, Fisher Chemical, 
Fair Lawn, NJ 07410

NaH2PO4 13.63 g/1

Buffer Fisher Biotech, Fisher Chemical, 
Fair Lawn, NJ 07410

KH2PO4 6.56 g/1

Substrate Fisher Biotech, Fisher Chemical, 
Fair Lawn, NJ 07410

KNO3 0.43 g/1

Substrate Aldrich Chemical Co., Inc. 
-Milwaukee, WI 53233

M gS04 *7H20 0.032 g/1

Substrate J.T. Baker Chemical Co. 
St. Louis, MO 63178

CaCO3 0.032 g/1

Substrate Sigma Chemical Co. 
St. Louis, MO 63178

Glucose 0.64 g/1

Trace Elements Sigma Chemical Co. 
St. Louis, MO 63178

(HOCOCH2)3N 1.28 g/1

Trace Elements J.T. Baker Chemical Co. 
St. Louis, MO 63178

(NH4)gMo20 24*4H20 8.96 mg/1

Trace Elements J.T. Baker Chemical Co. 
St. Louis, MO 63178

ZnSO4 *7H20 0.91 g/1

Trace Elements Sigma Chemical Co. 
St. Louis, MO 63178

MnSO4ileH2O 72.96 mg/1

Trace Elements J.T. Baker Chemical Co. 
S t Louis, MO 63178

CuS 0 4 *5H20 17.92 mg/1

Trace Elements J.T. Baker Chemical Co. 
St. Louis, MO 63178

Na2B4O2* IOH2O 8.96 mg/1

Trace Elements J.T. Baker Chemical Co. 
St. Louis, MO 63178

Co(N 0 3)2 *6H20 10.7 mg/1

Trace Elements Fisher Biotech, Fisher Chemical, 
Fair Lawn, NJ 07410

FeSQ4*7H20 1,018 g/1 '•

Antibiotic APOTHECON 
Bristol-Myers Squibb Co., 
Princeton, NJ 0854

Tobramycin 5 mg/1
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Methods

Table 9: Procedure for the experimental part.

Procedure

Day 4 !Nutrients are prepared in IUUU ml llasks and autoclaved. Tubing and connectors are 
autoclaved. They are left overnight to cool.

Day 5 Slides are placed in their respective reaction chamber. There are 8 slides.

The biofilm on one slide is scraped from the polycarbonate slide into a sterile beaker and 9 ml 
of sterile buffer solution is added. An additional I ml is added to the beaker after the first 9 ml 
with the biofilm in it has been poured back into the test tube. This extra I ml will rinse any 
biofilm left in the beaker and it will be added to the test tube. 8, IOx dilutions are made and 
plated into petri-dishes using a Ranin pipette. Plates are incubated at 3 5 0C for 17 to 18 hours 
and counted. This count is referred to as the "original count". Tobramycin in concentration o f  
5 mg/1 is added to the original biofilm dilution and placed in a stirring water bath for 24 hours.

Before the transfer o f  the slides, the salts, glucose and the antibiotic (when it is called for in 
the experiment), has been added to the nutrient flask in a sterile procedure using sterile 
syringes, needles and syringe filters. The tubing is connected to the flasks and the reactions 
chambers through peristaltic pumps to aid in the nutrients flow. The nutrients are allowed to 
flow in order to fill the reaction chambers. Once the reaction chambers are full, the transfer o f  
the slides can occur. The slides are transferred using sterile techniques. Currents are set at the 
desired setting and the slides are left in the chamber for 24 hours.

Day 6 After 24 hours in the experimental chambers, the slides are retrieved one at a time. The biofilm 
from each slide is scraped using sterile procedures into a sterile beaker using tweezers and a 
stainless steel spatula. Serial dilutions are performed on the suspended cells up to I x 10'^ 
dilutions and plated using the Ranin pipette.

The plantonic culture with antibiotic is also diluted and plated.

The petri-dishes are placed in an incubators at 35°C for 17 to 18 hours.

The original count is counted and recorded.

Day 7 Plates are read and recorded.
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Experiments Design

The experiments were conducted in a series of six groups. All the procedures, 

nutrients, buffer and antibiotic quantities were kept constant. The only variation in each 

set is the one noted for the group. These groups are:

Dose response: In this set of experiments, the biofilm was subjected to different values of

DC current in order to demonstrate a current dose response. We conducted this set of 

experiments in the presence of antibiotics and in its absence.

Table 10 : Dose response experiments using antibiotics and box VI.
Current (mA) Experiment # Qt.

0 30, 32, 34,35,36,37 6
•25 34, 47, 49 3
.5 30, 34,35 3

.75 34, 47,49 3
I 32, 34, 36, 39 4

1.5 30 I
2 32,37 38 3
3 32, 37, 38 3

Table 11: Dose response experiments without antibiotics and box VI.

Current (mA) Experiment # Qt.
0 30, 32, 34, 35, 36 5
.5 30,35 2
I 30,35,36 3

1.5 30,35,36 3
2 32, 34, 36 3
3 32,35,36,37 4



Polarity : Polarity of the current with respect to the nutrient flow. In this set of 

experiments, all the parameters were kept constant including the antibiotic. The only 

parameter that changed was the positioning of the positive and negative electrode with 

respect to the nutrient flow.

Table 12: Polarity of the current with respect to the nutrient flow.

Polarity Experiment # Qt.
Up Stream 39,37,38, 19, 25-29, 17, 24 12

Down Stream 39,37,38, 19, 25-29, 18 11

Slide substratum orientation: In this set of experiments, all parameters were kept.constant

with the exception of the slide orientation and the type of electrodes used. 

Table 13: Slide orientation.

Slide Location Electrode Type Experiment # Qt.
Straight Wire 15, 17, 24, 25, 26, 29 6
Straight Plate 11, 13, 12 3

Diagonal Wire 15, 17 2
Diagonal Plate 20,21,22 3

Serial chamber configuration: In this set of experiments, we used two reaction chambers 

connected in series. The electrodes were placed in the first reaction chamber, and the 

slide with the biofilm was placed in the second one. The experiments were conducted 

both in the up stream and down stream modes. All other parameters were kept constant. 

Table 14: Serial chamber.

Polarity Experiment # Q t
Up Stream 25, 26, 27, 28, 29 5

Down Stream 25, 26, 27, 28, 29 5
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E-Field exposure: The electrodes were placed outside the reaction chamber. They were 

held to the reaction chamber by scotch tape. The experiments were conducted both in the 

up stream and down stream modes. All other parameters were kept constant.

Table 15: E-Field/Polarity, 5 V.

Polarity Experiment # Q t
Up Stream. 19 I

Down Stream 19 I

Table 16: E-Field/Dose response.

Volts Experiment # Q t
5.4 , 19 I
10.8 19 I

Buffer concentration: The concentration of buffer salts were changed in order to obtain a

dose response with and without antibiotics.

Table 17: Buffer concentration with antibiotics and 2 mA.

Buffer Concentration Experiment # Q t
.5 B 47 I
RB 32 ,37 ,38 3

L IB . 40 I
2 B 44. 50 2
3 B 50 I
4 B 48, 48, 50 3

'S B 41,49,49 3



Table 18: Buffer concentration with antibiotics and 0 mA.
25

Buffer Concentration I Experiment # Q t
.SB 47 I
RB 30, 32, 34, 35, 36, 37 . 6

1.1 B 40 I
2 B 44 I
3 B 50 I
4 B 47 I
SB 41 I

Table 19: Buffer concentration without antibiotics and 0 mA.

Buffer Concentration Experiment # Q t

RB 30, 32, 34, 35, 36 5
1.1 B 40 I
2 B . 44 I
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DC Circuit Design

The circuit design consisted of a dc power supply, an ammeter in series with the 

reaction chamber, a current controller for a more accurate delivery of the proper current, 

the reaction chamber and a voltmeter in parallel to it. All dc circuits were as shown in the 

following figure.

DC
Pow er T 1 
Supply

Current
Controler

Exposure
Chamber

W asteNutrients

Figure 5: DC Circuit design.
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AC ELECTRIC FIELD AND BACTERIAL BIOFILM

Equipment

The equipment used in all the ac-current experiments described in this work are 

specified in the following table.

Table 20: AC experiments. Equipment list.
Equipment Manufacturer ' Model # Qt.

Solenoid MSU I

Multimeter John Fluke Manufacturing 
Co., Inc. Everett, WA

Digital Multimeter Model 1000 I

Oscilloscope" Tektronix Corp. 
Portland, OR

Tektronix 2220 60 MHz, Digital 
Storage

I

Function Generator Beckman Industrial Corp. 
630 Puente St.
Brea, CA 92621

Circuitmate FG-2 I

Universal Counter Beckman Industrial Corp. 
630 Puente St.
Brea, CA 92621

Circuitmate UC-10 I

Digital Magnetometer Schonsteadt Instrument Co. 
Reston, VA

Model DM 2220-S5 I

Peristaltic Pump Cole - Parmer Instrument Co. MasterFlex Model # 7553-80 1- 
100RPM

Pump Head Cole - Parmer Instrument Co. MasterFlex Model 7013-20

Tubing

Vortex Scientific Industries Inc., 
Bohemia, NY 11716

Genie 2 Model G-560 I

Pipette Rainin edp 2 I

Pipette Gilson Pipetman Model P 1000 I



Materials and Methods

The materials used in all the ac-field experiments are the same as the materials 

used for the dc-field experiments described in table 8.

The method used for the ac experiments is similar to the one used in the dc 

experiments, and it is described in table 9, but in this case the current is induced using 

either ac or direct connected techniques.

Experiments Design

The experiments were conducted in a series of two groups. All the procedures, 

nutrients, buffer and antibiotic quantities were kept constant. The only variation in each 

set is the one noted for the group. These groups are:

1. AC-Coupled: A cylindrical solenoid was fabricated in the Montana State University 

material shop to our specifications. It was made of PVC pipe (110.2 mm outside 

diameter and 100.1 mm internal diameter) and twenty ttims of varnish coated 

magnetic wire were placed in the middle section of the pipe. The wire was soldered to 

two connectors for easy connection to the system. The reaction chamber was placed 

in the center of the cylindrical solenoid. The.chamber was kept in place by affixing it 

to a polycarbonate semicircle that was machined to fit in the center of the solenoid.

2. Direct-Connected: The reaction chamber was connected to the function generator by 

the wire electrodes.
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AC Circuit Design

AC-Coupled
UNIVERSAL
COUNTER

NUTRIENTS WASTE

Figure 6: AC-Coupled circuit design.
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Direct-Connected

UNIVERSAL
COUNTER

FUNCTION
GENERATOR OSCILLOSCOPE

PUMP.

NUTRIENTS REACTION CHAMBER WASTE

Figure 7: Direct connected circuit design
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RESULTS

DC EXPERIMENTS

All experiments described in this thesis were conducted under standard conditions 

as stated under the following table unless it is noted otherwise.

Table 21: DC experiments. Standard conditions

Electrode material Stainless steel
Electrode type Wire
Electrode location Inside chamber
Antibiotics Tobramycin
Antibiotic concentration 5 mg/1
Polarity Up stream
Slide location Straight
Nutrient flow Up stream

Up Stream

Nutrients in
Lateral view Cross section

Figure 8: Standard reaction chamber set up.



Electrode Material
32

This set of experiments show that the material of the electrodes is not an issue in 

obtaining the increased killing of the bacterial biofilm. A series of experiments were 

conducted in order to compare the effect using platinum electrodes and the effect using 

stainless steel electrodes.

Table 22: Electrode material results.

PLATINUM STAINLESS STEEL

STRAIGHT DIAGONAL STRAIGHT DIAGONAL
log (E/PC) 5.95 2.12 5.05 2.74

NOTE: E: Experiment and PC: Positive Control



Dose Response With Antibiotics

Dose response with antibiotic experiments were performed at several different 

stages of the research. They were done using different models of the reaction chamber, 

but all of them showed a very marked dose response to different current intensities. These 

experiments were conducted using 5 mg/1 of Tobramycin, up stream polarity and our 

standard equipment set up unless otherwise indicated.

The series of tables and graphs below show that starting at 2 mA, the killing of 

the bacterial biofilm is complete. This reduction is of 6 logs of magnitude. This result has 

been so constant throughout all our experiments that it became one of our standards in the 

analyzing of the date.

Table 23: Dose response summary of results with box I and platinum-wire electrodes.

.5 mA I mA 5 mA 7.5 mA

Mean log (E/PC) 2.56 6.03 6.28 6.53

Table 24: Dose response summary of results with box IV and SS-wire electrodes.

.5 mA I mA 1.5 mA 2 mA

Mean log (E/PC) 1.28 3.61 3.56 5.58

Table 25: Dose response summary of results with box V II, SS-wire electrodes and 
current controller.

0 mA .25 mA .5 mA .75 mA I mA 1.5 mA 2 mA 3 mA

Mean log 
(E/PC)

1.20 2.18 1.61 3.52 4.10 3.56 6.05 5.88
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Figure 9: Dose response with antibiotic curve.



Dose Response Without Antibiotics

These series of experiments show an interesting “bump” at around 2 mA. The 

killing of the bacterial biofilm stays low in the absence of antibiotics but at 2 mA there is 

a sudden increase in the killing. This increase suggests that at that current intensity there 

is a total electric effect in the biofilm that causes about a one log reduction of the 

resistance of the bacterial biofilm to be killed.
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Table 26 : Dose response summary of results with box II and SS-plate electrodes.
I mA 2 mA 4 mA

Mean log (EZPC) 0.88 5.13 0.10

Table 27: Dose response summary of results with box IV and SS-wire electrodes.
I mA 2 mA 4 mA

Mean log (EZPC) -0.03 0.33 2.67

Table 28: Dose response summary of results with box VII and SS-wire electrodes.
0 mA .5 mA I mA 1.5 mA 2 mA 3 mA

M ean log  
(EZPC)

0 .0 0 0 .0 3 -0 .1 8 1.11 1.72 1 .0 8
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Polarity

This set of experiments was designed to investigate the possibility of the 

production of antimicrobial chemicals at the positive electrode which might travel in the 

same direction as the flow of nutrients. As can be observed in the following tables, there 

is no statistical difference in the increased kill of the bacterial biofilm.

All these experiments were conducted using our standard 5 mg/1 of Tobramycin 

and all other parameters were kept constant unless otherwise stated.

Table 29: Results of polarity experiments using box model IV, I mA, wire- S.S. 
electrodes. For detailed data see Appendix B.

■; UP STREAM DOWN STREAM
Mean log (E/PC) 5.05 4.63

Table 30: Results of polarity experiments using box model VII, wire-S.S. electrodes.
I mA 2 mA 3 mA

UP
STREAM

DOWN
STREAM

UP
STREAM

DOWN
STREAM

UP
STREAM

DOWN
STREAM

Mean log 
(E/PC)

6.17 6.17 5.98 4.93 6.02 6.10
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Up Stream

Nutrients in
Lateral view Cross section

Down Stream
♦

Nutrients in
Lateral view Cross section

Figure 11: Polarity set up.



Slide Location

These experiments came to be serendipitous. After the tremendous success of our 

first box model, we designed a more sturdy model with stainless steel plates as 

electrodes. The idea was to have a more uniform field between the electrodes. The results, 

as shown in table 32, were quite different that the ones obtained with our previous box 

model and wire electrodes (see table 23).

A series of four experimental sets were conducted in order to investigate the 

effect. In the first set, wire electrode were used and the coupon was in the “straight” 

position as shown in the bottom figure in figure 12. In this case the experiment showed 

total kill. In the second set, wire electrode were also used but in this case the coupon was 

in the “diagonal” position as shown in the upper figure in figure 12. This case showed a 

reduce effect in the killing (see tables 33 and 34). The third set consisted of stainless steel 

plate electrodes and the coupon was placed in the “straight” position. These experiments 

showed that the bacterial kill was significantly smaller (see table 31) than the fourth set of 

experiments, in which the same plates were used but the coupon was in the “diagonal” 

position (see table 32).

Table 31: Summary using box II, SS-plates electrodes with the slide in the straight 
position.

I inA 3 mA
Mean log (E/PC) 1.64 0.99
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Table 32: Summary using box II, SS-plates electrodes with the slide in the diagonal 
position.

I mA 2 mA 4 mA
Mean log (E/PC) 0.88 5.13 0.1

Table 33: Summary of results using box III, platinum-wire electrodes with the slide in the 
straight and diagonal position. Current, I mA.

STRAIGHT DIAGONAL
Meaii log (E/PC) 5.95 2.12

Table 34: Summary of results using box IV, SS-wire electrodes with the slide in the 
straight and diagonal position. Current, I mA.

STRAIGHT DIAGONAL
Mean log (E/PC) 5.05 2.74

Top View

Nutrients in
Diagonal

Top View

+

Nutrients in
Straight

Figure 12: Slide location for the “Diagonal” setup (top) and for the “Straight” setup 
(bottom).



Serial Chambers

These experiments were designed in order to investigate the possibility of a 

pretreatment of the antibiotic. The hypothesis was that the electrical current may change 

the polarity of the antibiotic making it able to penetrate the polysaccharide matrix and kill 

the bacteria inside the biofilm.

The experimental set up was two reaction chambers in series with the wire 

electrodes placed in the standard position in the first box and the coupon with the 

bacterial biofilm in the second chamber (see figure 13). The nutrient solution, with the 

antibiotic, was allowed to flow in the standard direction through first chamber then into 

the second.

As shown in the table below, the experiments did not show a highly increased 

killing of the bacterial biofilm in either polarity.

Table 35: Summary of results using box VI, SS-wire electrodes with the slide in the 
straight position. Current, 2 mA

UP STREAM DOWN STREAM
Mean log (E/PC) 1.71 1.79
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Up Stream

+

Nutrients in Nutrients inLateral view Lateral view

Down Stream

+

Nutrients in Nutrients in
Lateral view Lateral view

Figure 13: Serial reaction chamber set up.

I

I



E-Field

These experiments were designed to investigate the possibility of the bacterial 

biofilm being killed by the electrical field alone. The results (see table 35 and 36) show 

that it is not probable that the E-field causes the enhanced killing in the presence of 

antibiotics.

The electrical field was obtained by placing the electrodes outside the box ends 

and held in place with scotch tape (see Figure 14).

Table 36: Summary using box IV, SS-wire electrodes, antibiotics and the slide in the 
straight position. Up stream polarity.

5.4 V 10.8 V
Mean log (E/PC) 1.71 1.79 I

Table 37: Summary using box V, SS-wire electrodes, antibiotics and the slide in the 
straight position. Voltage: 5 V.

UP STREAM D O W N  S T R E A M
Mean log (E/PC) 1.36 0.78



E- Fields

Lateral view Cross section

Figure 14: E-Field experiments set up.
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Buffer Concentrations

In this series of experiments the salt concentration in the buffer was varied as

noted for each experiment. All other parameters were kept constant.

Table 38: Buffer concentrations results: antibiotics and a current of 2 mA.
.S B RB 1.1 B 2 B 3 B 4 B S B

log (EZPC) 5.66 6.05 3.85 3.65 6.44 0.32 2.00

Table 39: Buffer concentrations results: antibiotics and no current.
.S B RB 1.1 B 2 B 4 B S B

Iog(EZPC) 0.83 1.10 3.11 1.38 1.33 0.93

Table 40: Buffer concentrations results: no antibiotics and no current.
RB 1.1 B 2 B

log (EZPC) 0.00 -0.56 0.61

n il

It was found that in those experiments done with antibiotics, a current of 2 mA, 

and regular buffer concentration, the pH would go down to a value of 4 when the 

experiments were conducted with the positive electrode up stream. If they were 

conducted with the positive electrode down stream, then the pH would go up to a value of

11.



In order to investigate this effect, experiments were conducted with a nutrient

solution whose pH was changed to 9 and to 4.25. The results are shown in the following 

tables.
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Table 41: pH 9.

Anti/No Field AntiZFieId - 2 mA AntiZFieId - .5 mA No AntiZNo Field
log (EZPC) 1.49 5 2 I

Table 42: pH 4.25.

AntiZNo Field No AntiZNo Field

log (EZPC) -0.51 I

A series of experiments were designed in order to investigate if the decrease or 

increase of the pH was due to the electrical current or it was due to the biological part of 

the experiments. The same experiments were conducted, but the biofilm was not 

introduced into the system. The results are shown in the following table.

Table 43: pH measurements with regular buffer and no b io film

ORIGINAL AntiZNo Field AntiZ Field - 2 mA

6.8 6.8 4

Table 44: pH measurements with five times the regular buffer concentration (SB) and no 
biofilm.

ORIGINAL AntiZNo Field AntiZ Field - 2 mA

7.1 7.1 6.4



AC EXPERIMENTS

AC-CoupIed

These experiments were designed to investigate the possibility of inducing the
I

current through the bacterial biofilm using magnetic fields. A solenoid was used in order 

to induce the current through the system. The reaction chamber was placed in the center 

on the coils and all other parameters were kept constant unless otherwise noted.

The table below shows that at 40 mV there was an increased in the killing of the 

bacterial biofilm.

Table 45: Summary using box I, solenoid field and a frequency of 24 MHz.
TO mV 40 mV 80 mV 100 mV 300 mV

Mean log (E/PC) 0.63 1.87 1.13 -0.31 0.59

Direct-Connected

Table 46: Summary using box I, direct connected and a frequency of 20 MHz.
I mA 3 mA

Mean log (E/PC) 1.52 0.31
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DISCUSSION

Literature Review

The study of the effect of a DC electrical current through a biofilm, in the 

presence of an antimicrobial agent, started with a study done by Dr. Costerton’s group in 

the University of Calgary, Calgary, Alberta, Canada.

Their first paper published in July of 1992 described their investigation using a 

DC electrical current in the presence of an antibiotic. They used a modified Robbins 

device (MRD) which was altered by incorporating a platinum wire electrode at the base 

of the device (to be used as one of the electrodes) while the other electrode was the 

, stainless steel sample stud. The electric field used was 1.5 V/cm and a current density of 

15 pA/cm2. The polarity was changed every 64 seconds, so that the electrodes alternated 

as anode and cathode. They used four different types of organisms: Pseudomonas 

aeruginosa, Escherichia coli, Staphylococcus epidermis, and Candida albicans. The 

antimicrobial agents used were Tobramycin, Ciprofloxacin and Cycloheximide. They 

reported a total kill of P. aeruginosa in the presence of antibiotics (at 8 MIC) and a dc 

field after 12 hours of exposure [11].

Their second paper, published in November 1992, described their study using the 

modified Robbins device (MRD) and an electric field (12 V/cm) with a current density of 

2.1 mA/cm . The polarity was altered every 64 seconds. In this series of experiments they 

used Kathon, Quaternary Ammonium Compounds and Glutaraldehyde as biocides. They



showed approximately a 4 log bacterial reduction using current and glutaraldehyde and a 

5 log reduction in the presence of quaternary ammonium compounds [10].

Costerton’s third paper, published in December 1994, described their work using 

a newly designed chamber. They worked with Tobramycin. The flow cell was composed 

of three stainless steel electrodes that allowed them to extend their study to ascertain if 

the effect was applicable to all electrode surfaces and to material placed between the 

electrodes. They changed polarity every 64 seconds. Costerton et. al. reported a 6 log 

increase in killing in these experiments ,[23].

The fourth paper in this area of study was done by Jana Jass at the Department of 

Biological Sciences, Hatherly Laboratories, University of Exeter, Exeter, UK. Dr. Jass 

used an electrical colonization cell designed by her group for these experiments. They 

designed this chamber for the precise purpose that the biofilm was formed on a surface 

away from the electrodes, in order to avoid electrochemical and mechanical disturbances, 

but with the biofilm staying in the path of the electrical current. They used two parallel 

5.31 cm2 circular stainless steel plate electrodes. Dr. Jass used several dc electrical 

current densities in her experiments, but all of them were done changing polarity every 32 

seconds. They reported only I log of increased killing [12].

The following table summarizes their results. The summary includes only the data 

using P. aeruginosa and, with the exception of the second paper which used 

glutaraldehyde as an antimicrobial agent, the rest used Tobramycin as the antibiotic.
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Table 47: Comparison between a summary from the four papers that preceded the work 
m our laboratories and the work done in our laboratories. CFU (Colonies Forming Units).

Electrode
Material

Biofilm/ 
electrical 

current path

Current 
Density (J) 
(mA/cm2)

Frequency
(cycles/sec)

Anti. 
Cone. 
(mg/1).'

Time
(hours)

Decrease 
in CFU 

(log)
Costerton,

et.al.
S.S./Platinum Perpendicular 0.015 .0156 8 12 4.5

Costerton,
et.al.

S.S./Platinum Perpendicular 2.1 .0156 5 ppm 24 4

Costerton,
et.al.

S.S. Parallel 1.7 .0156 5 24 6

Jass, et.al. S.S. Perpendicular 9 .03125 10 24 ISI

S.S. Parallel .36 DC 5 24 6

Previous Mechanisms of Antimicrobial Resistance in Ttinfilins

There have been various suggestions as to the mechanisms responsible for the 

recalcitrance of bacterial biofilms towards chemical and antibiotic treatments. As we shall 

see, evidence exists to support the validity of each hypothesis. In view of the complexity 

of a biofilm consortium and the wide range of chemical entities, it is unlikely that any 

single mechanism underlies resistance. Rather, the processes may apply to differing 

extents according to the nature of the biofilm, its age and its locations as well as the 

chemical antimicrobial used.

Some hypotheses concentrate upon a role for the exopolysaccharide in moderating 

access of biocides to the sessile cells. Others suggest that the limited availability of key 

nutrients within the biofilm imposes a slowing of the specific growth rate and expression 

of phenotypes which are not typical of planktonic cells in the same medium. A third
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group suggests that reaction-diffusion interactions will inhibit the biocide action upon the 

biofilm.

Central to all of these hypotheses is the principle that attached cells within a 

biofilm differ significantly from their planktonic laboratory grown counterparts.

Nichols et. al. report that in a physiological buffer solution, tobramycin binds to 

alginate and to exopolysaccharides isolated from two mucoid strains of Pseudomonas 

aeruginosa and that the binding to alginate quantitatively accounts for the diffusion 

reported previously by Slack et. al. [24].

Kumon et. al. examined the role of exopolysaccharides as a barrier against 

antimicrobial penetration [25]. Their experiments showed that the penetration of the 

positively charged hydrophilic drugs, like aminoglycosides and polypeptides, was 

markedly inhibited by the exopolysaccharides tested. But the penetration of p-lactams, 

quinolones, and macrolides was not inhibited.

Other studies, however, have demonstrated that there is no difference in antibiotic 

susceptibilities between slime producing and non-slime producing bacteria. Gristina et. 

al. examined the susceptibility of S. .epidermis biofilms [26]. He did not observe any 

difference between the two strains, suggesting that the presence of slime was not of 

significance in antibiotic penetration. Similarly, Evans et.al. showed no difference in 

tobramycin control of intact and resuspended biofilms of E  coli [27]. But Evans et. al. 

also assessed the susceptibility towards the fluroquinolone antimicrobial ciprofloxacin of 

mucoid and non-mucoid strains of P. aeruginosa biofilm. In this set of experiments,



possession of a mucoid phenotype was associated with decreases in susceptibility which 

were no longer apparent when the biofilm cells were removed from the glycocalyx. These 

data suggest that ciprofloxacin interacts in some form with the exopolysaccharide [28].

The physiology of biofilm cells is extremely complex and is quite different from 

their planktonic forms [29]. Recent research has shown that the metabolic activity of the 

cells in a biofilm is controlled by the phenotypic expression of specific genes that are 

depressed by adhesion to the surface, by conditions at the surface, or by growth in the 

biofilm mode [14].

Biofilm bacteria live in microbial communities where the availability of nutrients 

and the concentrations of end products depend, in part, on the metabolic activity of 

adjacent cells. The restriction of the availability of certain essential nutrients is known to 

influence the physiology of bacterial pathogens which, in turn, can profoundly affect their 

susceptibilities to antibiotics [15].

Anwar et. al. have suggested a mechanism by which, when the biofilm is exposed 

to antibiotics, the planktonic and surface biofilm cells are quickly deactivated. These cells' 

are actively growing and are very susceptible to the antibiotic. The amount of antibiotic 

entering these cells is probably greater than the amount needed to inactivate them. This 

excess of antibiotics will probably be destroyed by antibiotic-degrading enzymes. This 

results in a significant decrease in the amount of antibiotic available to kill the biofilm 

cells that are embedded in the thick exopolysaccharide matrix. This exopolysaccharide is 

negatively charged and is known to function as an ion-exchange resin capable of binding



large numbers of antibiotic molecules. This will reduce the rate and number of antibiotic 

molecules that will reach the embedded biofilm cells, but the embedded biofilm cells are 

not actively engaged in cell division and are smaller in size. Slow growing cells are 

generally less susceptible to antibiotics. Under these circumstances, embedded biofilm 

cells may have sufficient time to switch on the expression of antibiotic-resistant factors 

like antibiotic-degrading enzymes [31] and, therefore, avoid the toxic effects of the 

antibiotic.

Much work has been done postulating the mechanisms already discussed, but it 

was not until the last few years that mathematical models have been proposed to elucidate 

the resistance to antimicrobial agents by bacterial cells in a biofilm. [31, 32, 33, 34, 35, 

36].

Stewart s study of these theoretical systems supported both mechanisms as 

possible explanations for the reduced susceptibilities of biofilms microorganisms to 

antimicrobial agents. If a reaction-diffusion mechanism is responsible for the decrease of 

antibiotic efficacy, then the efficacy of the antimicrobial agent will be influenced by the .

strength of its action as a disinfectant and by its reactivity with the microbial system.

z
There is one more paper that should be mentioned. Julia Vrany, in her Master of 

Science thesis, clearly showed that the biofilm provided very little transport limitation for 

the antibiotics. This suggests that reduced susceptibility may be due to other factors [37].



Proposed Theory of the Mechanism

I am proposing a two stage mechanism for the resistance of Pseudomonas 

aeruginosa biofilm to Tobramycin: The biofilm resistance in the exopolysaccharide 

matrix and the resistance at the bacteria's outer membrane surface level.

It has been shown that tobramycin does bind to the exopolysaccharide matrix of 

the biofilm. However, binding and consequent inhibition of diffusion cannot account for 

antibiotic resistance within the microcolonies and biofilm [38]. The viscosity and gel­

forming properties of alginate are determined largely by its affinity for divalent cations, 

particularly Ca2+ [39] and Mg2+, which control the degree of cross-linking.

Experiments have shown that in the absence of these cations the exopolysaccharide 

looses its viscosity and structure [15]. Therefore, the first phase of the bioelectric effect 

may be to break or cause holes to appear in the exopolysaccharide matrix by pulling those 

cations away from it and, just as a building crumbles when the infrastructure is taken 

away or badly damaged, the "cities" or microcolonies inside the biofilm will crumble and 

the cells will be exposed to the antibiotic.

The second phase happens at the bacteria’s membrane surface. It has been well 

documented that there is an antagonism of aminoglycosides by divalent cations [40, 41] 

Hancock proposed, in 1981, that the uptake and killing of the biofilm by aminoglycosides 

requires interaction with an Mg2+ binding site at the outer membrane [42]. In later work 

Hancock and coworkers suggested a pathway for antibiotics to penetrate the cells in
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which polycationic antibiotics interact with a site on the outer membrane at which Mg2+ 

noncovalently cross-bridges adjacent lipopolysaccharides molecules [43, 44]

Raulston et. al. concluded that magnesium protects cells if initially present in the 

environment [45]. There is also evidence that Mg2+ ions are involved in the K-Ca gating 

[46].

I am proposing that the exopolysaccharide matrix with plenty of Mg2+ ions does 

not allow the antibiotic to penetrate the cells because the Mg2+ is occupying the sites of 

penetration, but when the biofilm is treated with antibiotics and a DC current, the Mg2+ 

will be released and carried away from the cell membrane and the antibiotic can bind to 

and penetrate the membrane, thus destroying the cells.

The experiments conducted in our laboratories, and described in this thesis, show 

that there is a dose response with respect to the current passing through the biofilm. Our 

results show that at approximately a current density of 0.36 mA/cm2, in the presence of 

antibiotics, the biofilm is totally killed. In order to prove that the biofilm was actually 

killed and not just detached and carried away with the nutrient flow, the nutrients in the 

reaction chamber were plated and counted (see experiment # 39). They were compared to 

the standard plating of the biofilm on the coupon. The results were very similar, proving 

that the biofilm is actually dead and not just detached. It is interesting to note that at the 

same current density, without the presence of antibiotics, an increase in killing was noted. 

The material of the electrode did not make a difference in the results.



These results bring support to the theory discussed above by showing that a threshold 

must be reached before the Mg2+ or the Ca2+ can be taken from the exopolysaccharide 

matrix. Similarly, a threshold should be reached at the bacterial cell surface in order to 

remove the Mg2+ from the membrane gate to let the tobramycin in. Our experiments show 

that at the same current density in which we obtained total kill in the presence of 

antibiotics, there is still some killing of the biofilm in the absence of antibiotics; this also 

supports the theory by showing that at that specific current density, some cell membranes 

may be ruptured and certain cells would be killed.

Our results also show that the polarity of the system with respect to the nutrients 

flow makes little difference in the killing, but it is interesting to note that the pH in the 

upstream experiments changes to very acidic while it becomes very alkaline when the 

current is applied against the nutrient flow. The extreme change to acidic or alkaline in 

the pH of the fluid does not seem to affect the total killing of the bacterial biofilm. Our 

expenments show that this change in the pH is due to changes in the biofilm and not to 

electrolysis. The results of our polarity experiments also support the new theory, because 

the biofilm does not “see” the polarity of the electrical system.

The serial chambers experiments show that the killing effect was observed only 

when both the current density and the antibiotic were present. Therefore, a “pretreatment” 

of the antibiotic does not seem to be a viable hypothesis. This series of experiments also 

supports our new theory because the current must go through the biofilm in order to 

remove the cations in the exopolysaccharide and the cell membrane.



The angle of incidence between the electrical field and the biofilm appears to 

have an effect. It seems that some type of an acute angle is necessary for maximum 

killing. It is interesting to note that in Costerton’s experiments using the MKD the 

electrical field is perpendicular to the biofilm, but the biofilm was grown on the electrode. 

This was also the case for Jass’s experiments, but in her experiments the biofilm was 

grown separate from the electrodes. The results from those experiments are quite different 

from each other (see Table 47). The angle of the E field incidence alters the chemical and 

biological morphology of the system. The actual travel of the current through the biofilm 

may be enhanced if the correct angle is approached.

Our experiments using E-fields alone show no increase in killing. This result 

supports our new theory because a current is necessary in order to break the chemical 

bonds in the exopolysaccharide chain and in the cell membrane.

Recent information published by Dr. Jass and Dr. Lappin-Scott, the British team, 

show that the electrical current can enhance the activity against biofilms of only those 

antibiotics that are effective against the planktonic cells of the organism that form the 

biofilm [48]. This new information also supports our new theory because once the 

exopolysaccharide chains are broken, the antibiotic will act against the cells in a similar 

form that it would act against planktonic cells.

The experiments in our laboratories are the first to be done in this field of study 

that use pure DC low level current densities. Costerton’s group used a frequency of .0156



cycles/second (Hertz), while Jass’s group used a frequency of .0313 cycles/sec (Hertz). 

This may be a possible reason for the difference in results reported by both researchers.

This is also the first time work has been done using AC induced currents. 

Preliminary work using AC fields shows close to 2 log of increased killing. Even though 

this is not as much as the 6 logs obtained by using DC fields, it is still a very valuable 

increase in the killing of biofilm bacteria.



CONCLUSION

The understanding of biofilms and how they function has increased tremendously 

in the last decade. Now we know that they form "cities" in order to help each other and 

not only survive but flourish. New tools like mathematical models and confocal 

microscopy are helping us to elucidate these mechanisms. The understanding of these 

mechanisms in order to be able to control microbial biofilm infections in the medical 

field, and to control biofilm problems in industry is extremely important.

It is now understood that antimicrobial agents do penetrate the biofilm through the 

channels and other chemical venues. The biocides may react slowly with the 

exopolysaccharide matrix but this is not enough to be the sole cause of the added 

resistance. The cells; deep inside the microcolonies, do change their physiology due to 

their location in their environment. None of these theories by themself explain the whole 

process.

As part of this thesis, we have presented a possible mechanism for the killing of 

biofilm using antibiotics and a low level electrical current. From the results of our 

experiments, the new theory explained here, and the understanding that all living 

organism are electrical in nature, it can be postulated that this effect can be applied with 

similar results to other living organism and systems. It is also probable that the exact 

value of the current density needed to obtain maximum results may vary from system to 

system.

The possibilities for engineering applications of this new technology are many 

and widely applicable in the medical field as well as in industry. This technology will 

open a new age in the treatment of infections in the medical environment.



r e c o m m e n d a t io n s

Extend this work to other organisms and antimicrobial agents combinations. 

Establish a time dose response.

Establish the lowest combination of antimicrobial concentration, current density and 

time for specific systems.

Expand this work using AC induced current.

Investigate the possibility of membrane rupture as the cause for biofilm killing using 

microbiological techniques.

Extend this work into engineering practical solutions for known medical problems. 

Do a chemical analysis of the bulk fluid.

Develop a mathematical model of the system.

Expand the understanding of the change in pH.
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APPENDIX A 
Calculations



DC-CALCULATIONS

I  = I I  Jdxdy 
o

J = I I A

where:
Area (A) in cm2 
Current (I) in mA

Calculations:

Box I Box III Box IV Box V
J = A mA mA j =A mA j =A

407 mm2 510 mm2 544 mm2 544

J = .4914 mA
J = .3922 mA

J = .3676 mA
J = .36762 2 2cm cm cm

Conductivity Calculations
Box I Internal measurements:

I - 78 mm w -14.8 mm d - 27.5 mm

RUN# 1 RUN # 2 AVE. R
VOLTS mA mA Amps ohms

2 0.33 0.201 2.66E-03 7.53E+04
3 1.954 2.14 2.05E-02 1.47E+04
4 4.22 4.43 4.33E-02 9.25E+03
5 6.56 6.3 6.43E-02 7.78E+03
6 8.5 8.77 8.64E-02 6.95E+03
7 10.86 11.09 1.10E-01 6.38E+03
8 13.39 13.63 1.35E-01 5.92E+03
9 15.97 16.23 1.61E-01 5.59E+03
10 18.65 18.85 1.88E-01 5.33E+03
15 32.1 32.2 3.22E-01 4.67E+03
20 45.2 45.5 4.54E-01 4.41E+03
25 59.2 58.8 5.90E-01 4.24E+03
30 73.5 72 7.28E-01 4.12E+03

AVE. 1.10E+04
1.1 K ohms

Area 14.8x27.5 = 407 mm2
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0.000407 m2

Resistivity 5.76E+04 ohm-meter
Conductivity 1.74E-03 1/ohm-meter

Current Density (J)

Box I J = 0.491400 mA/cm2
Box III J = 0.392156 m/Vcm2
Box IV J = 0.367647 mA/cm2
Boxv J = 0.367647 mA/cm2

Conductivity W a 1.74E-03 1/ohm-meter

Power Density ('-V;:) W p  = I2R = 0.0044 ohms
where I = 2 mA and R = 1.1 K 

ohms
ohms

E - Field (E) E2 = W p / o r 2.53 E = 1.59 V/m



APPENDIX B
Data by Groups



Control vs Positive Control Comparison
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C o n tro l  v s  P o s i t iv e  C o n tro l  C o m p a r i s o n

Exp. # CONTRO P.C. Iog(CZPC)
1 1.50E+11 5.20E+09 1.46
2 3.20E+09 3.70E+09 -0.06 3.20E+09 3.70E+09 -0.06
3 1.70E+08 5.60E+09 -1.52 1.70E+08 5.60E+09 -1.52
4 4.60E+08 1.58E+09 -0.54 4.60E+08 1.58E+09 -0.54
5 2.02E+08 1.19E+09 -0.77 2.02E+08 1.19E+09 -0.77
6 4.06E+08 9.50E+08 -0.37 4.06E+08 9.50E+08 -0.37
7 2.73E+08 1.70E+09 -0.79 2.73E+08 1.70E+09 -0.79
8 1.45E+08 1.75E+09 -1.08 1.45E+08 1.75E+09 -1.08
9 1.91 E+09 2.10E+09 -0.04 1.91 E+09 2.10E+09 -0.04

10 2.75E+08 8.70E+06 1.50 2.75E+08 8.70E+06 1.50
11 8.60E+07 3.10E+09 -1.56 8.60E+07 3.10E+09 -1.56
12 7.50E+08 2.18E+09 -0.46 7.50E+08 2.18E+09 -0.46
13 3.60E+07 1.01 E+09 -1.45 3.60E+07 1.01 E+09 -1.45 ,
15 1.10E+08 1.70E+09 -1.19 1.10E+08 1.70E+09 -1.19
16 1.48E+08 2.41 E+09 -1.21 1.48E+08 2.41 E+09 -1.21
17 6.50E+07 1.36E+09 -1.32 6.50E+07 1.36E+09 -1.32
18 8.00E+06 8.50E+08 -2.03 8.00E+06 8.50E+08 -2.03
19 2.32E+07 6.70E+08 -1.46 2.32E+07 6.70E+08 -1.46
20 1.09E+07 5.50E+08 -1.70 1.09E+07 5.50E+08 -1.70
21 4.60E+06 5.70E+08 -2.09 4.60E+06 5.70E+08 -2.09
22 1.11E+06 7.70E+08 -2.84 1.11E+06 7.70E+08 -2.84
24 1.40E+06 7.90E+08 -2.75 1.40E+06 7.90E+08 -2.75
26 2.80E+06 4.70E+08 -2.22 2.80E+06 4.70E+08 -2.22
27 2.20E+07 7.50E+08 -1.53 2.20E+07 7.50E+08 -1.53
28 2.15E+08 1.95E+09 -0.96 2.15E+08 1.95E+09 -0.96
29 1.03E+07 2.10E+08 -1.31 1.03E+07 2.10E+08 -1.31
30 8.45E+07 4.50E+08 -0.73 8.45E+07 4.50E+08 -0.73
31 2.50E+04 3.00E+07 -3.08
32 1.48E+08 7.50E+08 -0.70 1.48E+08 7.50E+08 -0.70
33 1.25E+07 1.06E+07 0.07 1.25E+07 1.06E+07 0.07
34 6.60E+06 1.51E+07 -0.36 6.60E+06 1.51E+07 -0.36
35 7.00E+06 5.40E+08 -1.89 7.00E+06 5.40E+08 -1.891
36 1.28E+07 1.78E+09 -2.14 1.28E+07 1.78E+09 -2.14
37 2.30E+06 5.60E+08 -2.39 2.30E+06 5.60E+08 -2.39
38 4.00E+06 6.30E+08 -2.20 4.00E+06 6.30E+08 -2.20
39 5.80E+06 7.40E+08 -2.11 5.80E+06 7.40E+08 -2.11
40 9.00E+05 1.19E+09 -3.12 9.00E+05 1.19E+09 -3.12
41 1.74E+06 5.00E+08 -2.46 1.74E+06 5.00E+08 -2.46
44 5.50E+06 8.60E+08 -2.19 5.50E+06 8.60E+08 -2.19
46 3.00E+07 9.10E+08 -1.48 3.00E+07 9.10E+08 -1.48
47 1.43E+09 2.37E+09 -0.22 1.43E+09 2.37E+09 -0.22
48 1.10E+06 3.90E+08 -2.55 1.10E+06 3.90E+08 -2.55
50 9.50E+06 1.64E+09 -2.24 9.50E+06 1.64E+09 -2.24

AVE. 3.73E+09 1.31 E+09 0.45 2.51 E+08 1.25E+09 -0.70

Control - Antibiotics / NeD Fields
Positive Control - No Antibiotics / No Fields
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Electrode Material Data

j

I
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I I OVERALL SUMMARY # 3
I S lid e  L o ca tio n  /  E le c tro d e  M aterial

BACTERIA TYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: III SLIDE: CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: PLATINUM
POLARITY: UP STREAM CURRENT: 1 mA

STRAIGHT DIAGONAL
ORIGINAL COUNT 1.13E+10 1.13E+10
PLANTONIC 2.73E+05 2.73E+05
POSITIVE CONTROL 1.70E+09 1.70E+09
CONTROL 1.10E+08 1.10E+08
EXPERIMENT 1.90E+03 1.28E+07
E/PC 1.12E-06 7.53E-03
log (E/PC) 5.95 2.12

SUMMARY OF EXPERIMENTS # 7

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: III SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: PLATIUM
POLARITY: UP STREAAI CURRENT: 1 mA

#15 # # # AVE. DECREAS
ORIGINAL COUNT 1.13E+10 1.13E+10
PLANTONIC 2.73E+05
POSITIVE CONTROL 1.70E+09 1.70E+09
CONTROL 1.10E+08 1.10E+08
EXPERIMENT 1.90E+03 1.90E+03 -5.95
VALID EXPERIMENTS 1.90E+03 1.90E+03 -5.95
E/PC 1.12E-06 1.12E-06
log (E/PC) 5.95 5.95

SUMMARY OF EXPERIMENTS # 8

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: III SLIDE: DIAGONAL CONTROLLER: NON
ELECTRODE TYPE: WIRE ELECTRO DE MATERIAL: PLATIUM
POLARITY: UP STREAAI CURRENT: 1 mA

#15 # # # AVE. DECREAS
ORIGINAL COUNT 1.13E+10 1.13E+10
PLANTONIC 2.73E+05
POSITIVE CONTROL 1.70E+09 1.70E+09
CONTROL 1.10E+08 1.10E+08
EXPERIMENT 1.28E+07 1.28E+07 -2.12
VALID EXPERIMENTS 1.28E+07 1.28E+07 -2.12
E/PC 0.007529 0.007529
log (E/PC) 2.12 2.12
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(OVERALL SUMMARY # 4
S lid e  L o ca tio n  /  E le c tro d e  M aterial

DMv I CKiA I YHfc: Pseudom onas aeruginosa FIELD TYI=E: DC
BUA ItflUUfcL: IV !SLIDE: CONTROLLER: NONEELECTRODE TYPE: WIRE ELECTRODE MATERIAL: S.S.
PULAKITY: UP STREAftfl CURRENT : I mA

STRAIGHT DIAGONAL
ORIGINAL COUNT 4.55E+09 3.80E+09
PLANTONIC 2.92E+05 h 1.72E+05
POSITIVE CONTROL 7.08E+08 1.36E+09
c o n  Ir o l 1.69E+07 6.50E+07
EXPERIMENT 6.30E+03 2.45E+06
E/PC 8.90E-06 1.80E-03
log (E/PC) 5.05 2.74

OVERALL SUMMARY #10
Polarity / Serial C ham bers

BAUI fcRlA TYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: Vl SLIDE: STRAIGHl CONTROLLER: NON Z

ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: S.S.
POLARITY: CURRENT:2  mA

UP STREAM DOWN STREAM
ORIGINAL COUNT 4.41 E+09 4.41 E+09
PLANTONIC 8.62E+05 8.62E+05
POSITIVE CONTROL 8.33E+08 8.33E+08
CONTROL 4.80E+07 4.80E+07
EXPERIMENT 1.63E+07 1.34E+07
E/PC 1.96E-02 1.61E-02
log (E/PC) 1.71 1.79

OVERALL SUMMARY #11
D o se  R e s p o n s e  w ith  A n tib io tic

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: IV SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRES ELECTROD E MATERlyai L :  S.S.
POLARITY: UP STREAM CURRENT:

.5 mA 1 mA 1.5 mA 2 mA
ORIGINAL COUNT 8.10E+09 5.00E+09 8.10E+09 1.96E+09
PLANTONIC 4.90E+05 1.52E+06 4.90E+05 1.66E+05
POSITIVE CONTROL 4.50E+08 1.33E+09 4.50E+08 2.10E+08
CONTROL 8.40E+07 1.11E+08 8.40E+07 1.03E+07
EXPERIMENT 2.38E+07 3.29E+05 1.24E+05 5.50E+02
E/PC 0.05288889 0.00024737 0.00027556 2.619E-06
log (E/PC) 1.28 3.61 3.56 5.58
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Dose Response with Antibiotics Data

•!



76

!OVERALL SUMMARY #16 ----------------:--------------
D o se  R e s p o n s e  w ith  A n tib io tic T  i

iAv I cKiA I YPc: Pseudom onas aeruginosa !FIELD TYPE: DC CURRENT:tOX MODEL: Vll | SLIDE: STRAIGHT CONTROLLER: YESILCUlKUUC IYPC:
'OLARITY: UP STRE

WIRES
:am

ELECTROD E MATERIiAL: S.S.

O mA .25 mA .5 mA .75 mA 1 mA 1.5 mA 2 mA 3 mAIRIGINAL COUNT 6.52E+09 8.70E+09 8.33E+09 8.70E+09 6.13E+09 8.10E+09 1.93E+09 1.93E+09LANTONIC 3.24E+05 1.83E+05 2.64E+05 1.83E+05 1.18E+06 4.90E+05 1.85E+03 1.85E+03OSITIVE CONTROL 6.83E+08 1.51 E+07 3.35E+08 1.51 E+07 8.21E+08 4.50E+08 6.47E+08 6.47E+08ONTROL 4.35E+07 6.60E+06 3.25E+07 6.60E+06 4.33E+07 8.40E+07 5.14E+07 5.14E+07IELD CONTROL
XPERIMENT 4.35E+07 1.00E+05 8.30E+06 4.60E+03 6.59E+04 1.24E+05 5.83E+02 8.50E+02O mA .25 mA .5 mA .75 mA 1 mA 1.5 mA 2 mA 3 mAst SET: PC 4.50E+08 1.51 E+07 4.50E+08 1.51 E+07 7.50E+08 4.50E+08 7.50E+08 7.50E+08st SET: E 8.40E+07 1.00E+05 2.38E+07 4.60E+03 5.00E+02 1.24E+05 5.00E+02 5.00E+02fPC 0.18666667 0.00662252 0.05288889 0.00030464 6.6667E-07 0.000276 6.67E-07 6.67E-07g (E/PC) 0.73 2.18 1.28 3.52 6.18 3.56 6.18 6.18id SET: PC 7.50E+08 1.51 E+07 1.51 E+07 5.60E+08 5.60E+08id SET: E 1.48E+08 5.00E+02 2.54E+05 7.50E+02 1.45E+03 :rPC 0.19733333 3.3113E-05 0.01682119 1.34E-06 2.59E-06g (E/PC) 0.70 4.48 1.77 5.87 5.59d SET: PC 1.51 E+07 5.40E+08 1.78E+09 6.30E+08 6.30E+08d SET: E 6.60E+06 1.11E+06 8.40E+03 5.00E+02 6.00E+02 :PC 0.43708609 0.00205556 4.7191E-06 7.94E-07 9.52E-079 (E/PC) 0.36 2.69 5.33 6.10 6.02h SET: PC 5.40E+08 7.40E+08
h SET: E 7.00E+06 5.00E+02
PC 0.01296296 6.7568E-07
3 (E/PC) 1.89 6.17
h SET: PC 1.78E+09
I SET: E 1.28E+07
pc 0.00719101
J (E/PC) 2.14
Fe . SET: PC 6.83E+08 1.51 E+07 3.35E+08 1.51 E+07 8.21E+08 4.50E+08 6.47E+08 6.47E+08
' E .  SET: E 4.35E+07 1.00E+05 8.30E+06 4.60E+03 6.59E+04 1.24E+05 5.83E+02 8.50E+023.C. 6.37E-02 6.62E-03 2.48E-02 3.05E-04 8.03E-05 2.76E-04 9.01 E-07 1.31 IE-06I (E/PC) 1.20 2.18 1.61 3.52 4.10 3.56 6.05 5.88
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ELECTRODE TYPE: WIRE 
POLARITY: UP STREAM

ORIGINAL COUNT
PLANTONIC
POSITIVE CONTROL
CONTROL
EXPERIMENT
VALID EXPERIMENTS
E/PC
og (E/PC)

#30
8.10E+09
4.90E+05
4.50E+08
8.40E+07
8.40E+07
8.40E+07
0.186667

0.73

ELECTRODE MATERIAL: SS

#32
2.57E+07
1.50E+03
7.50E+08
1.48E+08
1.48E+08
1.48E+08
0.197333 

0.70

#34
8.70E+09
1.83E+05
1.51E+07
6.60E+06
6.60E+06
6.60E+06
0.437086

0.36

#35
8.20E+09
1.18E+05
5.40E+08
7.00E+06
7.00E+06
7.00E+06
0.012963

1.89

#36
1.14E+10
1.15E+06

#37
2.69E+09

1.78E+09
1.28E+07
1.28E+07
1.28E+07
0.007191

2.14

5.50E+02
5.60E+08
2.30E+06
2.30E+06
2.30E+06
0.004107

2.39

AVE.
6.52E+09
3.24E+05
6.83E+08
4.35E+07
4.35E+07

DECREASE

- 1.20
4.35E+071 -1.20
0.063661

1.20

!SUMMARY OF EXPERIMENTS # 42

b a c t e r ia  TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT": .25 mABUX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATER AL: SS
POLARITY: UP STREAftfl

#34 #47 #49 # AVE. DECREASORIGINAL COUNT 8.70E+09 6.30E+09 8.10E+08 5.27E+09
PLANTONIC 1.83E+05 5.00E+05 5.00E+01 2.28E+05
POSITIVE CONTROL 1.51E+07 2.37E+09 2.30E+08 8.72E+08
CONTROL 6.60E+06 1.43E+09 0.00E+00 4.79E+08
EXPERIMENT 1.00E+05 1.33E+08 7.10E+04 4.44E+07 -1.29VALID EXPERIMENTS 1.00E+05 1.33E+08 7.10E+04 4.44E+07 -1.29E/PC 0.006623 0.056118 0.000309 0.050924
Iog(EZPC) 2.18 1.25 3.51 1.29

SUMMARY OF EXPERIMENTS # 33

B A C I ERlA TYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC CURRENT : .5 mA
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS "
POLARITY: UP STREAM

#30 #34 #35 # # AVE. DECREAS
ORIGINAL COUNT 8.10E+09 8.70E+09 8.20E+09 8.33E+09
PLANTONIC 4.90E+05 1.83E+05 1.18E+05 2.64E+05
POSITIVE CONTROL 4.50E+08 1.51E+07 5.40E+08 3.35E+08
CONTROL 8.40E+07 6.60E+06 7.00E+06 3.25E+07
EXPERIMENT 2.38E+07 5.00E+02 1.11E+06 8.30E+06 -1.61
VALID EXPERIMENTS 2.38E+07 5.00E+02 1.11E+06 8.30E+06 -1.61 |
E/PC 0.052889 3.31E-05 0.002056 0.024784
log (E/PC) 1.28 4.48 2.69 1.61
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SUMMARY OF EXPERIMENTS # 43
- - - - - - - - - - - - i- - - - - - - - - - - -

1 CKiA t y p e : Pseudom onas aeruginosa FIELD TYPE: DC CURRENT: .75 mA
OUA MflUDtU Vll SLIDE: STRAIGHT CONTROLLER: YES
C L tU  I KUDE TYPE: WIRE ELECTRODE MATEF AL: SS —

PU L A K IIY: UP STREARH

#34 #47 #49 # # AVE. ECREASORIGINAL COUNT 8.70E+09 6.30E+09 8.10E+08 1.58E+10PLANTONIC 1.83E+05 5.00E+05 5.00E+01 6.83E+05POSITIVE CONTROL 1.51E+07 2.37E+09 2.30E+08 2.62E+09CONTROL 6.60E+06 1.43E+09 0.00E+00 1.44E+09EXPERIMENT 4.60E+03 1.76E+04 1.75E+04 3.97E+04 -4.82VALID EXPERIMENTS 4.60E+03 1.76E+04 1.75E+04 3.97E+04 -4.82E/PC 0.000305 7.43E-06 7.61 E-05 1.52E-05log (E/PC) 3.52 5.13 4.12 4.82

SUMMARY OF EXPERIMENTS #  39

BAU i tK iA  IYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC CURRENT': 1 mA
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREARH

#32 #34 #36 #39 # AVE. ECREASORIGINAL COUNT 2.57E+07 8.70E+09 1.14E+10 4.40E+09 6.13E+09
PLANTONIC 1.50E+03 1.83E+05 1.15E+06 3.40E+06 1.18E+06
POSITIVE CONTROL 7.50E+08 1.51E+07 1.78E+09 7.40E+08 8.21E+08
CONTROL 1.48E+08 6.60E+06 1.28E+07 5.80E+06 4.33E+07 .

EXPERIMENT 5.00E+02 2.54E+05 8.40E+03 5.00E+02 6.59E+04 -4.10
VALID EXPERIMENTS 5.00E+02 2.54E+05 8.40E+03 5.00E+02 6.59E+04 -4.10E/PC 6.67E-07 0.016821 4.72E-06 6.76E-07 8.02E-05

log (E/PC) 6.18 1.77 5.33 6.17 4.10

SUMMARY OF EXPERIMENTS # 32

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT : 1.5 mA
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM

#30 # # # # AVE. ECREAS
ORIGINAL COUNT 8.10E+09 8.10E+09
PLANTONIC 4.90E+05 4.90E+05
POSITIVE CONTROL 4.50E+08 4.50E+08
CONTROL 8.40E+07 8.40E+07
EXPERIMENT 1.24E+05 1.24E+05 -3.56
VALID EXPERIMENTS 1.24E+05 1.24E+05 -3.56
E/PC 0.000276 0.000276
log (E/PC) 3.56 3.56
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SUMMARY OF EXPERIMENTS # 37 i
-

b a c t e r ia  TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENlf: 2 mA
BUX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES I
LLfcUTKODE TYPE: WIRE ELECTRODE MATER AL: SS |
MOLARITY: UP STREARfl

L # 3 2 #37 #38 # # AVE. ECREASORIGINAL COUNT 2.57E+07 2.69E+09 3.07E+09 1.93E+09
PLANTONIC 1.50E+03 5.50E+02 3.50E+03 1.85E+03
POSITIVE CONTROL 7.50E+08 5.60E+08 6.30E+08 6.47E+08
CONTROL 1.48E+08 2.30E+06 4.00E+06 5.14E+07
EXPERIMENT 5.00E+02 7.50E+02 5.00E+02 5.83E+02 -6.04
VALID EXPERIMENTS 5.00E+02 7.50E+02 5.00E+02 5.83E+02 -6.04
E/PC 6.67E-07 1.34E-06 7.94E-07 9.02E-07
log (E/PC) 6.18 5.87 6.10 6.04

SUMMARY OF EXPERIMENTS # 38

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT: 3 mA
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATER(AL: SS
POLARITY: UP STREAM

#32 #37 #38 # # AVE. ECREASORIGINAL COUNT 2.57E+07 2.69E+09 3.07E+09 1.93E+09
PLANTONIC 1.50E+03 5.50E+02 3.50E+03 1.85E+03
POSITIVE CONTROL 7.50E+08 5.60E+08 6.30E+08 6.47E+08
CONTROL 1.48E+08 2.30E+06 4.00E+06 5.14E+07
EXPERIMENT 5.00E+02 1.45E+03 6.00E+02 8.50E+02 -5.88
VALID EXPERIMENTS 5.00E+02 1.45E+03 6.00E+02 8.50E+02 -5.88E/PC 6.67E-07 2.59E-06 9.52E-07 1.31E-06
log (E/PC) 6.18 5.59 6.02 5.88
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I OVERALLSUMMARY #1 I
D o se  R e s p o n s e  w ith  A n tib io tic

BAUI tK iA  IYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: I SLIDE: STRAIGHT CONTROLLER: NOhJE
ELECTRODE TYPE: WIRE ELECTRC>DE MATERIAL: PLATINUM
POLARITY: UP STREAM

CURRENT ~
.5 mA 1 m a 5 mA 7.5 mA

ORIGINAL COUNT 4.85E+09 6.05E+09 2.54E+09 1.99E+09
POSITIVE CONTROL 1.05E+09 2.60E+09 9.50E+08 1.70E+09
CONTROL 1.09E+09 8.35E+08 2.55E+08 2.73E+08
EXPERIMENT 2.87E+06 1.36E+08 5.00E+02 5.00E+02
VALID EXPERIMENTS 2.87E+06 2.43E+03 5.00E+02 5.00E+02

.5 mA 1 ma 5 mA 7.5 mA
1st SET: PC 2.10E+09 3.70E+09 9.50E+08 1.70E+09
1st SET: E 2.58E+06 1.43E+03 5.00E+02 5.00E+02
E/PC 0.001229 3.86E-07 5.26E-07 2.94E-07
log (E/PC) 2.91 6.41 6.28 6.53
2nd SET: PC 8.70E+06 1.58E+09
2 nd SET: E 3.16E+06 1.13E+04
E/PC 0.363218 7.15E-06
log (E/PC) 0.44 5.15
3rd SET: PC 1.19E+09
3 rd SET: E 1.33E+03
E/PC 1.12E-06
log (E/PC) 5.95
4 th SET: PC 1.85E+09
4 th SET: E 5.00E+02
E/PC 2.7E-07
log (E/PC) 6.57
AVE. SET: PC 1.05E+09 2.60E+09 9.50E+08 1.70E+09
AVE. SET: E 2.87E+06 2.43E+03 5.00E+02 5.00E+02
E/PC 0.002733 9.35E-07 5.26E-07 2.94E-07
log (E/PC) 2.56 6.03 6.28 6.53
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SUMMARY OF EXPERIMENTS # 4
I

BAOI BKiA TYPE: P se u d o m o n a s  ae ru g in o sa FIELD TYPE: DC CURRENl': .5 mABUA MUDEL: I SLIDE: STRAIGHT CONTROLLER: NON
E L tU  I KODE TYPE: WIRE ELECTRODE MATER AL: PLATINUM
PULAKITY: UP STREARfl

# 9 # 10 # # # AVE. ECREASORIGINAL COUNT 4.60E+09 5.10E+09 4.85E+09POSITIVE CONTROL 2.10E+09 8.70E+06 1.05E+09CONTROL 1.91E+09 2.75E+08 1.09E+09
EXPERIMENT 2.58E+06 3.16E+06 2.87E+06 -2.57VALID EXPERIMENTS 2.58E+06 3.16E+06 2.87E+06 -2.57E/PC 0.001229 0.363218 0.002722
log (E/PC) 2.91 I 0.44 ' 2.57

SUMMARY OF EXPERIMENTS #  1

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT: 1 mA
BOX MODEL: I SLIDE: STRAIGHT CONTROLLER: NON I

ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: PLAT NUM
POLARITY: UP STREAM

#1 # 2 # 3  ■ # 4 # 5 # 8 AVE. ECREAS
ORIGINAL COUNT 9.80E+09 1.40E+10 3.19E+09 2.00E+09 1.27E+09 6.05E+09
POSITIVE CONTROL 5.20E+09 3.70E+09 5.60E+09 1.58E+09 1.19E+09 1.75E+09 3.17E+09
CONTROL 1.50E+11 3.20E+09 1.70E+08 4.60E+08 2.02E+08 1.45E+08 6.96E+08
EXPERIMENT 8.00E+08 1.64E+03 1.87E+07 1.13E+04 1.67E+03 5.00E+02 1.36E+08 -1.37 '
VALID EXPERIMENTS 1.64E+03 1.13E+04 1.67E+03 5.00E+02 3.78E+03 -5.92
E/PC 4.43E-07 7.15E-06 1.4E-06 2.86E-07 1.19E-06
log (E/PC) 6.35 5.15 5.85 6.54 5.92

SUMMARY OF EXPERIMENTS # 2

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT: 5 mA
BOX MODEL: I SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: PLATINUM
POLARITY: UP STREAM

# 6 # # # # AVE. DECREAS
ORIGINAL COUNT 2.54E+09 2.54E+09
POSITIVE CONTROL 9.50E+08 9.50E+08
CONTROL 2.55E+08 2.55E+08
EXPERIMENT 5.00E+02 5.00E+02 -6.28
E/PC 5.26E-07 5.26E-07
log (E/PC) 6.28 6.28
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SUMMARY OF EXPERIMENTS # 3

b a c t e r ia  TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT: 7.5 mABOX MODEL: I SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: PLATINUM
POLARITY: UP STREAM

# 7 # # # # AVE. ECREASORIGINAL COUNT 1.99E+09 1.99E+09
POSITIVE CONTROL 1.70E+09 1.70E+09
CONTROL 2.73E+08 2.73E+08
EXPERIMENT 5.00E+02 5.00E+02 -6.53E/PC 2.94E-07 2.94E-07
log (E/PC) 6.53 | 6.53
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!OVERALL SUMMARY #11
D ose R e sp o n se  with A ntibiotic

BACTERIA TYPE: P se u d o m o n a s  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: IV SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRES ELECTRODE MATERWIL: S.S.
POLARITY: UP STREAM CURRENT:

.5 mA 1 mA 1.5 mA 2 mA
ORIGINAL COUNT 8.10E+09 5.00E+09 8.10E+09 1.96E+09
PLANTONIC 4.90E+05 1.52E+06 4.90E+05 1.66E+05
POSITIVE CONTROL 4.50E+08 1.33E+09 4.50E+08 2.10E+08
CONTROL 8.40E+07 1.11E+08 8.40E+07 1.03E+07
EXPERIMENT 2.38E+07 3.29E+05 1.24E+05 5.50E+02
E/PC 0.05288889 0.00024737 0.00027556 2.619E-06
log (E/PC) 1.28 3.61 3.56 5.58

SUMMARY OF EXPERIMENTS # 30
|

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT : 1 mA
BOX MODEL: IV SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM

#27 # 28 # # # AVE. ECREAS
ORIGINAL COUNT 3.80E+09 6.20E+09 5.00E+09
PLANTONIC 2.80E+06 2.34E+05 1.52E+06
POSITIVE CONTROL 7.50E+08 1.90E+09 1.33E+09
CONTROL 2.20E+07 2.00E+08 1.11E+08
EXPERIMENT 5.80E+05 7.80E+04 3.29E+05 -3.61
VALID EXPERIMENTS 5.80E+05 7.80E+04 3.29E+05 -3.61
E/PC 0.000773 4.11E-05 0.000248
log (E/PC) 3.11 4.39 3.61

SUMMARY OF EXPERIMENTS # 31

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT : 2 mA
BOX MODEL: IV SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM

#29 # # # # AVE. DECREAS
ORIGINAL COUNT 1.96E+09 1.96E+09
PLANTONIC 1.66E+05 1.66E+05
POSITIVE CONTROL 2.10E+08 2.10E+08
CONTROL 1.03E+07 1.03E+07
EXPERIMENT 5.50E+02 5.50E+02 -5.58
VALID EXPERIMENTS 5.50E+02 5.50E+02 -5.58
E/PC 2.62E-06 2.62E-06
log (E/PC) 5.58 5.58
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Dose Response without Antibiotics Data
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!OVERALL SUMMARY # 15
D o se  R e s p o n s e  w ith o u t A n tib io tic

BAUI bKIA TYPE: Pseudom onas aeruqinosa FIELD TYPIE: DC CURREN
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRES ELECTRODE MATERhX L :  S.S.
POLARITY: UP STREAM ANTIBIOTICS: NONE ‘

O mA .5 mA I mA 1.5 mA 2 mA 3 mA
ORIGINAL COUNT 7.79E+09 8.15E+09 9.23E+09 9.23E+09 7.56E+09 6.22E+09
PLANTONIC 3.89E+05 3.04E+05 5.86E+05 5.86E+05 4.45E+05 3.18E+05
POSITIVE CONTROL 7.07E+08 4.95E+08 9.23E+08 9.23E+08 8.48E+08 9.08E+08
CONTROL 5.17E+07 4.55E+07 3.46E+07 3.46E+07 5.58E+07 4.25E+07
FIELD CONTROL
EXPERIMENT 7.07E+08 4.57E+08 1.41E+09 7.23E+07 1.63E+07 7.48E+07

O mA .5 mA 1 mA 1.5 mA 2 mA 3 mA
1st SET: PC 4.50E+08 4.50E+08 4.50E+08 4.50E+08 7.50E+08 7.50E+08 .
1st SET: E 4.50E+08 • 7.70E+08 3.70E+09 2.10E+07 5.80E+06 1.55E+08
E/PC 1.00 1.71 8.22 0.05 0.01 0.21
log (E/PC) 0.00 -0.23 -0.91 1.33 2.11 0.68
2nd SET: PC 7.50E+08 5.40E+08 5.40E+08 5.40E+08 1.51E+07 5.40E+08
2nd SET: E 7.50E+08 1.44E+08 1.07E+08 1.01E+08 1.11E+06 3.40E+07
E/PC 1.00 0.27. 0.20 0.19 0.07 0.06
log (E/PC) 0.00 0.57 0.70 0.73 1.13 1.20
3rd SET: PC 1.51E+07 1.78E+09 1.78E+09 1.78E+09 1.78E+09
3rd SET: E 1.51E+07 4.10E+08 9.50E+07 4.20E+07 5.00E+02
E/PC 1.00 0.23 0.05 0.02 0.00
log (E/PC) 0.00 0.64 1.27 1.63 6.55
4th SET: PC 5.40E+08 5.60E+08
4th SET: E 5.40E+08 1.10E+08
E/PC 1.00 0.20
log (E/PC) 0.00 0.71
5th SET: PC 1.78E+09
5th SET: E 1.78E+09
E/PC 1.00
log (E/PC) 0.00
AVE. SET: PC 7.07E+08 4.95E+08 9.23E+08 9.23E+08 8.48E+08 9.08E+08
AVE. SET: E 7.07E+08 4.57E+08 1.41E+09 7.23E+07 1.63E+07 7.48E+07
E/PC 1.00 0.92 1.53 0.08 0.02 0.08
log (E/PC) 0.00 0.03 -0.18 1.11 1.72 1.08
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ISUMMARY OF EXPERIMENTS #44

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENl": 0 mABOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
CU=U I KUUC TYPE: WIRE ELECTRODE MATEF AL: SS
KULAKl I y : UP STREAttft ANTIBIOTICS: NONE

#30 # 32 # 34 # 35 # 36 AVE. DECREASORIGINAL COUNT 8.10E+09 2.57E+09 8.70E+09 8.20E+09 1.14E+10 7.79E+09PLANTONIC 4.90E+05 1.50E+03 1.83E+05 1.18E+05 1.15E+06 3.89E+05POSITIVE CONTROL 4.50E+08 7.50E+08 1.51E+07 5.40E+08 1.78E+09 7.07E+08CONTROL 8.40E+07 1.48E+08 6.60E+06 7.00E+06 1.28E+07 5.17E+07EXPERIMENT 4.50E+08 7.50E+08 1.51E+07 5.40E+08 1.78E+09 7.07E+08 0.00E/PC I 1 1 1 1 1log (E/PC) 0.00 0.00 0.00 0.00 0.00 0.00

BACTERIA TYPE: Pseudom onas aeruginosa
BOX MODEL: Vll
ELECTRODE TYPE: WIRE

SLIDE: STRAIGHT

POLARITY: UP STREAM

ORIGINAL COUNT
PLANTONIC
POSITIVE CONTROL
CONTROL
EXPERIMENT
E/PC 
og (E/PC)

# 3 0
8.10E+09
4.90E+05
4.50E+08
8.40E+07
7.70E+08
1.711111

-0.23

ELECTRODE MATER AL: SS

FIELD TYPE: 
CONTROLLER: YES

ANTIBIOTICS: NONE

#35
8.20E+09
1.18E+05
5.40E+08
7.00E+06
1.44E+08
0.266667

0.57

CURRENT: .5 mA

AVE.
8.15E+09
3.04E+05
4.95E+08
4.55E+07,
4.57E+08
0.923232

0.03

DECREAS

-0.03

SUMMARY OF EXPERIMENTS # 35

tJAU I CRiA TYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC CURRENT': 1 mA
HUX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
CLCUTRODE TYPE: WIRE ELECTRODE MATER AL: SS
POLARITY: UP STREAttfl ANTIBIOT CS: NONE

#30 # 35 # 36 # # AVE. DECREASORIGINAL COUNT 8.10E+09 8.20E+09 1.14E+10 9.23E+09PLANTONIC 4.90E+05 1.18E+05 1.15E+06 5.86E+05
POSITIVE CONTROL 4.50E+08 5.40E+08 1.78E+09 9.23E+08CONTROL 8.40E+07 7.00E+06 1.28E+07 3.46E+07
EXPERIMENT 3.70E+09 1.07E+08 4.10E+08 1.41E+09 0.18.E/PC 8.222222 0.198148 0.230337 1.522383log (E/PC) -0.91 0.70 0.64 -0.18
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BACTERIA TYPF- Pca ,,

SUMMARY OF EXPE RIMENTS 

FIELD TY

#36

PE: DC CURRENT: I mflBOX MODEL: Vll (SLIDE: STRAIGHT CONTROLLER: YES T ---------

C l-C U  I K U U t  I YHt: WIRE ELECTRODE MATERIAL: SS
r u L A K i  I y : UK STRtAf /I ANTIBIOTICS: NONE

#30 #35 #36 # # AVE. DECREASORIGINAL COUNT 8.10E+09 8.20E+09 1.14E+10 9.23E+09PLANTONlC 4.90E+05 1.18E+05 1.15E+06 5.86E+05POSITIVE CONTROL 4.50E+08 5.40E+08 1.78E+09 9.23E+08CONTROL 8.40E+07 7.00E+06 1.28E+07 3.46E+07EXPERIMENT 2.10E+07 1.01E+08 9.50E+07 7.23E+07 -1 11E/PC 0.046667 0.187037 0.053371 0.078339log (E/PC) 1.33 0.73 1.27 1.11 |

SUMMARY OF EXPERIMENTS # 40 I

DACI tK iA  TYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC CURRENT’: 2 mADUA M UUtL: Vll SLIDE: STRAIGHT CONTROLLER: YES
C L tu  I KUUE TYPE: WIRE ELECTRODE MATER AL: SS
KULAKII Y: UP STREARfl ANTIBIOTICS: NONE

#32 #34 #36 # # AVE. DECREASORIGINAL COUNT 2.57E+09 8.70E+09 1.14E+10 7.56E+09PLANTONIC 1.50E+03 1.83E+05 1.15E+06 4.45E+05POSITIVE CONTROL 7.50E+08 1.51E+07 1.78E+09 8.48E+08CONTROL 1.48E+08 6.60E+06 1.28E+07 5.58E+07EXPERIMENT 5.80E+06 1.11E+06 4.20E+07 1.63E+07 -1.72E/PC 0.007733 0.07351 0.023596 0.019217log (E/PC) 2.11 1.13 1.63 1.72 I

SUMMARY OF EXPERIMENTS # 41

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT: 3 mA
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM ANTIBIOT CS: NONE

#32 #35 #36 #37 # AVE. DECREAS
ORIGINAL COUNT 2.57E+09 8.20E+09 1.14E+10 2.69E+09 6.22E+09
PLANTONIC 1.50E+03 1.18E+05 1.15E+06 5.50E+02 3.18E+05
POSITIVE CONTROL 7.50E+08 5.40E+08 1.78E+09 5.60E+08 9.08E+08
CONTROL 1.48E+08 7.00E+06 1.28E+07 2.30E+06 4.25E+07
EXPERIMENT 1.55E+08 3.40E+07 5.00E+02 1.10E+08 7.48E+07 -1.08
E/PC 0.206667 0.062963 2.81E-07 0.196429 0.082369
log (E/PC) 0.68 1.20 6.55 0.71 1.08

\
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!OVERALL SUMMARY # 7
D o se  R e s p o n s e  w ith o u t A n tib io tic  /  S lid e  L o ca tio n

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT
BOX MODEL: Il [SLIDE: DIAGONAL CONTROLLER: NONE
ELECTRODE TYPE: PLATES ELECTRODE MATERIAL: S.S.
POLARITY: UP STREAM ANTBIOTIC: NONE

1 mA 2 mA 4 mA
ORIGINAL COUNT 4.04E+09 4.04E+09 4.04E+09
PLANTONIC 6.00E+04 6.00E+04 6.00E+04
POSITIVE CONTROL 6.30E+08 6.30E+08 6.30E+08
CONTROL 5.54E+06 5.54E+06 5.54E+06
EXPERIMENT 8.40E+07 4.63E+03 5.01 E+08
E/PC 1.33E-01 7.35E-06 7.95E-01
log (E/PC) 0.88 5.13 0.10

SUMMARY OF EXPERIMENTS # 20

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT': 4 mABOX MODEL: Il SLIDE: DIAGONAL CONTROLLER: NONE
ELECTRODE TYPE: PLATES ELECTRODE MATERIAL: SS
POLARITY: UP STREAM ANTIBIOT C: NONE

# 20 # 21 # 22 # # AVE. DECREASORIGINAL COUNT 5.20E+09, 4.20E+09 2.73E+09 4.04E+09
PLANTONIC 1.36E+05 1.90E+03 4.20E+04 6.00E+04
POSITIVE CONTROL 5.50E+08 5.70E+08 7.70E+08 6.30E+08
CONTROL 1.09E+07 4.60E+06 1.11E+06 5.54E+06
EXPERIMENT 3.00E+08 8.40E+07 1.12E+09 5.01 E+08 -0.10
VALID EXPERIMENTS 3.00E+08 8.40E+07 1.12E+09 5.01 E+08 -0.10E/PC 0.545455 0.147368 1.454545 0.795767
log (E/PC) 0.26 0.83 -0.16 0.10

SUMMARY OF EXPERIMENTS # 21

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT: 1 mA
BOX MODEL: Il SLIDE: DIAGONAL CONTROLLER: NON
ELECTRODE TYPE: PLATES ELECTRODE MATERIAL: SS
POLARITY: UP STREAM ANTIBIOT C: NONE

# 20 #21 # 22 # # AVE. DECREAS
ORIGINAL COUNT 5.20E+09 4.20E+09 2.73E+P9 4.04E+09
PLANTONIC 1.36E+05 1.90E+03 4.20E+04 6.00E+04
POSITIVE CONTROL 5.50E+08 5.70E+08 7.70E+08 6.30E+08
CONTROL 1.09E+07 4.60E+06 1.11E+06 5.54E+06
EXPERIMENT 4.80E+04 9.20E+07 1.60E+08 8.40E+07 -0.87
VALID EXPERIMENTS 4.80E+04 9.20E+07 1.60E+08 8.40E+07 -0.87
E/PC 8.73E-05 0.161404 0.207792 0.133359
log (E/PC) 4.06 0.79 0.68 0.87
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SUMMARY OF EXPERIMENTS # 22

BAUI cKlA TYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC CURRENl': 2 mA
BUX MODEL: Il SLIDE: DIAGONAL CONTROLLER: NONE
ELECTRODE TYPE: PLATES ELECTRODEMATER AL: SS
POLARITY: UP STREAMfl ANTIBIOTIC: NONE

# 20 #21 # 22 # # AVE. DECREASORIGINAL COUNT 5.20E+09 4.20E+09 2.73E+09 4.04E+09
PLANTONIC 1.36E+05 1.90E+03 4.20E+04 6.00E+04
POSITIVE CONTROL 5.50E+08 5.70E+08 7.70E+08 6.30E+08
CONTROL 1.09E+07 4.60E+06 1.11E+06 5.54E+06
EXPERIMENT 1.29E+04 5.00E+02 5.00E+02 4.63E+03 -5.13
VALID EXPERIMENTS 1.29E+04 5.00E+02 5.00E+02 4.63E+03 -5.13E/PC 2.35E-05 8.77E-07 6.49E-07 7.35E-06
log (E/PC) 4.63 6.06 6.19 5.13

!OVERALL SUMMARY # 8
D ose R e sp o n se  w ithou t A ntibiotic

BACTERIA TYPE: P se u d o m o n a s  ae ru g in o sa FIELD TYPE: DC CURRENT:
BOX MODEL: IV SLIDE: STRAIGHT CONTROLLER: NON Z

ELECTRODE TYPE: WIRES ELECTRODE MATERIAL: S.S.
POLARITY: UP STREAM ANTBIOTIC: NONE

1 mA 2 mA 4 mA
ORIGINAL COUNT 6.90E+09 6.90E+09 6.90E+09
PLANTONIC 9.90E+03 9.90E+03 9.90E+03
POSITIVE CONTROL 7.90E+08 7.90E+08 7.90E+08
CONTROL 1.40E+06 1.40E+06 1.40E+06
EXPERIMENT 8.50E+08 3.67E+08 1.69E+06
E/PC 1.08E+00 4.65E-01 2.14E-03
log (E/PC) -0.03 0.33 2.67

SUMMARY OF EXPERIMENTS # 25

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: IV SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM ANTIBIOT C: NONE CURRENT: 1 mA

#24 # # # AVE. DECREAS
ORIGINAL COUNT 6.90E+09 6.90E+09
PLANTONIC 9.90E+03 9.90E+03
POSITIVE CONTROL 7.90E+08 7.90E+08
CONTROL 1.40E+06 1.40E+06
EXPERIMENT 8.50E+08 8.50E+08 0.03
VALID EXPERIMENTS 8.50E+08 8.50E+08 0.03
E/PC 1.08E+00 1.08E+00
log (E/PC) -0.03 -0.03
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SUMMARY OF EXPERIMENTS # 26

HAUI HKIA TYPE: P se u d o m o n a s  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: IV SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS I
POLARITY: UP STREAM ANTIBIOTIC: NONE CURRENT: 2 mA

#24 # # # AVE. DECREAS
ORIGINAL COUNT 6.90E+09 6.90E+09
PLANTONIC 9.90E+03 9.90E+03
POSITIVE CONTROL 7.90E+08 - 7.90E+08
CONTROL 1.40E+06 1.40E+06
EXPERIMENT 3.67E+08 3.67E+08 -0.33
VALID EXPERIMENTS 3.67E+08 3.67E+08 -0.33
E/PC 0.464557 0.464557
log (E/PC) 0.33 0.33

SUMMARY OF EXPERIMENTS # 24
i

HAUI EKlA TYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: IV SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM ANTIBIOT1C: NONE CURRENT: 4 mA

#24 # # # AVE. DECREAS
ORIGINAL COUNT 6.90E+09 6.90E+09
PLANTONIC 9.90E+03 9.90E+03
POSITIVE CONTROL 7.90E+08 7.90E+08
CONTROL 1.40E+06 1.40E+06
EXPERIMENT 1.69E+06 1.69E+06 -2.67
VALID EXPERIMENTS 1.69E+06 1.69E+06 -2.67E/PC 0.002139 0.002139
log (E/PC) 2.67 2.67
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Polarity Data
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OVERALL SUMMARY #17 I
P o la r ity

BAuTERiA TYPE: P se u d o m o n a s  ae ru g in o sa FIELD TYPE: IDC
BUX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WllRE ELECTRODE MATERIAL: S.S.
POLARITY:

1 mA 1 mA 2 mA 2 mA 3 mA 3 mA
UP STREAM DWN STRM UP STREAM DWN STRM UP STREAM DWN STRMORIGINAL COUNT 4.40E+09 4.40E+09 2.88E+09 2.88E+09 3.07E+09 3.07E+09 1PLANTONIC 3.40E+06 3.40E+06 2.03E+03 2.03E+03 3.50E+03 3.50E+03

POSITIVE CONTROL 7.40E+08 7.40E+08 5.95E+08 5.95E+08 6.30E+08 6.30E+08CONTROL 5.80E+06 5.80E+06 3.15E+06 3.15E+06 4.00E+06 4.00E+06EXPERIMENT 5.00E+02 5.00E+02 6.25E+02 6.95E+03 6.00E+02 5.00E+02E/PC 6.76E-07 6.76E-07 1.05E-06 1.17E-05 9.52E-07 7.94E-07
log (E/PC) 6.17 6.17 5.98 4.93 6.02 6.10

SUMMARY OF EXPERIMENTS # 46

BACTERIA TYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC CURRENT: 1 mA
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATER AL: SS
POLARITY: UP STREAM

#39 # # # # AVE. DECREAS
ORIGINAL COUNT 4.40E+09 4.40E+09
PLANTONIC 3.40E+06 3.40E+06
POSITIVE CONTROL 7.40E+08 7.40E+08
CONTROL 5.80E+06 5.80E+06
EXPERIMENT 5.00E+02 5.00E+02 -6.17
VALID EXPERIMENTS 5.00E+02 5.00E+02 -6.17
E/PC 6.76E-07 6.76E-07
log (E/PC) 6.17 I 6.17

SUMMARY OF EXPERIMENTS # 47

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: NON E
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS CURRENT: 1 mA
POLARITY: DOWN STR EAM

#39 # # # AVE. DECREAS
ORIGINAL COUNT 4.40E+09 4.40E+09
PLANTONIC 3.40E+06 3.40E+06
POSITIVE CONTROL 7.40E+08 7.40E+08
CONTROL 5.80E+06 5.80E+06
EXPERIMENT 5.00E+02 5.00E+02 -6.17
VALID EXPERIMENTS 5.00E+02 5.00E+02 -6.17
E/PC 6.76E-07 6.76E-07
log (E/PC) 6.17 6.17
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SUMMARY OF EXPE 2 S m I * 6. C
O

'
b a c t e r ia  TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERlIAL: SS CURRENT: 2 mA
POLARITY: UP STREAM

#37 #38 # # AVE. DECREASORIGINAL COUNT 2.69E+09 3.07E+09 2.88E+09
PLANTONIC 5.50E+02 3.50E+03 2.03E+03
POSITIVE CONTROL 5.60E+08 6.30E+08 5.95E+08
CONTROL 2.30E+06 4.00E+06 3.15E+06
EXPERIMENT 7.50E+02 5.00E+02 6.25E+02 -5.98
VALID EXPERIMENTS 7.50E+02 5.00E+02 6.25E+02 -5.98
E/PC 1.34E-06 7.94E-07 1.05E-06
log (E/PC) 5.87 6.10 5.98

BACTERIA TYPE: Pseu domonas aieruginosa FIELD TYPE: DC
DUA m uu tL : Vll SLIDE: STRAIGHT CONTROLLER: NONEBLtC I RODE TYPE: WIRE CLtu I RODE MATER AL: SS CURRENT: 2 mA■ ULAKi I y: d o w n  STREAM

#37 #38 # # AVE. DECREASORIGINAL COUNT 2.69E+09 3.07E+09 2.88E+09PLANTONIC 5.50E+02 3.50E+03 2.03E+03POSITIVE CONTROL 5.60E+08 6.30E+08 5.95E+08CONTROL 2.30E+06 4.00E+06 3.15E+06EXPERIMENT 1.34E+04 5.00E+02 6.95E+03 -4 93VALID EXPERIMENTS 1.34E+04 5.00E+02 6.95E+03 -4 93E/PC 2.39E-05 7.94E-07 1.17E-05log (E/PC) 4.62 6.10 4.93

SUMMARY OF EXPERIMENTS # 50

BAU i CKiA IYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: NON =
ELECTRODE TYPE: WIRE ELECTRODE MATER AL: SS CURRENT: 3 mA
POLARITY: UP STREAM

#38 # # # AVE. DECREASORIGINAL COUNT 3.07E+09 3.07E+09
PLANTONIC 3.50E+03 3.50E+03
POSITIVE CONTROL 6.30E+08 6.30E+08
CONTROL 4.00E+06 4.00E+06
EXPERIMENT 6.00E+02 6.00E+02 -6.02
VALID EXPERIMENTS 6.00E+02 6.00E+02 -6.02E/PC 9.52E-07 9.52E-07
log (E/PC) 6.02 I 6.02
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SUMMARY OF EXPERIMENTS # 51
I

t3AU I tK iA  IYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: NON
ELECTRODE TYPE: WIRE ELECTRODE MATER AL: SS CURRENT: 3 mA
POLARITY: DOWN STREAM

# 3 8 # # # AVE. DECREAS
ORIGINAL COUNT 3.07E+09 3.07E+09
PLANTONIC 3.50E+03 3.50E+03
POSITIVE CONTROL 6.30E+08 6.30E+08
CONTROL 4.00E+06 4.00E+06
EXPERIMENT 5.00E+02 5.00E+02 -6.10
VALID EXPERIMENTS 5.00E+02 5.00E+02 -6.10
E/PC 7.94E-07 7.94E-07
log (E/PC) 6.10 6.10

\

A
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OVERALL SUMMARY # 6
E-Field / P o la rity

dAO I fcKIA I YHh: Pseudom onas aeruginosa FIELD TYI=E: DC
BOX MODEL: V !SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: S.S.
POLARITY: ELECTRODE LOCATION: OUTSIDE VOLTAGE: 5 V

UP STREAM DOWN STREAM
ORIGINAL COUNT 5.50E+09 5.50E+09
PLANTONIC 5.20E+04 5.20E+04
POSITIVE CONTROL 6.70E+08 6.70E+08
CONTROL 2.32E+07 2.32E+07
EXPERIMENT 2.90E+07 1.10E+08
VALID EXPERIMENTS 2.90E+07 1.10E+08
E/PC 0.043283582 0.164179104
log (E/PC) 1.36 0.78

SUMMARY OF EXPERIMENTS #17
I

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC VOLTAGE:5 V
BOX MODEL: V SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM ELECTRODE LOCATION: OUTSIDE

#19 # # # # AVE. DECREAS
ORIGINAL COUNT 5.50E+09 5.50E+09 v
PLANTONIC 5.20E+04 5.20E+04
POSITIVE CONTROL 6.70E+08 6.70E+08
CONTROL 2.32E+07 2.32E+07 -1.36
EXPERIMENT 2.90E+07 2.90E+07 -1.36
VALID EXPERIMENTS 2.90E+07 2.90E+07
E/PC 0.043284 0.043284
log (E/PC) 1.36 I 1.36

SUMMARY OF EXPERIMENTS # 18

B A C I BKiA IYPE: P se u d o m o n a s  ae ru g in o sa FIELD TYPE: DC
BUX MODEL: V SLIDE: STRAIGHT CONTROLLER: NON2
ELECTRODE TYPE: WIRE ELECTRODE MATER!AL: SS VOLTAGE: 5 V
POLARITY: DOWN STREAM ELECTRODE LOCATION: OUTS,IDE

#19 # # # AVE. DECREASORIGINAL COUNT 5.50E+09 5.50E+09
PLANTONIC 5.20E+04 5.20E+04
POSITIVE CONTROL 6.70E+08 6.70E+08
CONTROL 2.32E+07 2.32E+07
EXPERIMENT 1.10E+08 1.10E+08 -0.78VALID EXPERIMENTS 1.10E+08 1.10E+08 -0.78E/PC 0.164179 0:164179
log (E/PC) 0.78 0.78 I
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OVERALL SUMMARY #10 I
Polarity  /  Serial C ham bers

BMU i HKIA I Y Pb: Pseudom onas aeruginosa FIELD TY 3E: DC
BUA IWUDEL: Vl SLIDE: STRAIGHT CONTROLLER: NONEI=L tu  I KODE TYPE: WIRE ELECTRODE MATERIAL: S.S.
POLARITY: CURRENT:2  mA

—
UP STREAM DOWN STREAM —

ORIGINAL COUNT \ 4.41 E+09 4.41 E+09
PLANTONIC 8.62E+05 8.62E+05
POSITIVE CONTROL 8.33E+08 8.33E+08
CONTROL 4.80E+07 4.80E+07
EXPERIMENT 1.63E+07 1.34E+07
E/PC 1.96E-02 1'. 6 IE-02
log (E/PC) 1.71 1.79

SUMMARY OF EXPERIMENTS # 27 I

BAU TEKiA TYPE: P se u d o m o n a s  ae ru g in o sa FIELD TYPE: DC CURRENl': 2 mABOA MODEL: Vl SLIDE: STRAIGHT CONTROLLER: NON T

E L tU  TKODE TYPE: WIRE ELECTRODE MATER AL: SS
POLARITY: UP STREARn

#25 # 26 # 27 # 28 # 29 AVE. DECREASORIGINAL COUNT 7.00E+09 3.10E+09 3.80E+09 6.20E+09 1.96E+09 4.41 E+09PLANTONIC 1.11E+06 5.00E+02 2.80E+06 2.34E+05 1.66E+05 8.62E+05
POSITIVE CONTROL 4.70E+08 7.50E+08 1.90E+09 2.10E+08 8.33E+08CONTROL 5.00E+06 2.80E+06 2.20E+07 2.00E+08 1.03E+07 4.80E+07
EXPERIMENT 1.04E+07 5.00E+02 1.85E+07 5.10E+07 1.61E+06 1.63E+07 -1.71VALID EXPERIMENTS 1.04E+07 5.00E+02 1.85E+07 5.10E+07 1.61E+06 1.63E+07 -1.71E/PC 0.012492 1.06E-06 0.024667 0.026842 0.007667 0.019582
log (E/PC) 1.90 5.97 1.61 1.57 2.12 1.71

SUMMARY OF EXPERIMENTS # 28
,

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT: 2 mA
BOX MODEL: Vl SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: DOWN STREAM

#25 # 26 # 27 # 28 # 29 AVE. DECREAS
ORIGINAL COUNT 7.00E+09 3.10E+09 3.80E+09 6.20E+09 1.96E+09 4.41 E+09
PLANTONIC 1.11E+06 5.00E+02 2.80E+06 2.34E+05 1.66E+05 8.62E+05
POSITIVE CONTROL 4.70E+08 7.50E+08 1.90E+09 2.10E+08 8.33E+08
CONTROL 5.00E+06 2.80E+06 2.20E+07 2.00E+08 1.03E+07 4.80E+07
EXPERIMENT 6.10E+05 2.80E+06 1.31E+07 5.00E+07 2.90E+05 1.34E+07 -1.79
VALID EXPERIMENTS 6.10E+05 2.80E+06 1.31E+07 5.00E+07 2.90E+05 1.34E+07 -1.79
E/PC 0.000733 0.005957 0.017467 0.026316 0.001381 0.016048
log (E/PC) 3.14 2.22 1.76 1.58 2.86 1.79
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OVERALL SUMMARY #13
Polarity  |

D M v I CKiA I Y K t: K s e u d o m o n a s  a e r u q in o s a FIELD TYIPE: DC
B U A  M O D EL: IV SLIDE: STRAIGH' !CONTROLLER: NONg
ELECTRODE TYPE: WllRE ELECTRODE MATERIAL: S.S.
POLARITY: CURRENT:1 mA

UP STREAM DOWN STREAM
ORIGINAL COUNT 4.55E+09 5.73E+09
PLANTONIC 2.92E+05 1.63E+06
POSITIVE CONTROL 7.08E+08 1.17E+09
CONTKu l 1.69E+07 7.57E+07
EXPERIMENT 6.30E+03 2.75E+04
E/PC 8.90E-06 2.35E-05
log (E/PC) 5.05 4.63

SUMMARY OF EXPERIMENTS #10 ---------------j----------------
I

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT: 1 mA
BOX MODEL: IV | SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM

#17 #24 # 25 # 26 #29 AVE. DECREAS
ORIGINAL COUNT 3.80E+09 6.90E+09 7.00E+09 3.10E+09 1.96E+09 4.55E+09
PLANTONIC 1.72E+05 9.90E+03 1.11E+06 5.00E+02 1.66E+05 2.92E+05
POSITIVE CONTROL 1.36E+09 7.90E+08 4.70E+08 2.10E+08 7.08E+08
CONTROL 6.50E+07 1.40E+06 5.00E+06 2.80E+06 1.03E+07 1.69E+07
EXPERIMENT 5.00E+02 2.20E+03 9.70E+06 5.00E+02 2.20E+04 1.95E+06 -2.56
VALID EXPERIMENT 5.00E+02 2.20E+03 5.00E+02 2.20E+04 6.30E+03 -5.05
E/PC 3.68E-07 2.78E-06 1.06E-06 0.000105 . 8.9E-06
log (E/PC) 6.43 5.56 5.97 3.98 5.05
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Slide Location Data
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I !OVERALL SUMMARY # 7  I
D o se  R e s p o n s e  w ith o u t A n tib io tic  /  S lid e  L o ca tio n

b a c t e r ia  TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENTBOX MODEL: Il !SLIDE: DIAGONAL CONTROLLER: NON -

ELECTRODE TYPE: PLATES ELECTRODE MATERIAL: S.S.
POLARITY: UP STREAM ANTBIOTIC: NONE

1 mA 2 mA 4 mA
ORIGINAL COUNT 4.04E+09 4.04E+09 4.04E+09
PLANTONIC 6.00E+04 6.00E+04 6.00E+04
POSITIVE CONTROL 6.30E+08 6.30E+08 6.30E+08
CONTROL 5.54E+06 5.54E+06 5.54E+06
EXPERIMENT 8.40E+07 4.63E+03 5.01 E+08
E/PC 1.33E-01 7.35E-06 7.95E-01
log ( E I P C ) 0.88 5.13 0.10

SUMMARY OF EXPERIMENTS # 20

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT : 4 mA
BOX MODEL: Il SLIDE: DIAGONAL CONTROLLER: NONE
ELECTRODE TYPE: PLATES ELECTRODE MATERIAL: SS
POLARITY: UP STREAM ANTIBIOT C: NONE

#  20 # 21 # 22 # # AVE. DECREAS
ORIGINAL COUNT 5.20E+09 4.20E+09 2.73E+09 4.04E+09
PLANTONIC 1.36E+05 1.90E+03 4.20E+04 6.00E+04
POSITIVE CONTROL 5.50E+08 5.70E+08 7.70E+08 6.30E+08
CONTROL 1.09E+07 4.60E+06 1.11E+06 5.54E+06
EXPERIMENT 3.00E+08 8.40E+07 1.12E+09 5.01 E+08 -0.10
VALID EXPERIMENTS 3.00E+08 8.40E+07 1.12E+09 5.01 E+08 -0.10
E/PC 0.545455 0.147368 1.454545 0.795767
log (E/PC) 0.26 0.83 -0.16 0.10

SUMMARY OF EXPERIMENTS # 21

BACi ERIA TYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC CURRENT': 1 mA
BOX MODEL: Il SLIDE: DIAGONAL CONTROLLER: NON =
ELECTRODE TYPE: PLATES ELECTRODE MATERIAL: SS
POLARITY: UP STREAM ANTIBIOT C: NONE

# 20 #21 #  22 # # AVE. DECREAS
ORIGINAL COUNT 5.20E+09 4.20E+09 2.73E+09 4.04E+09
PLANTONIC 1.36E+05 1.90E+03 4.20E+04 6.00E+04
POSITIVE CONTROL 5.50E+08 5.70E+08 7.70E+08 6.30E+08
CONTROL 1.09E+07 4.60E+06 1.11E+06 5.54E+06
EXPERIMENT 4.80E+04 9.20E+07 1.60E+08 8.40E+07 -0.87
VALID EXPERIMENTS 4.80E+04 9.20E+07 1.60E+08 8.40E+07 -0.87
E/PC 8.73E-05 0.161404 0.207792 0.133359
log (E/PC) 4.06 0.79 0.68 0.87



SUMMARY OF EXPERIMENTS # 22

b a c t e r ia  TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENl": 2 mA
B O X  M O D EL: Il SLIDE: DIAGONAL CONTROLLER: NONE
ELECTRODE TYPE: PLATES ELECTRODE MATER AL: SS
POLARITY: UP STREAM ANTIBIOTIC: NONE

# 20 #21 # 22 # # AVE. DECREASORIGINAL COUNT 5.20E+09 4.20E+09 2.73E+09 4.04E+09
PLANTONIC 1.36E+05 1.90E+03 4.20E+04 6.00E+04
POSITIVE CONTROL 5.50E+08 5.70E+08 7.70E+08 6.30E+08
CONTROL 1.09E+07 4.60E+06 1.11E+06 5.54E+06
EXPERIMENT 1.29E+04 5.00E+02 5.00E+02 4.63E+03 -5.13
VALID EXPERIMENTS 1.29E+04 5.OOE+02 5.00E+02 4.63E+03 -5.13
E/PC 2.35E-05. 8.77E-07 6.49E-07 7.35E-06
log (E/PC) 4.63 6.06 6.19 5.13
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OVERALL SUMMARY # 2
S lide Location

BAUI tK iA  IYPE: P se u d o m o n a s  a e ru a in o sa FIELD TYI3E: DC
BOX MODEL: Il SLIDE: STRAIGHT CONTROLLER: NONg
ELECTRODE TYPE: PLATES ELECTRODE MATER AL: S.S.
POLARITY: UP STREAM

CURRENT
1 mA 3 mA

ORIGINAL COUNT 6.57E+09 6.20E+09
POSITIVE CONTROL 1.99E+09 2.18E+09
CONTROL 6.31 E+07 7.50E+08 -
FIELD CONTROL 1.40E+07 8.50E+07
EXPERIMENT 1.45E+06 7.70E+07
E/PC 7.29E-04 3.53E-02
log (E/PC) 3.14 1.45

SUMMARY OF EXPERIMENTS # 5

BAUI ERlA TYPE: P se u d o m o n a s  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: Il SLIDE: STRAIGHT CONTROLLER: NONg
ELECTRODE TYPE: PLATE ELECTRODE MATER AL: SS
POLARITY: UP STREAM CURRENT : 1mA

# 1 1 #  13 # # AVE. DECREAS
ORIGINAL COUNT 9.30E+09 3.83E+09 6.57E+09
POSITIVE CONTROL 2.96E+09 1.01E+09 1.99E+09
CONTROL 8.6QE+07 4.02E+07 6.31 E+07
FIELD CONTROL 2.77E+07 2.93E+05 1.40E+07
EXPERIMENT 2.10E+06 7.90E+05 1.45E+06 -3.14
VALID EXPERIMENTS 2.10E+06 7.90E+05 1.45E+06 -3.14
E/PC 0.000709 0.000782 0.000728
LOG (E/PC) 3.15 3.11 3.14

SUMMARY OF EXPERIMENTS # 6

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: Il SLIDE: STRAIGHT CONTROLLER: NON I

ELECTRODE TYPE: PLATE ELECTRO DE MATERIAL: SS
POLARITY: UP STREAM CURRENT: 3mA

#12 # # # AVE. DECREAS
ORIGINAL COUNT 6.20E+09 6.20E+09
POSITIVE CONTROL 2.18E+09 2.18E+09
CONTROL 7.50E+08 7.50E+08
FIELD CONTROL 8.50E+07 8.50E+07
EXPERIMENT 7.70E+07 7.70E+07 -1.45
E/PC 28.31169 28.31169
log (E/PC) -1.45 -1.45
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!OVERALL SUMMARY # 3
S lid e  L o ca tio n  /  E le c tro d e  M aterial

b a u  I BKlA TYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: III SLIDE: CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: PLATINUM
POLARITY: UP STREAM CURRENT: 1 mA

STRAIGHT DIAGONAL
ORIGINAL COUNT 1.13E+10 1.13E+10
PLANTONIC 2.73E+05 2.73E+05
POSITIVE CONTROL 1.70E+09 1.70E+09
CONTROL 1.10E+08 1.10E+08
EXPERIMENT 1.90E+03 1.28E+07
E/PC 1.12E-06 7.53E-03
log (E/PC) 5.95 2.12

SUMMARY OF EXPERIMENTS # 7

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: III SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: PLATIUM
POLARITY: UP STREAM CURRENT: I mA

#15 # # # AVE. DECREAS
ORIGINAL COUNT 1.13E+10 1.13E+10
PLANTONIC 2.73E+05
POSITIVE CONTROL 1.70E+09 1.70E+09
CONTROL 1.10E+08 1.10E+08
EXPERIMENT 1.90E+03 1.90E+03 -5.95
VALID EXPERIMENTS 1.90E+03 1.90E+03 -5.95
E/PC 1.12E-06 1.12E-06
log (E/PC) 5.95 5.95

SUMMARY OF EXPERIMENTS # 8

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: III SLIDE: DIAGONAL CONTROLLER: NON I

ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: PLATIUM
POLARITY: UP STREAM CURRENT: 1 mA

#15 # # # AVE. DECREAS
ORIGINAL COUNT 1.13E+10 1.13E+10
PLANTONIC 2.73E+05
POSITIVE CONTROL 1.70E+09 1.70E+09
CONTROL 1.10E+08 1.10E+08
EXPERIMENT 1.28E+07 1.28E+07 -2.12
VALID EXPERIMENTS 1.28E+07 1.28E+07 -2.12
E/PC 0.007529 0.007529
log (E/PC) 2.12 2.12
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BACTERIA TYPE: Pseudom onas aeruginosa

[OVERALL SUMMARY # 4 
S lid e  L o ca tio n  /  E le c tro d e  M aterial

BOX MODEL: IV SLIDE:
ELECTRODE TYPE: WIRE
POLARITY: UP STREAM

ORIGINAL COUNT
PLANTONIC
POSITIVE CONTROL
CONTROL
EXPERIMENT
E/PC
log (E/PC)

STRAIGHT
4.55E+09

FIELD TYPE: DC

ELECTRODE MATERIAL: S.S.
CONTROLLER: NON

DIAGONAL

2.92E+05
3.80E+09
1.72E+05

7.08E+08
1.69E+07
6.30E+03
8.90E-06

5.05

1.36E+09
6.50E+07
2.45E+06
1.80E-03

2.74

CURRENT: 1 mA

SUMMARY OF EXPERIMENTS # 10

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT: 1 mA
BOX MODEL: IV . SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATER AL: SS
POLARITY: UP STREAM

'

#17 #24 # 25 # 26 #29 AVE. DECREAS
ORIGINAL COUNT 3.80E+09 6.90E+09 7.00E+09 3.10E+09 1.96E+09 4.55E+09
PLANTONIC 1.72E+05 9.90E+03 1.11E+06 5.00E+02 1.66E+05 2.92E+05
POSITIVE CONTROL 1.36E+09 7.90E+08 4.70E+08 2.10E+08 7.08E+08
CONTROL 6.50E+07 1.40E+06 5.00E+06 2.80E+06 1.03E+07 1.69E+07
EXPERIMENT 5.00E+02 2.20E+03 9.70E+06 5.00E+02 2.20E+04 1.95E+06 -2.56
VALID EXPERIMENT 5.00E+02 2.20E+03 5.00E+02 2.2OE+04 6.30E+03 -5.05
E/PC 3.68E-07 2.78E-06 1.06E-06 0.000105 8.9E-06
log (E/PC) 6.43 5.56 5.97 3.98 5.05

SUMMARY OF EXPERIMENTS #11

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: IV SLIDE: DIAGONAL CONTROLLER: NON Z

ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM CURRENT: 1 mA

#17 # # # AVE. DECREAS
ORIGINAL COUNT 3.80E+09 3.80E+09
PLANTONIC 1.72E+05 1.72E+05
POSITIVE CONTROL 1.36E+09 1.36E+09
CONTROL 6.50E+07 6.50E+07
EXPERIMENT 2.45E+06 2.45E+06 -2.74
VALID EXPERIMENTS 2.45E+06 2.45E+06 -2.74
E/PC 0.001801 0.001801
log (E/PC) 2.74 2.74
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Serial Chambers Data
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I OVERALL SUMMARY # 10
P o larity  /  S e ria l C h a m b e rs

=Av i fcKlA I YHh: Pseudom onas aeruginosa FIELD TYI3E: DC
BOX MODEL: Vl (SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MAlFERIAL: S.S. I
POLARITY: CURRENT:2  mA

UP STREAM DOWN STREAM
ORIGINAL COUNT 4.41 E+09 ■4.41 E+09
PLANTONIC 8.62E+05 8.62E+05
POSITIVE CONTROL 8.33E+08 8.33E+08
CONTROL 4.80E+07 4.80E+07
EXPERIMENT 1.63E+07 1.34E+07
E/PC 1.96E-02 1.61 E-02
log (E/PC) 1.71 1.79

I SUMMARY OF EXPERIMENTS # 27
I'

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT : 2 mA
BOX MODEL: Vl SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM

#25 # 26 # 27 # 28 # 29 AVE. DECREAS
ORIGINAL COUNT 7.00E+09 3.10E+09 3.80E+09 6.20E+09 1.96E+09 4.41 E+09
PLANTONIC 1.11E+06 5.00E+02 2.80E+06 2.34E+05 1.66E+05 8.62E+05
POSITIVE CONTROL 4.70E+08 7.50E+08 1.90E+09 2.10E+08 8.33E+08
CONTROL 5.00E+06 2.80E+06 2.20E+07 2.00E+08 1.03E+07 4.80E+07
EXPERIMENT 1.04E+07 5.00E+02 1.85E+07 5.10E+07 1.61E+06 1.63E+07 -1.71
VALID EXPERIMENTS 1.04E+07 5.00E+02 1.85E+07 5.10E+07 1.61E+06 1.63E+07 -1.71
E/PC 0.012492 1.06E-06 0.024667 0.026842 0.007667 0.019582
log (E/PC) 1.90 5.97 1.61 1.57 2.12 1.71

SUMMARY OF EXPERIMENTS # 28 - - - - - - - - - - - - - - - - - i - - - - - - - - - - - - - - - - - - - -

BACTERIA TYPE: P se u d o m o n a s  ae ru g in o sa FIELD TYPE: DC CURRENT': 2 mA
BOX MODEL: Vl SLIDE: STRAIGHT CONTROLLER: NON I
ELECTRODE TYPE: WIRE ELECTRODE MATER AL: SS
POLARITY: DOWN STR EAM

#25 # 26 # 27 # 28 # 29 AVE. DECREASORIGINAL COUNT 7.00E+09 3.10E+09 3.80E+09 6.20E+09 1.96E+09 4.41 E+09
PLANTONIC 1.11E+06 5.00E+02 2.80E+06 2.34E+05 1.66E+05 8.62E+05
POSITIVE CONTROL 4.70E+08 7.50E+08 1.90E+09 2.10E+08 8.33E+08
CONTROL 5.00E+06 2.80E+06 2.20E+07 2.00E+08 1.03E+07 4.80E+07
EXPERIMENT 6.10E+05 2.80E+06 1.31E+07 5.00E+07 2.90E+05 1.34E+07 -1.79
VALID EXPERIMENTS 6.10E+05 2.80E+06 1.31E+07 5.00E+07 2.90E+05 1.34E+07 -1.79E/PC 0.000733 0.005957 0.017467 0.026316 0.001381 0.016048
log (E/PC) 3.14 ' 2.22 1.76 158 2.86 1.79
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E-Field Data
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!OVERALL SUMMARY # 5
E-Field / D o se  R e s p o n s e

b a c t e r ia  TYPE: Pseudom onas aeruginosa FIELD TYI=E: DC VOLTAGE:BOX MODEL: IV SLIDE: STRAIGHT CONTROLLER: NON =
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: S.S.
POLARITY: UP STREAM ELECTRODE LOCATION: OUTSIC)E

5.4 V 10.8 V
ORIGINAL COUNT 5.50E+09 5.50E+09
PLANTONIC 5.20E+04 5.2QE+04
POSITIVE CONTROL 6.70E+08 6.70E+08
CONTROL 2.32E+07 2.32E+07
EXPERIMENT 3.54E+07 3.60E+07
VALID EXPERIMENTS 3.54E+07 3.60E+07
E/PC 0.05283582 0.05373134
log ( E J P C ) 1.28 1.27

SUMMARY OF EXPERIMENTS # 15

b a c t e r ia  TYPE: Pseudom onas aeruginosa FIELD TYPE: DC VOLTAGE: 5.4 V
BOX MODEL: IV SLIDE: STRAIGHT CONTROLLER: NON Z

ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM ELECTRODE LOCATION: OUTSIDE

#19 # # # # AVE. DECREAS
ORIGINAL COUNT 5.50E+09 5.50E+09
PLANTONIC 5.20E+04 5.20E+04
POSITIVE CONTROL 6.70E+08 6.70E+08
CONTROL 2.32E+07 2.32E+07
EXPERIMENT 3.54E+07 3.54E+07 -1.28
VALID EXPERIMENTS 3.54E+07 3.54E+07 -1.28E/PC 0.052836 0.052836
log (E/PC 1.28 1.28

!SUMMARY OF EXPERIMENTS #16
I

BACI fcRIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC VOLTAGE: 10.8 V
BOX MODEL: IV SLIDE: STRAIGHT CONTROLLER: NON Z

ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM ELECTRODE LOCATION: OUTSIDE

#19 # # # # AVE. DECREAS
ORIGINAL COUNT 5.50E+09 5.50E+09
PLANTONIC 5.20E+04 5.20E+04
POSITIVE CONTROL 6.70E+08 6.70E+08
CONTROL 2.32E+07 2.32E+07
EXPERIMENT 3.60E+07 3.60E+07 -1.27
VALID EXPERIMENTS 3.60E+07 3.60E+07 -1.27
E/PC 0.053731 0.053731
log (E/PC) 1.27 | 1.27
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OVERALL SUMMARY # 6
E-Field / Polarity

BAOI LKlA I YHh: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: V SLIDE: STRAIGHT CONTROLLER: NONE
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: S.S.
POLARITY: ELECTRODE LOCATION: OUTSIDE VOLTAGE:5 V

UP STREAM DOWN STREAM
ORIGINAL COUNT 5.50E+09 5.50E+09
PLANTONIC 5.20E+04 5.20E+04
POSITIVE CONTROL 6.70E+08 6.70E+08
CONTROL 2.32E+07 2.32E+07
EXPERIMENT 2.90E+07 1.10E+08
VALID EXPERIMENTS 2.90E+07 1.10E+08
E/PC 0.043283582 0.164179104
log (E/PC) 1.36 0.78

SUMMARY OF EXPERIMENTS #17

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC VOLTAGE :5 V
BOX MODEL: V SLIDE: STRAIGHT CONTROLLER: NON
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM ELECTRODE LOCATION: OUTSIDE

#19 # # # # AVE. DECREAS
ORIGINAL COUNT 5.50E+09 5.50E+09
PLANTONIC 5.20E+04 5.20E+04
POSITIVE CONTROL 6.70E+08 6.70E+08
CONTROL 2.32E+07 2.32E+07 -1.36
EXPERIMENT 2.90E+07 2.90E+07 -1.36
VALID EXPERIMENTS 2.90E+07 2.90E+07
E/PC 0.043284 0.043284
log (E/PC) 1.36 1.36

SUMMARY OF EXPERIMENTS # 18

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: V SLIDE: STRAIGHT CONTROLLER: NON =
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS VOLTAGE: 5 V
POLARITY: DOWN STREAM ELECTRODE LOCATION: OUTSIDE

#19 # # # AVE. DECREAS
ORIGINAL COUNT 5.50E+09 5.50E+09
PLANTONIC 5.20E+04 5.20E+04
POSITIVE CONTROL 6.70E+08 6.70E+08
CONTROL 2.32E+07 2.32E+07
EXPERIMENT 1.10E+08 1.10E+08 -0.78
VALID EXPERIMENTS 1.10E+08 1.10E+08 -0.78
E/PC 0.164179 0.164179
log (E/PC) 0.78 0.78
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Buffer Concentration Data
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OVERALL SUMMARY # 18 j i-------------- 1--------------
Buffer C oncen tra tion i

HAUI I=KiA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC CURRENT: 2 mA
B U A  M O D EL: Vll !SLIDE: STRAIGHT CONTROLLER: YES
ELEUTRODE TYPE: PLATES ELECTRODE MATERIAL: S.S.
POLARITY: UP STREAHfl

.SB RB 1.1 B 2 B 3 B 4 B SBORIGINAL COUNT 3.90E+09 1.93E+09 5.00E+09 r~7.35E+09 6.80E+09 4.87E+09 1.14E+09PLANKTONIC 7.00E+02 1.85E+03 3.50E+06 2.13E+05 4.20E+05 1.40E+05 2.80E+03POSITIVE CONTROL 3.90E+08 6.47E+08 1.19E+09 1.25E+09 1.64E+09 8.07E+08 3.20E+08CONTROL 1.10E+06 5.14E+07 9.00E+05 7.50E+06 9.50E+06 3.90E+06 5.80E+05EXPERIMENT 8.50E+02 5.83E+02 1.70E+05 2.81 E+05 6.00E+02 3.84E+08 3.19E+06EZPC 2.18E-06 9.01 E-07 1.43E-04 2.25E-04 3.66E-07 4.76E-01 9.97E-03log (E/PC) 5.66 6.05 3.85 3.65 6.44 0.32 2.00

SUMMARY OF EXPERIMENTS # 52

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATER AL: SS
POLARITY: UP STREAM BUFFER CONC.: .SB CURRENT: 2 mA

# 4 # # # AVE. DECREAS
ORIGINAL COUNT 3.90E+09 3.90E+09
PLANKTONIC 7.00E+02 7.00E+02
POSITIVE CONTROL 3.90E+08 r 3.90E+08
CONTROL 1.10E+06 1.10E+06
EXPERIMENT 8.50E+02 8.50E+02 -5.66E/PC 2.18E-06 2.18E-06
log (E/PC) 5.66 5.66

SUMMARY OF EXPERIMENTS #  62

UAU FERIA TYPE: P se u d o m o n a s  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATER AL: SS
POLARITY: UP STREAM BUFFER CONC.: 1.1B CURRENT: 2 mA

#40 # # # AVE. DECREAS
ORIGINAL COUNT 5.00E+09 5.00E+09
PLANKTONIC 3.50E+06 3.50E+06
POSITIVE CONTROL 1.19E+09 1.19E+09
CONTROL 9.00E+05 9.00E+05
EXPERIMENT 1.70E+05 1.70E+05 -3.85E/PC 0.000143 0.000143
log (E/PC) 3.85 3.85
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SUMMARY OF EXPERIMENTS # 53

BACTERIA TYPE: Pseudom onas aeruqinosa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATER AL: SS
POLARITY: UP STREAM BUFFER CONC.: 2B CURRENT: 2 mA

I
#44 #50 # # AVE. DECREAS

ORIGINAL COUNT 7.90E+09 6.80E+09 7.35E+09
PLANKTONIC 5.00E+03 4.20E+05 2.13E+05
POSITIVE CONTROL 8.60E+08 1.64E+09 - 1.25E+09
CONTROL 5.50E+06 9.50E+06 7.50E+06
EXPERIMENT 2.50E+03 5.60E+05 2.81E+05 -3.65
E/PC 2.91 E-06 0.000341 0.000225
log (E/PC) 5.54 3.47 3.65

SUMMARY OF EXPERIMENTS # 54
.

B A C I ERiA TYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM BUFFER CONC.: SB CURRENT: 2 mA

#50 # # # AVE. DECREAS
ORIGINAL COUNT 6.80E+09 6.80E+09
PLANKTONIC 4.20E+05 4.20E+05
POSITIVE CONTROL 1.64E+09 1.64E+09
CONTROL 9.50E+06 9.50E+06
EXPERIMENT 6.00E+02 6.00E+02 -6.44
E/PC 3.66E-07 3.66E-07
log (E/PC) 6.44 6.44

I SUMMARY OF EXPERIMENTS # 55

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM BUFFER CONC.: 4B CURRENT: 2 mA

#48 #48 #50 # AVE. ECREAS
ORIGINAL COUNT 3.90E+09 3.90E+09 6.80E+09 4.87E+09
PLANKTONIC 7.00E+02 7.00E+02 4.20E+05 1.40E+05
POSITIVE CONTROL 3.90E+08 3.90E+08 1.64E+09 8.07E+08
CONTROL 1.10E+06 1.1OE+06 9.50E+06 3.90E+06
EXPERIMENT 4.30E+08 7.20E+08 7.30E+05 3.84E+08 -0.32
E/PC 1.102564 1.846154 0.000445 0.475508
log ( E I P C ) -0.04 -0.27 3.35 0.32



112

SUMMARY OF EXPERIMENTS # 56
'

b a u  I BRlA TYPE: P se u d o m o n a s  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATER AL: SS
POLARITY: UP STREAM BUFFER CONC.: SB CURRENT: 2 mA

# 4 1 # 4 9 # 4 9 # AVE. DECREAS
ORIGINAL COUNT 1.79E+09 8.10E+08 8.10E+08 1.14E+09
PLANKTONIC 8.30E+03 5.00E+01 5.00E+01 2.80E+03
POSITIVE CONTROL 5.00E+08 2.30E+08 2.30E+08 3.20E+08
CONTROL 1.74E+06 0.00E+00 0.00E+00 5.80E+05
EXPERIMENT 9.20E+06 1.21E+05 2.39E+05 3.19E+06 -2.00
E/PC 0.0184 0.000526 0.001039 0.009958
log (E/PC) 1.74 3.28 2.98 2.00
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OVERALL SUMMARY # 19
B uffer C o n c e n tra tio n

BAU1 t KiA IYPE: Pseudom onas aeruginosa FIELD TYI=E: DC '
BUX MODEL: Vll (SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: PLATES ELECTRODE MATERIAL: S.S.
POLARITY: UP STREAM CURRENT: 0 mA

.SB RB 1.1 B 2 B 4 B 5 B
ORIGINAL COUNT 6.30E+09 1.93E+09 5.00E+09 7.90E+09 6.30E+09 1.79E+09PLANKTONIC 5.00E+05 1.85E+03 3.50E+06 5.00E+03 5.00E+05 8.30E+03POSITIVE CONTROL 2.37E+09 6.47E+08 1.19E+09 8.60E+08 2.37E+09 5.00E+08CONTROL 1.43E+09 5.14E+07 9.00E+05 5.50E+06 1.43E+09 1.74E+06EXPERIMENT 3.50E+08 5.14E+07 9.20E+05 3.60E+07 1.10E+08 5.90E+07E/PC 1.48E-01 7.94E-02 7.73E-04 4.19E-02 4.64E-02 1.18E-01
log (E/PC) 0.83 1.10 3.11 1.38 1.33 0.93

SUMMARY OF EXPERIMENTS # 57

WACI ERlA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATER AL: SS
POLARITY: UP STREAM BUFFER CONC.: .SB CURRENT: 0 mA

#47 # # # AVE. DECREAS
ORIGINAL COUNT 6.30E+09 6.30E+09
PLANKTONIC 5.00E+05 5.00E+05
POSITIVE CONTROL 2.37E+09 2.37E+09
CONTROL 1.43E+09 1.43E+09
EXPERIMENT 3.50E+08 3.50E+08 -0.83
E/PC 0.147679 0.147679
log (E/PC) 0.83 0.83

~  | SUMMARY OF EXPERIMENTS # 61

BAU i BRiA I YPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATER AL: SS
POLARITY: UP STREAM BUFFER CONC.: 1.1 B CURRENT: 0 mA

X

#40 # # # . AVE. DECREASORIGINAL COUNT 5.00E+09 5.00E+09
PLANKTONIC 3.50E+06 3.50E+06
POSITIVE CONTROL 1.19E+09 1.19E+09
CONTROL 9.00E+05 9.00E+05
EXPERIMENT 9.20E+05 9.20E+05 -3.11E/PC 0.000773 0.000773
log (E/PC) 3.11 3.11
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SUMMARY OF EXPERIMENTS # 5 9

BAUI fcKlA TYRE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS I
POLARITY: UP STREAM BUFFER CONC.: 2B CURRENT: 0 mA

#44 # # # AVE. DECREAS
ORIGINAL COUNT 7.90E+09 7.90E+09
PLANKTONIC 5.00E+03 5.00E+03
POSITIVE CONTROL 8.60E+08 8.60E+08
CONTROL 5.50E+06 5.50E+06
EXPERIMENT 3.60E+07 3.60E+07 -1.38
E/PC 0.04186 0.04186
log (E/PC) 1.38 | 1.38

SUMMARY OF EXPERIMENTS # 58

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM BUFFER CONC.: 4B CURRENT: 0 mA

#47 # # # AVE. DECREAS
ORIGINAL COUNT 6.30E+09 6.30E+09
PLANKTONIC 5.00E+05 5.00E+05
POSITIVE CONTROL 2.37E+09 2.37E+09
CONTROL 1.43E+09 1.43E+09
EXPERIMENT 1.10E+08 1.10E+08 -1.33
E/PC 0.046414 0.046414
log (E/PC) 1.33 1.33

SUMMARY OF EXPERIMENTS # 60

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAftH BUFFER CONC.: SB CURRENT: 0 mA

#41 # # # AVE. DECREAS
ORIGINAL COUNT 1.79E+09 1.79E+09
PLANKTONIC 8.30E+03 8.30E+03
POSITIVE CONTROL 5.00E+08 5.00E+08
CONTROL 1.74E+06 1.74E+06
EXPERIMENT 5.90E+07 5.90E+07 -0.93
E/PC 0.118 0.118
log (E/PC) 0.93 0.93
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OVERALL SUMMARY # 20
B uffer C o n c e n tra tio n

BAUI LRlA TYPE: P seu d o m o n as  ae ru g in o sa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: PLATES ELECTRODE MATERIAL: S.S.
POLARITY: UP STREAM ANTIBIOTICS: NONE CURRENT: 0 mA

RB 1.1 B 2 B
ORIGINAL COUNT 1.93E+09 5.00E+09 7.90E+09
PLANKTONIC 1.85E+03 3.50E+06 5.00E+03
POSITIVE CONTROL 6.47E+08 1.19E+09 8.60E+08
CONTROL 5.14E+07 9.00E+05 5.50E+06
EXPERIMENT 6.47E+08 4.30E+09 2.10E+08
E/PC 1.00E+00 3.61 E+00 2.44E-01
log (E/PC) 0.00 -0.56 0.61

SUMMARY OF EXPERIMENTS #  64

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: Vll |SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM BUFFER CONC.: 1.1 B ANTIBIOTICS: NONE

CURRENT: 0 mA

#40 # . # # AVE. DECREAS
ORIGINAL COUNT 5.00E+09 5.00E+09
PLANKTONIC 3.50E+06 3.50E+06
POSITIVE CONTROL 1.19E+09 1.19E+09
CONTROL 9.00E+05 9.00E+05
EXPERIMENT 4.30E+09 4.30E+09 0.56
E/PC 3.613445 3.613445
log (E/PC) -0.56 -0.56

SUMMARY OF EXPERIMENTS # 66

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: DC
BOX MODEL: Vll SLIDE: STRAIGHT CONTROLLER: YES
ELECTRODE TYPE: WIRE ELECTRODE MATERIAL: SS
POLARITY: UP STREAM BUFFER CONC.: 2B ANTIBIOT CS: NONE

CURRENT: 0 mA

#44 # # # AVE. DECREAS
ORIGINAL COUNT 7.90E+09 7.90E+09
PLANKTONIC 5.00E+03 5.00E+03
POSITIVE CONTROL 8.60E+08 8.60E+08
CONTROL 5.50E+06 5.50E+06
EXPERIMENT 2.10E+08 2.10E+08 -0.61
E/PC 0.244186 0.244186
log (E/PC) 0.61 0.61
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APPENDIX C 
Original Data - DC
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DATE: 12.06.95 | BACTERIA TYPE: PSEUDOMONAS AERUGINOSA I i
FIELD TYPE:DC, 1mA SET # 2 EXP.# 1 ANTIBIOTIC CONC: 5 ma/l
GROWTH TIME 17.5 Hours

ORIGINAL COUNT
I

DILUTION I 2 3 4 5 6 7 8 9 10 AVE. cfu
0 0

I I I
posiTr/E  CONTRIDL

DILUTION 1 I 2 3 4 5 6 7 8 9 | 10 AVE. cfu
1.00E+06 35 | 48 33 30 55 34 35 40 | 28 43 3.81E+07 3.81 E+09
1.00E+07 2 6 5 5 2 11 3 8 I 5 5 5.20E+07 5.20E+09 *

I
CONTROL |

DILUTION | 1 | 2 3 4 5 6 7 8 | 9 10 AVE. cfu
1.00E+08 J  13 | 18 14 18 17 14 18 12 I 12 14 | 1.50E+09 1.50E+11

I I
I

EXPERIMENT
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 6 7 9 4 13 9 8 8 8 8 8.00E+06 8.00E+08 -1
1.00E+07 2 3 2 0.5 0.5 1 ' 1 4 0.5 0.5 1.50E+07 1.50E+09 -1

1.00E+07 2 6 5 5 2 11 3 8 5 5 5.20E+071 5.20E+09 |
1.00E+08 13 18 14 18 17 14 18 12 12 14 1.50E+09 j 1.50E+11 |
1.00E+06 6 7 9 4 13 9 8 8 8 8 8.00E+06 J 8.00E+08 j
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DATE: 12.16.951 BACTERIA TYPE: PSEUDOMONAS A I r u g in o s a  i j
FIELD TYPE:DC, 1mA SET # 2 EXP. # 2 ANTIBIOTIC CONC: 5 ma/l
GROWTH TIME 20 Hours

ORIGINAL DOUNT
DILUTION 1 2 .3 4 5 6 7 8 9 10 AVE. cfu
1.00E+07 14 8 9 6 8 12 9 7 7 18 9.80E+07 9.80E+09

I I
POSITIVE CONTROL

DILUTION 1 | 2 | 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+07 3 I 2 | 2 3 7 1 5 5 4 5 3.70E+07 3.70E+09 *
1.00E+08 | 2 | 1 1 0.5 0.5 0.5 0.5 1 2 0.5 1.90E+08 1.90E+10

I I
I I
CONTROL

DILUTION I 1 | 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+07 I 4 I 6 3 4 1 2 ■ 4 2 2 4 3.20E+07 3.20E+09
1.00E+08 I 1 I 1 0.5 0.5 0.5 1 1 1 2 0.5 1.50E+08 1.50E+10

I I
I

EXPERIMENT
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+01 I 2 2 1 0.5 1 2 1 0.5 0.5 1.64E+01 1.64E+03 -6

1.00E+07 14 8 9 6 8 12 9 7 7 18 9.80E+07 9.80E+09
1.00E+07 3 2 2 3 7 | 1 5 5 4 5 3.70E+07 3.70E+09
1.00E+07 4 6 3 4 1 2 4 2 2 4 3.20E+07 3.20E+09
1.00E+01 1 2 2 I 0.5 I 1 2 1 0.5 0.5 1.64E+01 1.64E+03
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DATE: 12.25.95 | BACJTERIA TYPE: PSEUDOMONAS / I
FIELD TYPE.DC, ImZs SET # 2 EXP. # 3 ANTIBIOTIC CONC: 5 ma/l
GROWTH TIME 21 Tlours

ORIG NAL COUNT
DILUTION I 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+07 14 17 | 17 15 13 11 12 17 12 12 1.40E+08 1.40E+10
1.00E+08 1 3 1 2 2 1 1 4 5 1 2.10E+08 2.10E+10

I I
POSITIVE CONTROL I

DILUTION | 1 | 2 | 3 | 4 | 5 6 7 8 9 10 I AVE. I cfu
1.00E+06 I 39 I 36 I 31 32 41 41 40 33 18 33 | 3.44E+07 3.44E+09
1.00E+07 I 3 I 1 2 7 2 2 4 2 2 3 I 5.60E+07 5.60E+09 *

CONTROL
DILUTION 1 I 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+05 22 I 13 15 16 9 22 26 16 14 17 1.70E+06 1.70E+08
1.00E+06 5 1 0.5 2 1 2 4 3 1 0.5 2.50E+06 2.50E+08

I
I

EXPERIMENT
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+04 12 14 18 9 13 17 8 15 10 15 1.87E+05 1.87E+07 -2

1.00E+07 14 17 17 15 13 11 12 | 17 12 12 1.40E+08 1.40E+10
1.00E+07 14 17 17 15 13 11 12 17 12 12 1.40E+08 1.40E+10
1.00E+05 22 13 15 16 9 22 26 | 16 14 | 17 1.70E+06 1.70E+08
1.00E+04 | 12 14 18 9 13 17 | 8 | 15 | 10 | 15 1.87E+05 1.87E+07
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DATE: 01-09-9«5 BACTERIA TYPE: PSEUDOMONAS / I

FIELD TYPE:DC SET # 2 EXP. # 4 ANTIBIOTIC CONC: 5 ma/l
CSROWTH TIME 21 hlours 1:1 mA V: 8.62 v

I----------ORIGINALIOOUNT --------------------------------:DILUTION 1 2 3 4 5 6 7 8 9 10
n r

AVE. cfu
1.00E+06 34 35 29 28 42 33 26 25 25 3.19E+07 3.19E+09
1.00E+07 b  . 5 5 5 3 3 3 3 7 0.5 4.39E+07 4.39E+09

I II

i/E CONTROL
DILUTION 1 | 2 3 I 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 13 I 27 14 11 13 11 5 19 15 30 1.58E+07 1.58E+09 *
1.00E+07 2 I 3 2 3 0.5 1. 1 3 0.5 0.5 2.36E+07 2.36E+09

I I
I I
CONTROL

DILUTION 1 | 2 3 4 5 6 7 8 9 10 AVE. cfu I
1.00E+06 2 4 6 5 6 3 7 . 6 5 2 4.60E+06 4.60E+08 j
1.00E+07 1 0.5 0.5 0.5 0.5 1 0.5 0.5 0.5 0.5 3.00E+07 3.00E+09 j

I
I I

EXPERIMENT I I
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS;
1.00E+01 11 6 14 11 15 10 14 10 10 12 1.13E+02 1.13E+04 -5

1.00E+07 5 5 5 5 | 3 | 3 3 3 7 I 0.5 I 4.39E+07 4.39E+09
1.00E+07 2 3 2 3 I 0.5 | 1 1 3 0.5 0.5 2.36E+07 2.36E+09
1.00E+06 2 4 6 5 I 6 | 3 7 6 5 | 2 j 4.60E+06 4.60E+08 , :

1.00E+01 11 6 14 11 I 15 I 10 , 14 10 10 | 12 | 1.13E+021 1.13E+04
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DATE: 01-19-9e BACTERIA TYPE: PSEUDOMONAS fi m Ti C 0 1

FIELD TYPE:DC SET # 2 EXP. # 5 ANTIBIOTIC CONC: 5 ma/l
GROWTH TIME. 18.5 Hours I: 1 mA V: 8.62 v

JRIGINAL COUNT I
DILUTION 1 2 3 4 5 6 7 8 9 10 I AVE. cfu I
1.00E+06 19 21 25 21 17 21 23 15 23 15 I 2.00E+07 2.00E+09
1.00E+07 3 3 2 1 0.5 3 4 2 4 3 2.83E+07 2.83E+09

I I
posiTn/E CC>NTROL

DILUTION 1 I 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 12 I 12 11 13 7 12 11 10 | 16 15 1.19E+07 1.19E+09 *
1.00E+07 1 3 2 0.5 0.5 2 | 1 3 0.5 0.5 2.33E+07 2.33E+09I

CONTROL
DILUTION | 1 | 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+05 I 30 I 15 20 24 21 20 21 15 23 13 2.02E+06 2.02E+08
1.00E+06 2 |  5 1 1 2 1 1 3 3 1 2.00E+06 2.00E+08

I I
EXPERIMENT

DILUTION 1 2 3 4 5 I 6 7 8 9 10 AVE. cfu ECREAS
1.00E+01 1 1 0.5 0.5 0.5 I 2 2 1 1 0.5 1.67E+01 1.67E+03 -6

1.00E+06 19 21 25 21 |  17 21 I 23 I 15 I 23 15 2.00E+07 2.00E+09
1.00E+06 12 12 11 13 7 12 11 10 16 15 1.19E+07 1.19E+09
1.00E+05 30 15 20 24 21 20 I 21 I 15 I 23 13 2.02E+06 2.02E+08 I
1.00E+01 1 1 0.5 0.5 I 0.5 2 | 2 I I I 1 0.5 1.67E+01 1.67E+03 I
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DATE: 01-25-91 BAC,TERIA TYPE: PSEUDOMONAS AERUGINOSA I i
FIELD TYPE:DC SET # 2 EXP.# 6 ANTIBIOTIC CONC: 5 ma/l
UKUWTH TIME 17 I-lours I: 5 mA V: v

ORIGINAL COUN
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 19 22 27 17 25 30 23 32 28 31 2.54E+071 2.54E+09

I I I
POSITN/E CONTROL

DILUTION 1 I 2 3  I 4 5 6 7 8 9 10 AVE. Cfu I
1.00E+06 14 I 10 6 2 16 9 10 11 5 12 9.50E+06 9.50E+08 |
1.00E+07 3 1 2 1 0.5 2 1 2 0.5 0.5 1.93E+07 1.93E+09 I

I

CONTROL
DILUTION 1 | 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+05 32 I 26 31 16 | 24 23 25 21 27 30 2.55E+06 2.55E+08
1.00E+06 4 I 3 3 4 0.5 4 4 4 2 8 4.06E+06 4.06E+08

I I
I I

EXPERIMIENT
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+01 O.b 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5.00E+00 5.00E+02 -6

•

1.00E+06 19 22 27 17 25 30 23 32 28 31 2.54E+07 2.54E+09
1.00E+06 14 10 6 2 16 9 10 11 5 12 9.50E+06 9.50E+08 |
1.00E+05 32 26 I 31 16 24 23 25 21 27 | 30 12.55E+06 2.55E+08
1.00E+01 O.b 0.5 | 0.5 | 0.5 0.5 0.5 0.5 | 0.5 0.5 | 0.5 I 5.00E+00 5.00E+02 I
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DATE: 02-01-96 BACTERIA TYPE: PSEUDOMONAS AERUGINOSA I
FIELD TYPE: DC SET # 2 EXP. # 7 ANTIBIOI 0 1 Ol I

'

GROWTH TIME: 17 Hours I: 7.5 mA V: v

DRIGINAL COUN1 "
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 11 27 16 27 21 19 18 18 26 16 1.99E+07 1.99E+09

I
_ _ _ L

I
p o s iT r /E  CCINTROL

DILUTION 1 | 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 17 15 12 18 19 21 15 | 14 19 20 1.70E+07 1.70E+09 *
1.00E+07 j 4 I 1 1 3 0.5 2 1 1 0.5 0.5 2.07E+07 2.07E+09

I I
I

CONTROL
DILUTION I 1 | 2 3 4 5 6 7 8 9 10 AVE. I cfu
1.00E+05 I 26 j 32 31 33 22 22 26 26 23 32 2.73E+06 2.73E+08
1.00E+06 j 1 | I 1 3 0.5 4 2 5 4 1 2.50E+06 2.50E+08

I I
EXPERIMENT

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+01 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5.00E+00 5.00E+02 -7

1.00E+06 11 27 16 27 21 19 18 18 26 16 |  1.99E+07 1.99E+09
1.00E+06 17 15 12 18 19 21 15 14 19 20 1.70E+07 1.70E+09
1.00E+05 26 32 31 33 I 22 22 26 26 23 32 I 2.73E+06 2.73E+08 |
1.00E+01 0.5 0.5 0.5 0.5 j 0.5 0.5 0.5 |  0.5 0.5 0.5 J 5.00E+00 5.00E+02 j
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DATE: 02-08-9(> BACTERIA TYPE: PSEUDOMONAS / lERUGINOSA i I
FIELD TYPE:DC SET # 2 EXP. # 8 ANTIBIOl I
GROWTH TIME 17 Hlo u r s 1:1 mA V: v

ORIGINAL COUNT
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. c fu
1.00E+06 1b 14 13 12 11 15 13 12 11 11 1.27E+07 1.27E+09

I I I I
POSITIVE CONTROL

DILUTION 1 | 2 3 4 5 6 7 8 9 10 AVE. c fu
1.00E+06 14 | 18 15 40 65 3 8 1 7 8 7 1.85E+07 1.85E+09
1.00E+07 2 2 3 2 0.5 1 1 I 1 1 0.5 1.75E+07 1.75E+09 *

I
CONTROL

DILUTION 1 I 2 3 4 5 6 7 8 9 10 AVE. c fu
1.00E+05 19 I 11 9 18 9 22 18 10 MT MT 1.45E+06 1.45E+08
1.00E+06 ■ J j .  1 3 0.5 0.5 1 2 4 5 2 2.20E+06 2.20E+08

I I
I I

EXPERIMENT
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. c fu ECREAS1
1.00E+01 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5.00E+00 5.00E+02 -7I

1.00E+06 15 14 13 12 11 15 13 | 12 11 11 1.27E+07 1.27E+09 I
1.00E+06 14 18 15 40 65 3 8 I 7 8 7 1.85E+07 1.85E+09 |
1.00E+06 3 1 3 0.5 0.5 1 2 4 5 ' 2 2.20E+06 2.20E+08
1.00E+01 0.5 0.5 0.5 I 0.5 0.5 0.5 0.5 | 0.5 0.5 | 0.5 5.00E+00| 5.00E+02 I
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DATE: 03-07-9( BACTERIA TYPE: PSEUDOMONAS AERUGINOSA I I
FIELD TYPE: DC

- SET # 2 EXP. # 9 ANTIBIOlrIC CONC: 5 mq/l
GROWTH TIME 17 Hours I: .5 mA V: v

'

ORIGINAL COUN
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+07 I 3 3 5 5 6 I 3 3 4 6 8 4.60E+07 4.60E+09

I I
POSDT/E CONTROL

DILUTION 1 | 2 -L-Lj L 5 6 7 8 9 10 AVE. cfu
1.00E+06 21 | 18 22 | 27 27 16 19 17 21 22 | 2.10E+07 2.10E+09 *
1.00E+07 | 3 |  3 1 1 2 4 1 3 1 1 2.00E+07 2.00E+09

I I

I I
CONTROL

DILUTION 1 |  2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 24 I 21 13 23 24 14 |  20 22 16 14 1.91 E+07 1.91E+09 |
1.00E+07 2 1 2 1 0.5 3 |  3 1 2 0.5 1.60E+07 1.60E+09 |I zzr™

I I
EXPERIMENT

DILUTION 1 2 3 4  |  5 |  6 7 8 9 10 AVE. cfu cfu
1.00E+03 34 27 26 23 24 29 19 26 29 21 2.58E+04 2.58E+06 -3
1.00E+04 1 2 3 0.5 0.5 2 5 3 1 1 1.90E+04 1.90E+06 -3

I
1.00E+07 I 3 3 5 5 6 3 3 4 6 |  8 |  4.60E+071 4.60E+09 I
1.00E+06 21 18 22 27 27 16 19 17 |  21 |  22 |2.10E+07| 2.10E+09 j
1.00E+06 24 21 13 23 24 14 20 I 22 I 16 |  14 I 1.91 E+071 1.91E+09 j
1.00E+03 I 34. 27 26 23 24 29 19 I 26 I 29 I 21 |  2.58E+04 j 2.58E+06 |
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DATE: 03-14-9( BACTERIA TYPE: PSEUDOMONAS 4AERUGINOSA I
FIELD TYPE: DC SET # 2 EXP.# 10 ANTIBIOl IC CONC: 5 mg/I
GROWTH TIME 17 I-lours I: .5 mA V: v I

ORIGINAL COUN
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu I
1.00E+07 4 5 5 5 5 6 3 9 3 6 5.10E+07 5.10E+09

I I
p o s i T r /E  CONTROL

DILUTION - I l 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+04 9 j 7 12 10 12 9 9 8 5 6 8.70E+04 8.70E+06 *
1.00E+05 8 2 1 1 2 2 0.5 0.5 0:5 0.5 1.80E+05 1.80E+07

I
I I
CONTROL

DILUTION 1 | 2 | 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+05 22 I 23 I 23 29 28 39 21 37 28 25 2.75E+06 2.75E+08
1.00E+06 j 4 | 2 | 4 3 5 6 4 1 1 | 0.5 3.05E+06 3.05E+08,

I I I
I I :

EXPERIM ENT
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+03 19 37 40 38 32 18 33 25 35 39 3.16E+04 3.16E+06 0
1.00E+04 . 9 1 1 2 3 6 2 7 2 4 3.70E+04 3.70E+06 0

1.00E+07 4 5 5 5 5 6 3 9 3 | 6 5.10E+07 6.00E+02 5.10E+09
1.00E+04 9 7 12 10 12 9 9 8 5 6 8.70E+04 6.00E+02 8.70E+06
1.00E+05 22 23 23 29 28 39 21 37 28 j 25 2.75E+06 2.50E+03 2.75E+08
1.00E+03 19 37 40 38 32 18 33 25 35 | 39 | 3.16E+04 3.90E+03 | 3.16E+06
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DATE: 03-29-913 | BAC ,TERIA TYPE: PSEUDOMONAS AERUGINOSA I
FIELD TYPE: DC SET # 2 EXP.# 11 ANTIBIOTIC CONC: 5 ma/l
GROWTH TIME 17 hlours 1:1 mA V: v

ORIGINAL COUhIT
DILUTION I 2 3 4 5 6 | 7 8 9 10 AVE. cfu
1.00E+07 16 8 10 12 10 9  I 7 5 9 7 9.30E+07 9.30E+09

-

I I I
POSITIVE CONTROL

DILUTION I 1 | 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 I 30 I 33 23 26 I 31 30 29 27 32 | 35 2.96E+07 2.96E+09
1.00E+07 | 4 I 3 2 2 I 6 2 1 4

3 4 3.10E+07 3.10E+09 *
I I

CONTROL
DILUTION | 1 | 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+05 I 6 I 6 10 10 7 6 12 5 12 12 8.60E+05 8.60E+07
1.00E+06 I 2 | 2 1 0.5 0.5 ...1 I 1 0.5 0.5 0.5 9.50E+051 9.50E+07

I I
' I I

NO ANTIBIOTIC/DC FIELD .
DILUTION | 1 | 2 | 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+04 I 37 I 26 I 24 34 29 23 34 25 24 21 2.77E+05 2.77E+07 -2
1.00E+05 I 3 I 5 | 2 2 2 2 7 4 3 1 3.10E+05 3.10E+07 -2
1.00E+06 I 1 | 1 | 1 1 0.5 1 1 0.5 0.5 0.5 8.00E+05 8.00E+07 -2

I I I
I

EXPERIMENT
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+03 17 26 18 15 22 30 19 22 17 24 2.10E+04 2.10E+06 -3
1.00E+04 1 2 4 2 0.5 4 5 2 3 0.5 2.40E+04 2.40E+06 -3

1.00E+07 16 8 10 12 10 9 7 5 9 I 7 9.30E+07 9.30E+09
1.00E+06 30 33 23 26 31 30 29 27 32 | 35 2.96E+07 2.96E+09
1.00E+05 6 6 10 10 7 6 12 5 12 | 12 8.60E+05 8.60E+07
1.00E+04 37 26 24 34 29 23 34 25 24 21 2.77E+051 2.77E+07
1.00E+03 17 26 18 I 15 22 30 19 22 17 I 24 2.10E+041 2.10E+06
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DATE
FIELD TYPE:DC SET # 2 EXP.# 12> ANTIBIO

I
F C CONC: 5 mg/I

G R O W TH TIME: 17 I-lours I: 3 mA V: v

ORIG NAL COUNIT
DILUTION I 2 3 -LLL 6 7 8 9 10 AVE. cfu j
1.00E+07 ti b 3 8 | 7 7 7 4 9 6 6.20E+07 6.20E+09

'

I
POSITIVE CC)NTROL

DILUTION | 1 | 2 | 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 I 20 I 17 17 26 22 | 27 20 20 29 20 2.18E+07 2.18E+09 *
1.00E+07 J  1 J  2 3 2 0.5 2 3 4 6 3 2.65E+07 2.65E+09

I I
I

CONTROL
DILUTION | 1 | 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 I 7 I 8 9 4 5 7 6 13 6 10 7.50E+06 7.50E+08
1.00E+07 j 3 J 1 1 0.5 0.5 1 2 0.5 0.5 3 1 1.05E+07 1.05E+09

I I I
I I I

NO ANTIBIOTIC/DC FIELD
DILUTION 1 I 2 j 3 4 5 6 7 8 9 | 10 AVE. cfu I ECREAS
1.00E+05 13 j 5 I 11 14 9 4 5 11 3 j 10 8.50E+05 8.50E+07 -1
1.00E+06 2 2 1 0.5 | 0.5 1 1 1 0.5 0.5 1.00E+06 1.00E+08 -1

I _____I ---------- ------------------------
I I ------------- H ----------------
I I

EXPERIMI=NT
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+05 6 8 8 4 8 7 12 8 8 8 7.70E+05 7.70E+07 -1
1.00E+06 1 1 0.5 0.5 0.5 1 1 1 0.5 | 0.5 7.50E+05 7.50E+07 -1

I

1.00E+07 6 5 3 8 7 7 7 4 9 6 6.20E+07 6.20E+09
1.00E+06 20 17 17 26 22 27 20 20 29 20 2.18E+07 2.18E+09
1.00E+06 7 8 9 4 5 7 6 13 6 10 7.50E+061 7.50E+08
1.00E+05 13 5 11 14 9 4 5 I 11 3 10 8.50E+05 8.50E+07
1.00E+05 6 8 8 4 8 7 12 | 8 8 8 7.70E+051 7.70E+07 |
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DATE: 04-11-96
FIELD TYPE: DC SET # 2 e x p .#  i : ANTIBIO"

I

NC CONC: 5 ma/lGROWTH TIME 17 hlours 1:1 mA V: v

ORIGINAL OOUNIT
DILUTION I 2 3 4 5 6 | 7 8 9 10 AVE. cfu
1.00E+06 33 63 23 37 48 29 38 48 36 38 3.83E+07 3.83E+09
1.00E+07 3 . 1 2 5 4 3 1 2 7 5 3.30E+07 3.30E+09

I
POSITIVE CONTROL

DILUTION 1 I 2 I 3 4 5 6 7 8 9 10 AVE. cfu I
1.00E+06 11 | 6 9 12 8 14 13 11 4 13 1.01E+07 1.01E+09 *
1.00E+07 _ L  1 2 2 0.5 3 3 1 0.5 0.5 1.45E+07 1.45E+09I

I I
CONTROL

DILUTION | 1 | 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+04 I 51 I 47 39 40 43 31 51 35 33 32 4.02E+05 4.02E+07
1.00E+05 j 4 J 2 3 4 I 4 4 6 1 5 3 3.60E+051 3.60E+07___  I I I

I I
NO ANTIBIOTIC/DC FIELD

DILUTION 1 | 2 | 3 4 5 6 7 8 9 | 10 AVE. cfu ECREAS
1.00E+02 26 41 34 26 32 36 25 25 28 20 2.93E+03 2.93E+05 -4
1.00E+03 2 j 1 j 2 4 2 3 3 2 3 1 2.30E+03 2.30E+05 -4I I

I I
I

EXPERIMENT
DILUTION -L L L 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+03 6 9 12 6 10 6 9 4 5 12 7.90E+03 7.90E+05 -3

\

1.00E+06 33 53 23 37 48 29 38 48 36 38 3.83E+07 3.83E+09
1.00E+06 11 6 9 12 8 14 13 11 | 4 13 1.01 E+07 1.01E+09 |
1.00E+04 51 47 39 40 43 31 I 51 35 | 33 | 32 4.02E+05 4.02E+07 I
1.00E+02 26 41 34 26 32 36 I 25 25 j 28 j 20 2.93E+03 2.93E+05
1.00E+03 6 9 12 J 6 10 6 | 9 4 | 5 | 12 /.9Ub+03| 7.90E+05 | ,
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DATE: 04-25-913 BACTERIA TYPE: PSEUDOMONAS AERUGINOSA I :
FIELD TYPE:DC SET # 2 EXP.# U ANTIBIOl II
GROWTH TIME 17 Hours I: I mA V: v

- t

ORIGINAL COUNT
DILUTION I 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+07 11 7 7 6 5 7 7 6 6 5 6.70E+07 6.70E+09

>
I

"ORIGINAL/PLANTONIC/ANTIBIOTIC
DILUTION I 1 | 2 3 | 4 | 5 6 7 8 9 10 AVE. cfu
1.00E+03 I e j s 3 | 3 I 5 6 1 3 4 I 3 3.70E+03 3.70E+05 I

_________ L I

J

I I ----- ------- 1 ------- —
I I
CONTROL

DILUTION | 1 | 2 3 4 5 6 7 8 9 10 AVE. cfu I
1.00E+05 I 1 | 6 3 2 2 3 • 9 8 4 6 4.40E+05 4.40E+07

_________ LI I
i i

DC-1 OLD BOX
DILUTION I 1 | 2 | 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+01 0.5 I 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5.00E+00 5.00E+02 -3

|

I I
I I I
DC-2 NEW BOX

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+03 16 23 14 17 8 17 14 22 18 12 1.61E+04 1.61E+06 1

1.00E+07 11 7 7 6 5 . 7 7 6 6 5 6.70E+071 6.70E+09
1.00E+03 6 3 3 3 5 6 1 3 4 3 3.70E+031 3.70E+05
1.00E+05 1 6 3 2 2 3 9 8 4 6 4.40E+051 4.40E+07
1.00E+01 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5.00E+001 5.00E+02
1.00E+03 16 23 14 17 8 17 14 22 18 12 | 1.61E+041 1.61E+06
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DATE: 05-02-913 BACTERIA TYPE: PSEUDOMONAS AERUGINOSA
FIELD TYPE: DC SET # 2 EXP.# 1* ANTIBIOlr C CONC: 5 mg/I
GROWTH TIME 17 Hours 1:1 mA V: v

ORIG NAL COUN T
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+07 12 10 9 10 11 17 10 13 12 9 1.13E+08 1.13E+10

I I
ANTIBIOTIC/PLANTONIC

DILUTION - L I  2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+02 33 | 21 33 32 23 26 34 22 30 19 2.73E+03 2.73E+05
1.00E+03 4 4 1 0.5 0.5 2 2 2 2 3 2.10E+03 2.10E+05

POSITIVE CONTROL
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+06 19 | .22 16 13 19 14 22 13 14 18 1.70E+07 1.70E+09 *
1.00E+07 3 I 3 2 2 0.5 2 4 3 0.5 0.5 2.05E+07 2.05E+09

,  I

CONTROL
DILUTION I 1 | 2 3 4 5 6 7 8 9 10 I AVE. cfu ECREAS
1.00E+05 I 13 | 9 12 11 11 18 8 9 10 9 I 1.10E+06 1.10E+08
1.00E+06 I 1 | 1 3 1 0.5 2 0.5 0.5 0.5 0.5 1.05E+06 1.05E+08

I I I
I

NEW BOX-STRT-PLAl
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+01 2 3 3 2 0.5 1 4 1 3 0.5 2.00E+01 2.00E+03 -6

I
NEW BOX-DIAG.-PLAT

DILUTION 1 I 2 I 3 | 4 | 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+04 14 I 16 I 14 | 10 | 13 13 12 9 14 13 1.28E+05 1.28E+07 -2
1.00E+05 2 2 1 2  T 0 5 1 1 2 3 0.5 1.50E+051 1.50E+07 -2

NEW BOX-DIAG.-SS PLATES
DILUTION 1 2 3 | 4 | 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+02 7 5 8 6 I 0.5 8 4 1 4 3 4.65E+02 4.65E+04 -5

I
I  I
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DATE: 05-09-913 BACTERIA TYPE: PSEUDOMONAS >IERUGINOSA I
FIELD TYPE:DC SET # 2 EXP.# K> ANTIBIOTIC CONC: 5 mg/IGROWTH TIME 17 Plours 1:1 mA V: v

ORIGINAL COUhIT
DILUTION I 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS1.00E+07 B b 9 11 5 5 6 6 8 9 7.30E+07 7.30E+09

-
ANTIBIOTIC/PLANTONIC

DILUTION 1 2 3 4 5 6 . 7 8 9 | 10 AVE. cfu I ECREAS
1.00E+02 37 26 33 19 17 30 30 31 21 28 2.72E+03 2.72E+05
1.00E+03 4 2 2 1 0.5 3 . 5 3 3 0.5 2.40E+03 2.40E+05

'
POSITIVE CONTROL

DILUTION 1 | 2 3 4 5 6 7 8 9 10
30

AVE. cfu | ECREAS
1.00E+06 26 I .25 24 32 19 18 22 23 22 2.41E+07 2.41 E+09 I
1.00E+07 I 2 I I I 2 2 2 5 I 2 4 2.20E+07 2.20E+09I I ------- -----------------

I I
CONTROL

DILUTION -L L L 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+05 21 | 13 15 13 9 18 17 15 12 15 1.48E+06 1.48E+08
1.00E+06 2 2 ■ 2 3 1 0 5 2 2 1 0.5 0.5 1.55E+06 1.55E+08I I I

I
NEW BOX-STRT-HOR.-SS

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+03 5 4 5 5 4 3 8 5 7 5 5.10E+03 5.10E+05 -4

"

OLD 30X-SITRT-SS.
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+00 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5.00E-01 | 5.00E+01 -8

NEW BOX-STRT-VER.-SS.
DILUTION 1 2 | 3 4 | 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+03 11 7 3 5 8 14 5 6 12 8 7.90E+03 7.90E+05 -3

I

I I
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DATE: 05-16-9 3 BACTERIA TYPE: PSEUDOMONAS AERUGINOSA IFIELD TYPE:DC I SET #2 EXP.# V 1f ANTIBIO’DC CONC: 5 ma/l
UKOWTH Time 1/.5 Houi-s 1:1 mA V: v

URIUINAL COUhJT
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASEI

4 4 3 3 3 6 6 3 3 3 I 3.802+07 3.802+09

I 'i I i i .I-----------
ANlrieio ric/pi-ANTIDNIC

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. | cfu ECREASE
1.00E+02 1ti 16 16 20 15 16 14 16 18 22 1.722+03 1.722+05
1.002+03 2 2 0.5 0.5 0.5 1 1 ■ 0.5 0.5 0.5 9.002+02 9.002+04

------------1
I l l l I

posiTrJ E  CC>NTR<DL I
DILUTION 1 I 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+06 11 I 11 13 9 19 16 10 14 10 23 1.362+07 1.362+09 *
1.002+07 3 I 1 1 I 0.5 1 1 2 1 4 1.552+07 1.552+09

I I
I I •
CONTROL

DILUTION 1 | 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.002+05 9 I 5 7 7 8 2 6 6 9 6 6.502+05 6.502+07
1.002+06 2 1 0.5 0.5 0.5 2 I 1 0.5 0.5 9.502+05 9.502+07

I ,
I

NEW BOX-STRT-SS
DILUTION 1 2 3 4 5 6 7 8 9 10 | AVE. cfu I ECREASE
1.002+00 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5.002-01 5.002+01 -7

I
NEW BOX-DIAG.-ss.

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu I ECREASE
1.002+03 25 24 25 24 20 24 26 23 27 27 2.452+04 2.452+06 -3 I

OLDEJOX-SITRT-SS-REVERSE POLARITY
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.002+04 11 8 3 6 5 10 8 9 6 10 7.602+04 7.602+06 -2
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DATE: 05-23-9*3 BAC,TERIA TYPE: PSEUDOMONAS AERUGINOSA I I
FIELD TYPErDC SET #2 EXP. # 1£ ANTIBIOTIC CONC: 5 ma/l
GROWTH TIME 18 hlours 1:1 mA V: v ~ l------------- ;

OKIGINAL COUhIT - J - - - - - - - - - - - - - - - - - - - - - - - - -

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. I cfu ECREASE
1.00E+07 / 4 6 6 7 10 9 8 9 6 7.20E+071 7.20E+09 ' i

I I I
ANlriB io-ric /p i_ANT(DNIC

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+03 22 20 18 17 11 24 21 20 22 11 1.86E+04 1.86E+06
1.00E+04 0 5 4 1 1 2 1 1 2 4 2.10E+04 2.10E+06

I I I
p o s iT r /E CCINTROL

DILUTION 1 I 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+06 8 14 7 10 7 11 6 9 7 6 8.50E+06 8.50E+08 ;

I
I

I I
CONTROL

DILUTION I 1 I 2 3 4 5 6 7 8 9 10 AVE. I cfu ECREASE
1.00E+05 I 1 I 2 0.5 0.5 0.5 1 1 0.5 0.5 0.5 8.00E+04 j  8.00E+06

I
I -------------- --------------

I l l l
NEW BOX-STRT-SS-E.FIELD

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+03 1 1 3 3 1 6 3 4 4 5 3.10E+03 3.10E+05 -3

NEW BOX-DIAG.-SS PLATES
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+02 9 11 12 9 9 13 9 17 11 10 1.10E+03 1.10E+05 -4
1.00E+03 1 3 3 2 2 1 1 1 5 0.5 1.95E+03 1.95E+05

NEW BOX-STRT SS WIRE-REVERSE POLARITY
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 5 3 7 6 5 4 3 4 6 6 4.90E+01 4.90E+03 -5
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DATE: 05-30-9 6 | BAC ,TERIA TYPE: PSEUDOMONAS AERUGINOSA I —r-------------1
FIELD TYPE:DC SET # 2 EXP.# I 9 ANTIBIO FIG CONC: 5 ma/l
UKUW I MTmflE: 18 Ilo u rs 1:1 mA V: V

ORIG INAL courJT — —

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE1.00E+07 8 b / 5 4 6 6 6 4 3 5.50E+07 5.50E+09

I I
AN riB io TIC/PLANT DNIC

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+02 / 6 5 2 3 7 6 4 7 5 5.20E+02 5.20E+04
1.00E+03 1 1 1 1 0.5 1 1 2 0.5 0.5 9.50E+02 9.50E+04

■I I I I
POSITI VECC>NTR<DL

DILUTION 1 | 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+06 7 9 6 6 4 8 9 7 3

H b
6.70E+06 6.70E+08

I
I
I

CONTROL
DILUTION 1 I 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+04 24 24 26 17 26 14 20 31 27 23 2.32E+05 2.32E+07
1.00E+05 3 I 2 1 0.5 2 3 2 2 2 1.85E+05 1.85E+07

I
I I I I

NEW BOX-STRT-SS-E .FIELD-5.4V
DILUTION - U - L 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+04 36 28 51 36 30 43 39 34 26 31 I 3.54E+05 3.54E+07 -I
1.00E+05 t i 3 12 2 9 2 8 3 11 7 6.60E+05 6.60E+07

NbW BOX-STRT -SS-E FIELD-10.8 V
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+05 4 3 4 4 6 4 3 1 2 5 3.60E+05 3.60E+07 -I

I
OLD I30X-SITRT-SS-E. FIELD-5 V

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+05 3 6 3 3 1 4 2 2 2 3 2.90E+05 2.90E+07 -1

'
ULUbJOX-S TRT-!3S-E.I=IELD-S V-REVERSE POLARITY

DILUTION 1 2 3 4 5 6 7 8 | 9 10 AVE. cfu I ECREASE
1.00E+05 11 13 11 10 15 5 11 11 8 15 1.10E+06 1.10E+08 -1



136

DATE: 06-07-96 BA!,TERIA TYPE: PSEUDOMONAS AERUGINOSA I i
FIELD TYPE:DC| SET #2 EXP. # 20 ANTIBIOTIC CONC: S ma/l
G R O W TH TIME:: 18 Hoursi I: I mA V: v

ORItiINAL COUlMT
UlLU I ION I I 2 3 4 5 6 7 8 9 10 AVE. c fu ECREASE
1.00E+071 4 6 2 6 6 5 3 10 6 5 5.20E+07 5.20E+09

I I
ANlriBio nc/p LANTONIC

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. c fu ECREASE
1.00E+02 12 13 12 8 18 10 15 20 10 18 1.36E+03 1.36E+05
1.00E+03 3 1 4 3 2 4 3 3 3 0.5 2.65E+03 2.65E+05

posiTrl/E CONTROL
DILUTION | 1 | 2 3 I 4 5 6 7 8 9 10 AVE. c fu ECREASE
1.00E+061 3 I 5 6 4 9 8 5 8 3 4 5.50E+06 5.50E+08

■ I
I I
I i

CONTROL/A
DILUTION ! 1 | 2 | 3 4 5 6 7 8 9 10 AVE. c fu ECREASE
1.00E+041 5 | 7 I 7 33 33 4 5 5 6 4 1.09E+05 1.09E+07

I I
I I I
I I I I

CONTROUF - 4 mA I
DILUTION 1 | 2 | 3 4 5 | 6 7 8 9 10 AVE. c fu ECREASE
1.00E+06 7 3 3 I 3 5 4 2 I 1 3.00E+06 3.00E+08

I I I
I I I I I

#1.- MO AlMTI/FIELD -1 mA I
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. c fu ECREASE
1.00E+02 3 6 6 3 3 13 3 3 3 6 4.80E+02 4.80E+04 -4

# 2 -1 MO AlMTI/FIELD - 2 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. c fu ECREASE
1.00E+01 14 / 15 13 12 26 7 10 12 13 1.29E+02 1.29E+04 -5

i
I# 3 -> XNTI/IrIELD -1 mA

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. c fu ECREASE
1.00E+01 0.6 0.5 0.5 0.5 0.5 0.5 0.5 | 0.5 0.5 0.5 5.00E+00 5.00E+02 -6

# 4 - ANTI/FIELD - 2 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. c fu ECREASE
1.00E+01 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5.00E+00 5.00E+02 -6
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DATE: 06-20-96 BA!OIbR A TYPE: PSEUDOMONAS AERUGINOSA I I
FIELD TYPE.DCl SET #  2 EXP. # 2I ANTIBIOTIC CONC: 5 mg/I
UKUWI h :: 15 Hours» I: V: v

ORIGINAL UOUIMT
UILU MUIN 1 2 I  3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+07 7 4 4 3 3 5 3 4 1 | 8 4.20E+07| 4.20E+09 ■ ------------------------- -

AN IBIU IIC/P LANI ONIC
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 1 1 3 3 3 3 3 1 1 0.5 1.95E+01 1.95E+03 ---------------

------------ ■ '

POSITIVE CONTROL no aiiti/ no field)
DILUTION | 1 | 2 | 3 I 4 5 6 7 8 9 10 I AVE. cfu I ECREASE
1.00E+061 6 | 8 I 6 I 7 2 10 6 2 3 7 5.70E+06 5.70E+08

I l I I I
I l l l l
I l l l l

CONTROL (anti/no field)
DILUTION I I 2 I 3 | 4 | 5 6 7 8 9 10 AVE. I cfu ECREASI
1.00E+04 3 5 5 2 6 8 3 8 2 4 4.60E+04| 4.60E+06

I I I
I l l l
I I . I I I,

2C - MOAIMTI/FIELD- 4 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+05 6 / 10 6 6 7 ■ 5 13 9 15 8.40E+05 8.40E+07 -1

#1 ■- hIO AN I !/HI=LD- 1 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+05 i 5 11 16 8 6 8 4 14 13 9.20E+05 9.20E+07 -1

# 2 -NIO AN IUHt=LD- 2 mA
DILUTION 1 2 3 4 5 | 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 0.5 0.5 0.5 0.5 0.5 | 0.5 |, 0.5 | 0.5 | 0.5 | 0.5 5.00E+00 5.00E+02 -6

#3 - ANI I/I-ELD -1 mi\
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5.00E+00 5.00E+02 -6

H - A NTI/FIELD - 2 my\
DILUTION 1 2 | 3 4 5 6 7 8 9 10 AVE. cfu I ECREASE
1.00E+01 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5.00E+00 5.00E+02 -6
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FIELD TYPE: DCl
BACTERIA TYPE: PSEUDOMONAS AERUGINOSA

GROWTH TIME: 18 Hours
SET #2

ORIGINAL COUNT
DILUTION
1.00E+06
1.00E+07

ANTIBIOTIC/PLANTONIC 
1

1.00E+02
1.00E+03

EXP. # 22

10
28

ANTIBIOTIC CONC: 5 mg/I

AVE.
2.73E+07 2.73E+09

10
4

2.95E+07 2.95E+09

ECREASE

AVE. cfu
4.20E+021 4.20E+04

POSITIVE CONTROL (no anti/ no field) 
1

1.00E+06 I 4

DILUTION
CONTROL (anti/no field)

1.00E+03

DILUTION
1.00E+06

8 8 I 12 I 13

I I I
2C - NO ANTI/FIELD-4 mA

4
10

#1 - NO ANTI/FIELD -1 mA
DILUTION
1.00E+05
1.00E+06

DILUTION
1.00E+01

10
9

2.20E+03 2.20E+05

ECREASE

AVE.
7.70E+06

10
13

10
13

5
18

#2 - NO ANTI/FIELD - 2 mA

#3 - ANTI/FIELD -1 mA
DILUTION
1.00E+01

DILUTION
1.00E+01

# 4 -ANTI/FIELD-2 mA
112

0.5 I 0.5

AVE.
1.11E+04

cfu
7.70E+08

cfu
1.11E+06

ECREASE

e c r e a s e

AVE.
1.12E+07

0.5 I 0.5

21
2

8 9

10
14

0.5 | 0.5 | 0.5

AVE.
1.60E+06
1.70E+06

1.12E+09

1.60E+08
1.70E+08

ECREASE

ECREASE

AVE.
5.00E+00

AVE.
5.00E+00

AVE.
5.00E+00

cfu
5.00E+02

cfu
5.00E+02

5.00E+02

ECREASE

ECREASE

ECREASE
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DATE: 07-04-96 BAC=TER A TYPE: PSEUDOMONAS AERUGINOSA I |
FIELD TYPE:DC| SET #2 EXP.# 2 i !ANTIBIOTIC CONC: 5 mg/I
UKUWIH MIVIt : 18 Hours I: V: v

I ORIGINAL 8 C MT
DILUTION 1 2 3 4 5 6 T 8 9 10 AVE. cfu I ECREASE
1.00E+07 3 4 / b __ e___ 8_ 8 12 10 6 6.90E+07 6.90E+09

____
___

I i ZANlriB ianc/pi-ANTONlCI
DILUTION 1 2 3 4 5 6 ~ 7 ~ 8 9

___
10 AVE. cfu ECREAS —

C C IT C 13 14 12 ti 11 11 5 12 9 3 9.90E+01 9.90E+03
1.00n+02 2 I b 2 2 4 0.5 4 2 4 2.65E+02 2.65E+04

___
I 'I I
POSITIVE CONTROL [no aiiti/ no field)

DILUTION I 1 I 2 I 3 I 4 C E 6 I 7 I 8 10 AVE. cfu ECREAS E
1.00E+06 7 j 8 I 7 I 7 Q L 9 6 9

___
4 12 7.90E+06 7.90E+08

--------------— LU__ L_ L Z
--------------— i____i____ i________ ___ _ _
I I i i i i

CONTROL (anti/no field)
DILUTION 1 I 2 I 3 I 4 I 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+03 5 CO -fw CO 12 14 10 11 17 1.40E+04 1.40E+06

I l l l l
2C- MO Al MTI/FIELD- 4 mA

DILUTION 1 2 3 4 5 6 “T " 8 9 rnr AVE. cfu ECREASE
1.00E+03 12 Ib 1/ M 9" 13 16 20 16 21 20 1.69E+04 1.69E+06 -3
1.00E+04 2 3 2 2 4 3 2 4 5 2 2.90E+04 2.90E+06 -2 !

___

#1 - hIOAN TI/FIt=LD- 1 mA
DILUTION 1 2 3 4 5 6 7 8 9

10
10 AVE. cfu ECREASE

1.00E+06 8 8 6 8 14 5 id 10 6 8.50E+06 8.50E+08 0
1.00E+07 1 3 2 2 2 T 0.5 1 0.5 1 0.5 I 0.5 I 1.30E+07 1.30E+09 0

# 2 -NIO AN I l/FIEELD- 2 mA
DILUTION 1 2 3 4 5 6 T " 8 9 10 AVE. cfu ECREASE
1.00E+05 34 31 40 22 49 34 43 48 29 37 3.67E+06 3.67E+08 0
1.00E+06 2 4 1 3 4 I 4 0.5 2 3 2.45E+06 2.45E+08 -I

# 3 -A NI I/I- I PS
DILUTION 1 2 3 | 4 | 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 3 4 3 2 0.5 ~ T ~ 2 4 3 2.30E+01 2.30E+03 -6

#4 - AINTiTFIELD -2  mA |
DILUTION 1 2 3 4 5 H T

~
T - I T 9 I 10 I AVE. cfu ECREASE

1.00E+01 2 3 2 3 3 T ~ ~T~ 0.5 2 H 1.70E+01 1.70E+03 -6
Z r

— — ___ _ _ Z r
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FIELD TYPEDCT
GROWTH TIME: 18 Hours

BACTERIA TYPE: PSEUDOMONAS AERUGINOSA 
SET # 2  I EXP.# 25

DILUTION
1.00E+07

ORIGINAL COUNT 
2
9

J____I

V: v

ANTIBIOTIC/PLANTONIC

10
9

ANTIBIOTIC CONC: S mg/I

AVE.
7.00E+07 7.00E+09

ECREASE

DILUTION 1 2 3 4 5 6 7 I 8 I 9 10 AVE. cfu ECREASE
1.00E+03 11 9 8 8 14 12 15 10 12 12 1.11E+04 1.11E+06

I I I
POSITIVE CONTROL (no anti/ no field

DILUTION I 1 I 2 I 3 I 4 I 5 6 7 8 9 10 AVE. cfu ECREASE
I I I L - ------------------------- -
I I I
I l l l l
I l l l l I

C ONTROL (ianti/no field) I
DILUTION 1 I 2 3 | 4 | 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+04 4 7 6 5 5 4 I 2 6 4 5.00E+04 5.00E+06

I I
I I I
I I I

#1 - J lXNTI/ cIELD -2 ir IA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+04 12 8 12 / 16 15 4 10 13 7 1.04E+05 1.04E+07 0

# 2 - /XNI I/I-IhLU -2  mA R averse Polarity
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+03 / 8 8 / 4 9 4 7 4 3 6.10E+03 6.10E+05 1

#1C ANI /HhLD -1 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+04 12 8 12 9 9 10 14 13 7 3 9.70E+04 9.70E+06 0

#2C - ANII/HhL D - .5 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+03 18 1b 23 21 20 23 12 20 14 18 1.84E+04 1.84E+061 0

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
|
I
|
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FIELD TYPEiDCf
BACTERIA TYPE: PSEUDOMONAS AERUGINOSA j

GROWTH TIME: 18 Hours
SET # 2

1.00E+07

ORIGINAL COUNT

EXP. #  26

1.00E+01

ANTIBIOTIC/PLANTONIC

ANTIBIOTIC CONC: 5 mg/I

AVE.
3.15E+07

DILUTION!
POSITIVE CONTROL (no anti/ no field

1.00E+06 I 8

CONTROL (anti/no field)
DILUTION I 1 I 2 I 3
1.00E+04 1

DILUTION
1.00E+01

#1 - ANTI/FIELD-2 mA
1 | 2

0.5 0.5

3.15E+09
ECREASE

AVE.
5.00E+00

8 9

DILUTION
1.00E+04

DILUTION
1.00E+01

# 2 j ANTI/FIELD - 2 mA - Reverse Polarity

#1C - ANTI/FIELD -1 mA

0.5 I 0.5

#2C - ANTI/FIELD - .5 mA
DILUTION
1.00E+01

DILUTION

ECREASE
5.00E+02

AVE.
4.70E+06 4.70E+08

10
5

9 | 10

AVE.
2.80E+04

ECREASE

2.80E+06

AVE.
0.5 0.5 5.00E+00

AVE.
2.85E+04

ECREASE

ECREASE
5.00E+02

2.85E+06

AVE.
5.00E+00

AVE.

ECREASE

5.00E+02

5.70E+01

AVE.

5.70E+03

ECREASE

ECREASE

ECREASE
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DATE: 08-01-96 BACIERIA TYPE: PSEUDOMONAS AERUGINOSA I I
FIELD TYPE:DC| SE!r # 2 EXP. # 27 ANTIBIOTIC CONC: 5 mq/lurxuw i r M IW t:: To Houn3 I: V: V

DILUTION 1
ORIG

2
INAL

3
COU

4
MT

5 6 7 8 9 10 AVE. cfu ECREASE1.00E+07 4 6 6 3 5 3 4 3 3 4 3.80E+07 3.80E+09

I I I
AN IIBIU IIU/PLANI ONIC

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS E
1.00E+04 2 5 2 I 2 1 3 2 2 8 2.80E+04 2.80E+06

POSITIVE CONTROL (no a iti/ nc field
DILUTION 1 I 2 | 3 | 4 5 6 7 8 9 10 AVE. cfu ECREAS E
1.00E+06 3 5 4 9 7 6 12 14 9 6 7.50E+06 7.50E+08

I I I
I I I

CONTrIOL (anti/no field)
DILUTION 1 2 I 3 I 4 I 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+04 2/ 30 I 17 I  26 |  16 24 16 18 26 20 2.20E+05 2.20E+07

I  I  I
I I I

I I I I

#1 - / \NTIzf-IELD -2 mA I
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+04 29 19 24 16 15 17 16 13 13 23 1.85E+05 1.85E+07 -2

#2-4IN I I/I- IhLD - 2 mA-Rjsverse Polarity
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+04 1U 16 13 12 16 9 17 12 13 11 1.31E+05 1.31 E+07 -2

#1C - ANII/HhL D-w/ controiler -1 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+03 3 6 9 / 5 4 7 8 4 3 5.80E+03 5.80E+05 -3

x
#2C - ANTI HhLIJ -1  rnA - Fteverse Polarity

DILUTION 1 | 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 0.5 | 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5.00E+00 5.00E+02 -6 -

DILUTION I 2 3 4 5 6 7 8 9 10 AVE. cfu I ECREASE
I
I
I
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DATE: 08-08-96 IBAIJ l b k IA TYPE: PSEUDOMONAS AERUGINOSA I I
FIELD TYPE:DC| | SET # 2 EXP. # 28 ANTIBIOTIC CONC: 5 mq/l
U K U W  I h iinnt:: 18 H o u r > I: V: V

-

URIbINAL UOUIMl
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+07 7 6 ti 5 I 3 8 5 5 8 6.202+07 6.202+09

I
AN r i B i o IIU/HLANI ONIC

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE1.002+02 13 24 1ti 25 30 24 28 24 22 26 2.342+03 2.342+05

POSITIVE CONTROL (no aiiti/ no field)
DILUTION I 1 I 2 I 3 I 4 I 5 6 7 8 9 10 AVE. cfu ECREASE
1.002+071 2 I 1 I 1 j 1 |  4 3 3 1 3 0.5 1.952+07 1.952+09

I I I I I
___________ I l l l l

CONTROL (2nti/no field )
DILUTION |  1 |  2 3 |  4 5 6 7 8 9 10 AVE. cfu ECREASE
1.002+06 J  7 j 0.5 2 1 2 2 4 2 0.5 0.5 2.152+06 2.152+08 I

I I
I I I
I I I
#1 - ANTI/I=IELD -2 m A

DILUTION I I 2 3 4 5 6 7 8 |  9 10 AVE. cfu IECREASE
1.002+05 4 4 / 4 2 6 4 9 5 6 5.102+05 5.102+07 -2

# 2 - / N̂ I I/I- IELD -2 m A - Reverse Polarity
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.002+05 6 4 3 6 7 5 6 6 4 3 5.002+05 5.002+07 -2

#1C - ANII/HbL D -w/{:ontroller -1 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.002+02 ti 5 ti 7 5 5 8 11 9 12 7.802+02 7.802+04 -4

#2C- ANII /HEL 0- l r nA - Reverse Polarity
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.002+02 6 6 ti 7 11 9 6 7 10 9 7.702+02 7.702+04 -4

'

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
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FIELD TYPE:DC|
BACTERIA TYPE: PSEUDOMONAS AERUGINOSA

GROWTH TIME: 18 Houre

DILUTION
1.00E+06

SET #2

ORIGINAL COUNT

DILUTION
1.00E+02

4
14

J__ L
ANTIBIOTIC/PLANTONIC

1

6
17

EXP. # 29 ANTIBIOTIC CONC: 5 mq/l

AVE.
1.96E+07

DILUTION!
POSITIVE CONTROL (no anti/ no field

1.00E+061 3 I I 1 I 1

I I I

DILUTION
CONTROL (anti/no field)

1.00E+04

DILUTION
1.00E+03

#1 - ANTI/FIELD-2 mA
2 M 6

23

1.96E+09
ECREASE

AVE. I
1.66E+03 1.66E+05

AVE.
2.10E+06

ECREASE

e c r e a s e
2.10E+08

8
15

DILUTION
1.00E+03

DILUTION
1.00E+01

DILUTION
.00E+02

DILUTION

#2 - ANTI/FIELD - 2 mA - Reveree Polarity

#1C - ANTI/FIELD - 2 mA - w/controller

#2C -A N T I/FIE L D -1 mA

T T T

AVE.
1.03E+05

AVE.

1.03E+07

1.61E+04 1.61E+06

10
4

ECREASE

ECREASE

AVE.
3.00E+03

AVE.
5.50E+00

10
3

AVE.
2.35E+02

AVE.

cfu
3.00E+05

5.50E+02

2.35E+04

ECREASE

ECREASE

ECREASE

ECREASE
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FIELD TYPE:DCT
BACTERIA TYPE: PSEUDOMONAS AERUGINOSA

GROWTH TIME: 18 Hours
SET #2

ORIGINAL COUNT
DILUTION
1.00E+07

EXP. # 30

ANTIBIOTIC/PLANTONIC
DILUTION
1.00E+03

ANTIBIOTIC CONC: S mg/I

AVE.
8.10E+07

DILUTION I
POSITIVE CONTROL (no anti/ no field

1.002+06 I 5

DILUTION! 1
CONTROL (anti/no field)

1.00E+05I 10

J___ L

T m

DILUTION
1. 002+02

DILUTION
1.002+04

#1 - ANTI/FIELD -1.5 mA w/controller

11
7

21

#2 - ANTI/FIELD - .5 mA w/controller
6

#4 - NO ANTI/FIELD -1 mA w/controller
DILUTION
1.002+07

DILUTION
1.002+05

DILUTION
1.002+06

5
10

8

8.102+09
ECREASE

10 AVE.
5 14.902+03 4.902+05

AVE.
4.502+06

AVE.
8.452+05

4.502+08

ECREASE

ECREASE

8.452+07

# 2C - NO ANTI/FIELD -1.5 mA - w/controller

#  3C - NO ANTI/FIELD - .5 mA w /controller
8

9

AVE.
1.242+03

AVE.
2.382+05

1.242+05

ECREASE

e c r e a se

2.382+07
ECREASE

AVE.
3.702+07

AVE.
2.102+05

10 AVE.
17 17.702+06

3.702+09

2.102+07

7.702+08

ECREASE

ECREASE

ECREASE
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FIELD TYPE:DC|
BACTERIA TYPE: PSEUDOMONAS AERUGINOSA

GROWTH TIME: 18 Houre

DILUTION

SET # 2

ORIGINAL COUNT
DILUTION
1.00E+05

DILUTION
1.005+01

EXP. #  31

ANTIBIOTIC/PLANTONIC

DILUTION I
POSITIVE CONTROL (no anti/ no field

1.00E+051

I____I
CONTROL (anti/no field)

DILUTION
.005+02

1.005+01

10
10

ANTIBIOTIC CONC: 5 tng/

AVE.
1.965+06 1.965+08

0.5 | 0.5 | 0.5

#1 - ANTI/FIELD - 2mA w/controller
6

#2 - ANTI/FIELD - 3 mA w/controller
DILUTION
1.005+01

DILUTION
1.005+01

DILUTION
005+04

DILUTION
1.005+02

-L

6

#4 - ANTI/FIELD -1 mA w/controller
6

ECF

AVE.
5.005+00

ECR
5.005+02 |

10
2

AVE.
3.005+05

AVE.
2.505+02

3.005+07

2.505+04

ECRI

ECRI

# 2C - NO ANTI/FIELD - 2 mA w/controller
8

# 3C - NO ANTI/FIELD - 3 mA w/controller
5 I 6 8

AVE.
5.005+00

AVE.
5.005+00

AVE.
5.005+00

AVE.
9.905+04

AVE.
7.305+02

5.005+02

5.005+02

ECRE

ECRE

5.005+02

9.905+06

7.305+04

ECRE

ECRE

ECRE
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FIELD TYPEiDCf
BACTERIA TYPE: PSEUDOMONAS AERUGINOSA

GROWTH TIME: 18 Houre

DILUTION

SET #  2

ORIGINAL COUNT
DILUTION
1.00E+06

4
36

DILUTION
1.00E+01

ANTIBIOTIC/PLANTONIC 
1

EXP.# 32

DILUTION!
POSITIVE CONTROL no anti/ no field

1.00E+06 | 7

ANTIBIOTIC CONC: 5 mg/I

AVE.
2.57E+07 2.57E+09

ECREASE

CONTROL (anti/no field)
DILUTION
1.00E+05

1.00E+01

191 19

I ,1 I

AVE.
1.50E+01

I
#1 - ANTI/FIELD - 2 mA w/controller

#2 - ANTI/FIELD - 3 mA w/controller

1.50E+03

10
6

DILUTION
1.00E+01

DILUTION
1.00E+01

DILUTION
1.00E+04

DILUTION
.00E+05

#4 - ANTI/FIELD -1 mA w/controller
6

ECREASE

AVE.
7.50E+06

AVE.
1.48E+06

7.50E+08

1.48E+08

ECREASE

ECREASE

AVE.
0.5 15.00E+00

#  2C - NO ANTI/FIELD - 2 mA w /controller
8

# 3C - NO ANTI/FIELD - 3 mA w /controller
2 1 3 4 I 5 7 I 8

AVE.
5.00E+00

5.00E+02
I ECREASE

5.00E+02

AVE.
5.00E+00

AVE.
5.80E+04

10
5

AVE.
1.55E+06

5.00E+02

5.80E+06

1.55E+08

ECREASE

ECREASE

ECREASE

ECREASE



148

DATE: 09-26-96 BA UIhRIA TYPE: PSEUDOMONAS AERUGINOSA I j
FIELD TYPE:DC| SE!r#2 EXP. # 33 ANTIBIOTIC CONC: 5 mq/l
U K U W  I n M hflt:: 18 Hour$ I: V: V

DILUTION 1
ORIG

2
INAL

3
COUI

I 4
NT

5 6 7 8 9 10 AVE. cfu ECREAS E
1.00E+06 12 IU 14 6 1U 11 16 11 9 12 3.00E+0C 3.00E+02 " --------------------- '

I I I
AN riBio nc/p LANTONIC

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS E
1.00E+01 0.5 U.b "U.b U.b 0.5 0.5 0.5 0.5 0.5 0.5 5.00E+00 5.00E+02

I
POSITIVE CONl ROL (no a iti/ no field)

NS CO 4 | S 6
7 I 8

9 10 AVE. cfu ECREAS E

C rr I OJ CO 9 9 11 9 I 9 8 15 1.06E+05 1.06E+07

I
I I I I

CONTROL (anti/no field) IOTtC
O

C
M 6 7 8 9 10 AVE. cfu ECREASE

1.00b+041 14 |  15 |  '9  I 12 I 16 14 7 13 16 9 1.25E+05 1.25E+07

I i i i i
m  - / INTI/F=IELD WZCOntroll Br - .5 mA

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 U.b U.b U.b U.5 0.5 0.5 0.5 0.5 0.5 0.5 5.00E+00 5.00E+02 -4

# 2 - / INII/H I Iontroller - .25 mA
DILUTION 1 2 3 I 4 5 |  6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 1 2 1 3 0.5 2 3 3 0.5 2 1.80E+01 1.80E+03 -4

#4-AiNII/hIbLD - w/ciDntrolIer - .75 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+03 / 1U 1b 8 7 12 13 10 12 11 1.05E+04 1.05E+06 -I

ff 3C - ANT /HbL D -w r/controller - 1 mA
DILUTION I. I 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+04 8 I 9 12 13 20 15 15 14 16 13 1.35E+05 1.35E+07 0

I
I
I

U 2 C - N O /IN I l/F=IELD - w/controller - 2 mA
DILUTION I 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+04 y 4 4 4 2 8 7 10 4 5 5.70E+04 5.70E+06 0
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DATE: 10-10-96 BAC,TERIA TYPE: PSEUDOMONAS AERUGINOSA I I
FIELD TYPE:DC| SET #2 EXP.# 3-I ANTIBIOTIC CONC: 5 mg/I
IaK O W T H TIM E : 18 Hours I: V: v

ORIG NAL 8 C Il
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+07 1/ 10 8 6 7 2 11 11 11 4 8.70E+07 8.70E+09

ANTIBIO IIC/PI-ANTONIC
DILUTION 1 I 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+02 19 21 1/ 19 11 17 17 27 17 18 11.83E+03 1.83E+05

I I
I .
I I I

POSITIVE CONTROL no aiiti/ no field)
DILUTION | 1 | 2 | 3 | 4 5 6 I 7 8 9 10 AVE. cfu ECREASIr
1.00E+04 12 | 17 | 18 I 7 16 12 I 16 19 19 15 1.51E+05 1.51E+07

I_ _ _ _
I I I I
I l l l l

CDNTROL (anti/no field)
DILUTION 1 I 2 I 3 | 4 | 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+04 5 5 9 I 5 I 5 6 6 7 10 8 6.60E+04 6.60E+06

I I I H rI l l l I
I l l l

#1 VNTI/F

I
w/controller - .5 mA

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 0.6 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5.00E+00 5.00E+02 -4

I

# 2 - /WTI/F IELD - w/controller - .25 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+02 11 6 7 9 11 11 5 13 13 15 1.00E+03 1.00E+05 -2

# 4 - / 1 INTI/F IELD - w/c sntroller - .75 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 6 2 2 8 5 2 3 10 1 7 4.60E+01 4.60E+03 -4

I
#3C -ANTl/FIELD - w/controller w/gasket -1 mA

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+02 22 25 26 35 28 27 26 21 22 22 2.54E+03 2.54E+05 -2 ..

#2C NO ANTI/FIELD - w/controller - 2 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+03 9 8 11 9 12 14 13 7 10 18 1.11E+04 1.11E+06 -I
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FIELD TYPEDCf
BACTERIA TYPE: PSEUDOMONAS AERUGINOSA

GROWTH TIME: 18 Hours

DILUTION

SET # 2

1.00E+07

ORIGINAL COUNT

I

8 9

EXP. # 35

ANTIBIOTIC/PLANTONIC
DILUTION! 1
1.00E+02 I 9

5
12

ANTIBIOTIC CONC: 5 mg/I

AVE
13 8.20E+07 8.20E+09

AVE.
16 13 11.18E+03

DILUTION! 1
POSITIVE CONTROL (no anti/ no field)

1.00E+06 I 6

DILUTION
CONTROL (anti/no field)

.00E+04

1.00E+05

I I I
#1 - NO ANTI/FIELD w/controller - 1 mA

3
11

8

DILUTION
.00E+05

DILUTION
.00E+05

#2 ? NO ANTI/FIELD - w/controller -1.5 mA
4
13

ECREASE

1.18E+05
ECREASE

AVE.
5.40E+06

6

#2C - NO ANTI/FIELD - w/controller - .5 mA
4
11

AVE.
7.00E+04

5.40E+08
ECREASE

7.00E+06

AVE.
1.07E+06

10
9

DILUTION
1.00E+05

DILUTION
1.00E+03

# 3C - NO ANTI/FIELD - w/controller - 3 mA
I T T 8 I 9

2 I 2

#  4 - ANTI/FIELD - w /contro ller - .5 mA
T

10
14

AVE.
1.01E+06

1.07E+08

ECREASE

ECREASE

1.01 E+08

AVE. | cfu
1.442+06 1.44E+08

10
7

9 | 10

AVE.
3.40E+05

AVE.
1.11E+04

ECREASE
-1

ECREASE
-1

3.40E+07

1.11E+06

ECREASE
-1

ECREASE
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DATE: 10-24-96 I BACTERIA TYPE: PSEUDOMONAS AERUGINOSA
FIELD TYPE:DC|
GROWTH TIME: 18 Hours

SET# 2

ORIGINAL COUNT
DILUTION
1.00E+07

ANTIBIOTIC/PLANTONIC
DILUTION
1.00E+03

EXP.# 36 ANTIBIOTIC CONC: 5 mg/I

10
6

8 9

DILUTION!
POSITIVE CONTROL (no anti/ no field)

1.002+06 I 19 I 17

I
CONTROL (anti/no field)

DILUTION
1.002+04

DILUTION
1.002+01

•8

19

AVE. I cfu
1.142+08 1.142+10

AVE.
12 1.152+04

#1 - NO ANTI/FIELD w/controller - 3 mA
5 I 6 8

DILUTION
1.002+05

DILUTION
1.002+06

DILUTION
002+05

#2 - NO ANTI/FIELD - w/controller - 2 mA

ECREASE

1.152+06

AVE.
1.782+07

10 I AVE.
22 11.282+05

ECREASE

e c r e a se
1.782+09

1.282+07
ECREASE

8

#2C - NO ANTI/FIELD - w/controller -1 mA

# 3C - NO ANTI/FIELD - w/controller -1.5 mA

DILUTION
002+01

6 8

# 4 - ANTI/FIELD - w /contro ller -1  mA
6

9

AVE.
5.002+00

AV2.
4.202+05

10
16

10
10

AVE.
4.102+06

AV2.
9.502+05

AVE.
8.402+01

5.002+02

4.202+07

4.102+08

9.502+07

8.402+03

ECR2AS2
-7

ECREASE

ECREASE

ECREASE

ECREASE
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DATE: 11-01-96 BA JIER IA TYPE: PSEUDOMONAS AERUGINOSA | j------------- ------------------------------- -
FIELD TYPE:DC| SElr # 2 EXP.# 37 ANTIBIOTIC CONC: 5 mq/l
UKUWlh unnt:: 18 EIour I: V: V

DILUTION 1
ORIG

2
INAL

3
COU

4
MT

5 6 7 8 9 10 AVE. cfu ECREAS E1.00E+06 35 26 2b 21 26 24 26 27 30 29 2.69E+07 2.69E+09

I I I
------------------------- --------

AN'riB io ric/p LANTONIC
DILUTION 1 2 3 4 5 6 7 8 I 9 10 AVE. cfu ECREASE
1.00E+01 1 0.5 U.b U.b O.b 0.5 0.5 I 0.5 0.5 0.5 5.50E+00 5.50E+02

I - —
I -------- —

I I
POSITIVE CONTROL (no a iti/ no field)

DILUTION | 1 | 2 | 3 | 4 | 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+061 6 I 3 I 10 j 4 I 7 6 4 5 6 5 5.60E+06 5.60E+08

I I I
I I I I l
i I I I I

CONTROL (anti/no field)
DILUTION I 1 I 2 3 | 4 | 5 6 7 8 9 10 AVE. cfu ECREASE
I .UUh+04 2 | I 2 3 0 5 4 3 3 0 2.30E+04 2.30E+06

I
I I

I I l l l
#1 - /XNTI/EE-FIE LD 11.14 >//3 mA

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+05 14 18 13 11 11 15 9 7 12 20 1.30E+06 1.30E+08 -I

# 2 - / IN I l/EIbLU - w/c ontro Ier - 2 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 I I 1 O.b 0.5 1 1 0.5 0.5 0.5 7.50E+00 7.50E+02 -6

# 4  -  A iN I l/EIhLU - w/ci:>ntrolIer - 3 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 5 2 1 O.b 0.5 I 2 1 1 0.5 1.45E+01 1.45E+03 -6

-

# 2(J NO/IN I l/E-IbLU - w/c ontroller - 3 mA
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+05 12 13 y 12 14 10 14 9 10 I 7 1.10E+06 1.10E+08 -I

L
I
I

IUU- ANI /FIELD - W/ controiler -2 m A - DOWN STREAM
DILUTION 1 2 3 | 4 5 6 7 8 1 9 10 AVE. I cf u ECREASE
1.00E+01 22 / 7 | 10 15 18 14 8 j 19 14 1.34E+02 1.34E+04 -5

_ J _____ I
I I
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FIELD TYPE: DCl
BACTERIA TYPE: PSEUDOMONAS AERUGINOSA

GROWTH TIME: 18 Hours

DILUTION

SET #2

ORIGINAL COUNT

1.00E+06
3

33
7

31

EXP. # 38

ANTIBIOTIC/PLANTONIC
DILUTION
1.00E+01

ANTIBIOTIC CONC: S mg/I

AVE.
29 3.07E+07

DILUTION!
POSITIVE CONTROL (ho anti/ no field)

1.00E+06 I 8

DILUTION
CONTROL (anti/no field)

1.00E+04 I 1

1.00E+04

I

3.07E+09

AVE.
3.50E+01

-6 M r

I
#1 - ANTI/E - FIELD 8.25 V/2 mA

8 I 9

DILUTION
.00E+01

DILUTION
00E+01

#2 -.ANTI/FIELD - w/controller - 2 mA
1 6

ECREASE

cfu | ECREASE
3.50E+03

AVE.
6.30E+06 6.30E+08

AVE.

ECREASE

4 14.00E+04 4.00E+06

#4 - ANTI/FIELD - w/controller - 2 mA - Down Stream

AVE.
5.00E+04 5.00E+06

AVE.
5.00E+00

# 2C - ANTI/FIELD - w/controller - 3 mA
DILUTION
1.00E+01

D LUTION
.00E+01

8

AVE.
5.00E+00

ECREASE

ECREASE

5.00E+02

cfu
5.00E+02

AVE.
6.00E+00

# 3C - ANTI/FIELD - w /contro ller - 3 mA - Down Stream
8 AVE.

5.00E+00

6.00E+02

5.00E+02

ECREASE

ECREASE

ECREASE

ECREASE
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DATE: 11-14 -9 6 1 |BA OIER A TYPE: PSEUDOMONAS AERUGINOSA I I
FIELD TYPErDC I | SEIr # 2 EXP. #  3 9 ANTIBIOTIC CONC: 5 m q/l
U K U W I H TIME : 18 Hours I: V: V

—

DILUTION I
ORIC

2
!INAL

3

COUI
4

MT
5 6 7 8 9 10 AVE. cfu ECREAS E

1 . 0 0 E + 0 7 8 4 3 6 2 6 8 2 3 3 4 . 4 0 E + 0 " 4 . 4 0 E + 0 9

I
AN IIBIO IIC/P LANTONIC ------------------ --------------------

DILUTION I 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS E
1 . 0 0 E + 0 3 3 / 2 6 3 4 2 7 3 6 3 4 3 2 3 5 4 0 4 0 3 . 4 0 E + 0 4 3 . 4 0 E + 0 6

I
PC SITIVE CONTROL (no an ti/ no fie d) - S lide

DILUTION 1 I 2 I 3 I 4 5 6 7 | 8 9 | 10 AVE. cfu ECREASE
1 . 0 0 E + 0 6 1 1  I 9  5  1 0 7 7 9  4 6 6 7 . 4 0 E + 0 6 |  7 . 4 0 E + 0 8

I
POSITIVE CONT ROL n o  a r ti/ no field) - P lan to n lc

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASI
1 . 0 0 E + 0 5 ti i ti 1 0 7 7 9 4 6 6 7 . 2 0 E + 0 5 7 . 2 0 E + 0 7

CONTROL (anti/ no  fie Id) - S lide
DILUTION 1 - U 3 I 4 5 6 I 7 8 9 10 AVE. cfu e c r e a s e

1 .O O E + 0 4 5 4  I 2  I 7 8 8  I 5 5 5 9 5 . 8 0 E + 0 4 5 . 8 0 E + 0 6

I I I
C ONTR OL (a nti/no field -P Ia n ton ic

DILUTION 1 2 3 4 5 6 7 |  8 9 10 AVE. cfu ECREASE
1 . 0 0 E + 0 3 3 3 6 5 2 5 5  |  5 4 8 [ 4 . 5 0 E + 0 3 4 . 5 0 E + 0 5

I
#1 - f INII/F IELD - w /c tm trol e r  -1 mA - S lide

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1 . 0 0 E + 0 1 0 . 6 0 . 6 0 . 6 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 5 . 0 0 E + 0 0 5 . 0 0 E + 0 2 - 6

# 2 - A N'll/F IELD -  w/co ntrol e r  -1  mA - S lide  - Down S tream
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE

1 . 0 0 E + 0 1 0 . 6 0 . 6 0 . 6 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 5 . 0 0 E + 0 0 5 . 0 0 E + 0 2 - 6

#1 -A NII/F IELD ■ w /co ntroll e r  -I mA - P lan to n ic
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE

1 . 0 0 E + 0 1 0 . 6 0 . 6 0 . 6 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 5 . 0 0 E + 0 0 5 . 0 0 E + 0 2 - 6

I
»2 -  ANTI/FIELD w /co ntroll e r - 1 mA - P lan to n ic  -  Down S tream

DILUTION 1 I 2 |  3 4 5 6 7 |  8 9 10 AVE. cfu ECREASE
1 . 0 0 E + 0 1 1 I 1 I 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5  | 0 . 5 0 . 5 0 . 5 6 . 0 0 E + 0 0 6 . 0 0 E + 0 2 - 6

* 4 - f iNTI/F IELD - w /con tro l e r  - 2 mA - P lan to n ic
DILUTION 1 2 3 I 4  |  S 6 7 8 9 10 AVE. cfu ECREASE

1 . 0 0 E + 0 1 ti ti 8  I 8  ! 8 1 2 5 11 6 1 2 8 . 4 0 E + 0 1 8 . 4 0 E + 0 3 - 5
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DATE: 11-21-96 BA(;ihK A TYPE: PSEUDOMONAS AERUGINOSA I I
FIELD TYPE.DC SET # 2 EXP. # 41) ANTIBIOTIC CONC: 5 mq/l -------------------------------
toKUW IH I Infln: 18 Hours I: V: v

DILUTION 1
UKIU

2
INAL

3
COUl

4
HI

5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+07 3 5 5 5 ti ti 5 3 9 4 5.00E+07 5.00E+09

I I
ANlriBio nc/Pi-AN I ONIC

DILUTION 1 2 3 4 5 6 7 8 I 9 10 AVE. cfu ECREAS E
1.00E+04 2 2 3 ti 6 1 4 5 2 5 3.50E+04 3.50E+06

-

POSIIIV b COIHIKOL (no anti/ no field) - Slide
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASI
1.00E+06 / 11 13 13 13 17 8 14 10 13 1.19E+07 1.19E+09

CON IKOL (anti/no fieId) - Slide
DILUTION 1 2 . 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+04 2 1 . 1 1 1 1 1 I 0 0 9.00E+03 9.00E+05

#1 - / IN IIWJO FitELD- 10% Increased in buffer
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+03 IU ti ti 5 10 7 15 6 12 10 9.20E+03 9.20E+05 -3

#2-/1iN IIWIhLD - w/c<mtroller - 2 mA -10% Increased in buffer
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+03 1 1 4 1 2 0 1 2 3 2 1.70E+03 1.70E+05 -4

I
# 4 - >\N ll/l-TELD - w/controller - 2 mA - Regular buffer

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 1 1 O O O 1 1 0 0 0 4.00E+00 4.00E+02 -6

#2C NO/VNTI/F IELD - w/controller - 2 mA -10% Increased in buffer
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+06 2 2 2 2 2 I 5 4 5 3 2.80E+06 2.80E+08 - 1

# 3C NO/INTIWIO FIELD -10% Increased in buffer
DILUTION 1 2 3 4 5 6 7 8 9 | 10 AVE. I cfu ECREASE
1.00E+07 ti 5 ti 4 5 I 3 5 3 | 6 4.30E+071 4.30E+09 1 |

I
I I I
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DATE: 11-27-96 BA!JIbR A TYPE: PSEUDOMONAS AERUGINOSA I I
FIELD TYPE:D( SE! #2 EXP. # 4 I ANTIBIOTIC CONC: 5 mq/lUKUW I M iim t : 18 Hours I: V: V

—

DILUTION 1
ORIG

2
INAL

3
COUI

4
HT

5 6 7 8 9 10 AVE. cfu

I
I  I

ECREASE
1.00E+06 20 1ti 20 13 22 15 15 22 20 16 1.79E+07 1.79E+09

I
AN" IBIU IIU/H LANTUNIU

DILUTION 1 2 3 4 b 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 10 y 6 ti I 9 6 10 12 6 8.30E+01 8.30E+03

-
I

POSITlVE UUNI ROL noaiiti/ no field
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+06 2 2 3 b I 7 11 6 3 4 5.00E+06 5.00E+08

UlJNIH OL (anti/nc field
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu I ECREASE
1.00E+03 13 23 19 I b 26 9 13 19 19 18 1.74E+04 1.74E+06

#1-7IN i i/r>IU HI=LU - SB Increased in buffer
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+05 b / 3 b ti 6 5 4 5 10 5.90E+05 5.90E+07 -I

#2 - AiNII/HIbLU - w/c<DntrolIer - 2 mA - SB Increased in buffer
DILUTION 1 2 3 4 5 6 7 8 9 .10 AVE. cfu ECREASE
1.00E+04 ti / 12 ti 12 9 7 9 9 13 9.20E+04 9.20E+06 -2

# 4 -> XNI I/I-IbLU - w/contro Ier - 2 mA - Regular buffer
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 0 / 3 2 Z 3 3 5 5 7 5.00E+01 5.00E+03 -5

# 2(J
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE

:

if 3C -
DILUTION I 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
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DATE: 12-04-96 BACTERIA TYPE: I
FIELD TYPEiDC SET # 2 EXP. # 42 ANTIBIOTTC CONC: 5 ma/l
GROWTH TIME: 18 Hours I: V: V I
POLARITY UP STREAM

ORIGINAL #1 - ANTI/NO FIELD - SB Increased in buffer
7.1

- U _ u ■
/ . 1 1 7.1 | 7.1

ORIGINAL # 2  - ANTI/FIELD - w/control e r - 2  mA - SB Increased in buffer
7.1 U J _ J -

6.4 | 6.4 | 6.8
I

ORIGINAL # 3 - ANTI/NO Fl ELD- Regular buffer
6.8 + I -

6.8 I 6.8 6.8
I

ORIGINAL # 4 -ANTI/FIELD - w/contro Ier - 2 mA - Regular buffer
6.8 -I 3.5 | 4 I 3.5
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DATE: 12-08-96 BACTERIA TYPE: I IFIELD TYPE:DC SET # 2 EXP. # 43 ANTIBIOI IC CONC: 5 mg/I
GROWTH TIME: 18 Hours I: V: V IKULARITY DOWrN STREAM I
ORIGINAL #1 - ANTI/NO Fl ELD- SB Increased in buffer 4---- ----

7.00 - -U +
' / I 7

ORIGINAL #2 - ANTI/FIELD - w/control Ier - 2 mA - SB Increased in buffe r
7.1 - J +

/ I 7 I 7
I -

-

ORIGINAL # 3 - ANTI/NO Fl ELD- Regular buffer
6.8 -L i +

6.8 | 6.8 | 6.8

ORIGINAL ff 4 - ANTI/FIELD - w/contro Ier - 2 mA - Regular buffer
6.8 L -I - J +

I 7 | 6.8 | 6.8
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FIELD TYPE:DC
BACTERIA TYPE: PSEUDOMONAS AERUGINOSA

GROWTH TIME: 18 Hours

DILUTION

SET #2

1.00E+07

ORIGINAL COUNT 
2
8 8 8

ANTIBIOTIC/PLANTONIC

I.OOc+02

EXP. # 44

4 I 5
0.5 0.5

ANTIBIOTIC CONC: 5 mg/I

AVE.
7.90E+07 7.90E+09

AVE.9
0.5 0.5 7.50E+01 7.50E+03

ECREASE

CfU I ECREASE

POS TIVE CON FROL no anti/ n<!field
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS E
1.00E+06 11 Ij / 14 4 5 7 8 10 7 8.60E+06 8.60E+08

.
CONTFIOL (imti/n<> field

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE1.00E+05 1 0.5 0.5 U.b U.b U.b 0.5 0.5 0.5 0.5 5.50E+04 5.50E+06

#1 ->\NTI/IVO FlELD- 2B Increased in buffe r
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+05 6 j 4 6 4 3 1. 3 2 4 3.60E+05 3.60E+07 -1

#2 - /VNI I/I-IELD - w/c ontro Ier-5 mA - 2B Increased in buffer
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 1 1 2 4 4 3 3 2 1 4 2.50E+01 2.50E+03 -6

# 4 - iIVN 11/HtLL - w/contro Her - 2 mA - Regular buffer
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+01 b 8 1 4 2 6 2 2 3 4 3.80E+01 3.80E+03 -5

#2U NO/VNI I/IVO Fll=LD- 2B Increased in Buffer
DILUTION 1 2 3 4 5 6 7 | 8 9 10 AVE. I cfu ECREASE
1.00E+06 9 11 IU 12 11 10 15 13 11 12 1.14E+07| 1.14E+09 0

I |
I I I

#3C NO/VNI I/I ItLD -w/c Dntroller - 2 mA - 2B Increased in Buffer
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+06 2 4 I 4 0 4 3 2 1 0 2.10E+06 2.10E+08 -1 ----------------------------------------------- --------- J;
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DATE: 12-19-96 BAI./TERIA TYPE: PSEUDOMONAS AERUGINOSA I I
FIELD TYPE:DC| SET #2 EXP. # 45 ANTIBIOTIC CONC: 5 mq/l
U K U W  I H :: 18 Hoursi I: V: v

UKIUINAL COUIMl IDILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+07 ti 1 3 6 6 4 8 8 7 8 5.80E+07 5.80E+09

I I
j AN IBIOn c /p LANTONIC

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+04 26 21 26 26 33 31 22 21 27 15 2.47E+05 2.47E+07

-

POSITIVE CONTROL (no anti/ no field
DILUTION I 1 I 2 | 3 | 4 | 5 | 6 | 7 8 9 10 AVE. cfu ECREAS
1.00E+06 j 10 I 5 I 7 I 7 | 4 j 6 j 11 11 10 J 10 8.10E+06 8.10E+08

I l l l i l l
_________!___ I l l l l l

CONTROL (anti/no f eld) (contaminated)
DILUTION 1 I 2 | 3 | 4 5 6 7 8 9 10 AVE. cfu IECREASE
1.00E+02 12 14 11 | 8 8 9 11 8 11 8 1.00E+03 1.00E+05

I
I  I  I
I I I

#1 - / INTI- pH 4 25
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+06 2ti 26 24 34 29 27 24 25 23 33 2.73E+07 2.73E+09 1

I
# 2 - f INTI- pH 4 25

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+06 26 26 30 20 21 32 22 27 26 24 2.52E+07 2.52E+09 0

#3U- NOA NTI- pH 4.25
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
1.00E+06 33 32 33 34 33 26 34 25 32 35 3.17E+07 3.17E+09 1

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
I

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREASE
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DATE: 01-09-96 
FIELD TYPE:DC|

BACTERIA TYPE: PSEUDOMONAS AERUGINOSA

GROWTH TIME: 18 Hours
EXP. #  46 ANTIBIOTIC CONC: 5 mq/l

DILUTION
1.00E+07

ORjGINAL COUNT 
2

ANTIBIOTIC/PLANTONIC
DILUTION
1.00E+04

1 I ^
TMTC

4  I  5

10 AVE.
7 6.10E+07

ECREASE
6.10E+09

AVE. ECREASE

_POSITIVE CONTROL no anti/ no field
DILUTION | 1 | 2 | 3 | 4
1.00E+06

DILUTION
1.00E+05

5 | 6

CONTROL (anti/no field)

'2

AVE.
9.10E+06

AVE.
3.00E+05

ECREASE
9.10E+08

3.00E+07
ECREASE

DILUTION
1.00E+04

#1 - ANTI-pH 9
4

20
10
27

AVE.
2.81 E+05

ECREASE
2.81 E+07

#2 - ANTI - pH 9
DILUTION
1.00E+04

4
27

AVE. ECREASE
3.04E+05 3.04E+07 -I

DILUTION
.00E+01

# 4 -ANTI/FIELD - pH 9 - 2 mA
10
9

AVE.
4.50E+01

ECREASE
4.50E+03

#3C - ANTI/FIELD - pH 9 - .5 mA
DILUTION
1.002+04

4 I 5 I 6
17 I 20 I 12 I 15

AVE.
1.432+05

|EC R EA SE
1.432+07

DILUTION
1.002+05

#2C - NO ANTI - pH 9

213 AVE.
2.142+06 2.142+08

ECREASE
- 1
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DATE: 01-16-96 [BACTERIA TYPE: PSEUDOMONAS AERUGINOSA
FIELD TYPE:DC
GROWTH TIME: 18 Hours

SET # 2

1.00E+07

ORIGINAL COUNT

ANTIBIOTIC/PLANTONIC
DILUTION
1.00E+03

EXP. # 47

10
6

ANTIBIOTIC CONC: 5 mg/I

AVE.
6.30E+07 6.30E+09

I I

DILUTION
POSITIVE CONTROL (no anti/ no field

1.00E+06

DILUTION

20 20

I I I
CONTROL (anti/no field)

1.00E+06

DILUTION
1.00E+06

#1 - ANTI - 50% less B

#2 - ANTI -4B
DILUTION
1.00E+05

DILUTION
.00E+02

4
16

6
12

AVE.
5.00E+03

ECREASE

5.00E+05

#4 - ANTI/FIELD - RB - 2 mA

AVE.
2.37E+07

DILUTION
1.00E+01

DILUTION
1.00E+05

#3C- ANTI/FIELD - RB - .75 mA

7
10

ECREASE

2.37E+09

AVE.
1.43E+07

AVE.
3.50E+06

ECREASE

ECREASE
1.43E+09

3.50E+08

10
10

7 I 8 I 9
18 I 27

ECREASE
-1

AVE.
1.10E+06

AVE.
7.00E+02

1.10E+08

7.00E+04

#2C - ANTI/FIELD - RB - .25 mA

15 | 21

ECREASE

ECREASE

AVE.
1.76E+02

AVE.
1.33E+06

1.76E+04

1.33E+08

ECREASE

ECREASE
-1
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PATE: 01-23-96 I BACTERIA TYPE: PSEUDOMONAS AERUGINOSA
FIELD TYPEiDCl
GROWTH TIME: 18 Hours

SET #2

I22J2g2j
ORIGINAL COUNT 

2
1.00E+07

ANTIBIOTIC/PLANTONIC
DILUTION I 1
1.00E+01 I 1

EXP. # 48 ANTIBIOTIC CONC: S mg/I

AVE.
3.90E+07 3.90E+09

^POSITIVE CONTROL (no anti/ no field)

1.00E+06 I

DILUTION
CONTROL (anti/no field)

1.00E+03

1.00E+01

ECREASE

AVE.
7.00E+00

ECREASE
7.00E+02 I

#1 - ANTI/FIELD - 50% less B -2m A 
1

1
6

AVE.
3.90E+06

AVE.

3.90E+08
ECREASE

1.10E+04 1.10E+06

DILUTION
1.00E+00

DILUTION
1.00E+01

#2 - ANTI/FIELD - 50% less B - 2 mA (contaminated)

AVE.
8.50E+00

ECREASE

8.50E+02

6 I 7 | 8 | 9

# 4 -ANTI/FIELD - RB - 2 mA

DILUTION
1.00E+06

DILUTION
1.00E+06

#3C-ANTI/FIELD - 4B - 2 mA
1

#2C - ANTI/FIELD - 4B - 2 mA
4 1 5 6

AVE. I cfu
0.00E+00 0.00E+00

AVE.
1.20E+01

ECREASE

ECREASE

1.20E+03

7 I 8 I 9 I 10 I AVE.
4.30E+06

AVE.
7.20E+06

4.30E+08

ECREASE

ECREASE

ECREASE
7.20E+08 I
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DATE: 01-30-96 !BACTERIA TYPE: PSEUDOMONAS AERUGINOSA
FIELD TYPE:DC
GROWTH TIME: 18 Hours

SET #2

___ ORIGINAL COUNT
DILUTION
1.002+06 I 6

DILUTION
1.00E+00

J _ _ _ L
ANTIBIOTIC/PLANTONIC

DILUTION!
POSITIVE CONTROL no anti/ no field)

1.005+061 3 I 1

EXP. # 49

10
11

I I I
DILUTION
1.005+00

DILUTION
1.005+02

CONTROL (anti/no field) contaminated
I I 2  I 3 | 4 | 5 I 6  |  T -

I_ _ _ I

ANTIBIOTIC CONC: 5 mg/I

AVE.
8.105+06 8.105+08

ECREASE

AVE.
0.5 b.005-01 I 5.005+01

#1 - ANTI/FIELD- SB-2  mA

. 8

# 2 -ANTI/FIELD-S B -2  mA
DILUTION
1.005+02

DILUTION
.005+01

DILUTION

241 21
8

ECREASE

AVE.
2.305+06

26 | 28 | 21 | 21

#4 - ANTI/FIELD - RB - .75 mA

#3C - ANTI/FIELD - RB - .25 mA

1.005+02 I 4

DILUTION
005+05

5 I 6 | 7

#2C - NO ANTI/FIELD - RB - 2 mA

4 I 3

AVE.
0 . 005+00

2.305+08
ECREASE

0 . 0 0 5 + 0 0

AVE.
1.215+03

AVE.
261 2.395+03

1.215+05

ECREASE

ECREASE

ECREASE
2.395+05

9 | 10 AVE.
1.755+02

AVE.
7.105+02

1.755+04

7.105+04

AVE. | cfu
3.005+05 3.005+07

ECREASE

ECREASE

ECREASE
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DATE: 02-06-96 I BACTERIA TYPE: PSEUDOMONAS AERUGINOSA
FIELD TYPEDCj
GROWTH TIME: 18 Hours

SET # 2

ORIGINAL COUNT

1.00E+07

ANTIBIOTIC/PLANTONIC
DILUTION
1.00E+03

EXP. #  50

DILUTION
POSITIVE CONTROL (no anti/ no field)

1.00E+06

ANTIBIOTIC CONC: 5 mg/I

AVE. ECREASE

9

QSBPBiEBBa

DILUTION
1.00E+04

DILUTION
1.00E+03

1.00E+01

CONTROL (anti/no field)
I 3 I 4 I 5

9 | 8 | 1 4 | 9

AVE.
4.20E+03 4.20E+05

#1 - ANTI/FIELD-3B-2 mA
4
19

# 2 - ANTI/FIELD-3B-2 mA
T

DILUTION
1.00E+03

l»jnmr»Ki
1.00E+03

#4 - ANTI/FIELD-4B-2 mA

10
23

AVE.
1.64E+07

ECREASE

1.64E+09

10
15

8
0.5 I 0.5

DILUTION
1.00E+06

#3C - ANTI/FIELD - 2B - 2 mA
1 I 2 I
8 | 6

5 | 6
I

#2C - NO ANTI/FIELD - RB - 2 mA
I I 3 I 4 I 5 I

23 I 25

AVE.
9.50E+04

AVE.
2.07E+04

0.5 I 0.5

8

9.50E+06

ECREASE

ECREASE

2.07E+06

AVE.
6.00E+00

AVE.
7.30E+03

AVE.

6.00E+02

ECREASE

ECREASE

cfu ECREASE
7.3OE+051

cfu
5.60E+03| 5.60E+05

9 | 10 | AVET
12 I 20 I 19 I 2.01E+07I 2.01E+09

ECREASE

ECREASE
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APPENDIX D 
Data by Groups
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AC Coupled
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OVERALL SUMMARY # 1
'

BACTERIA TYPE: Pseudom onas aeruqinosa FIELD TYPE: AC
BOX MODEL: I SLIDE: STRAIGHT
TYPE of FIELD: Soleno d FREQ.: 24 MHz

VOLTAGE
10 mV 40 mV 80 mV 100 mV 300 mV

ORIGINAL COUNT 2.00E+09 5.96E+09 1.99E+09 3.19E+09 3.66E+09
POSITIVE CONTROL 1.19E+09 4.73E+09 1.70E+09 1.58E+09 3.19E+09
CONTROL 4.10E+07 5.58E+08 1.06E+08 1.83E+09 1.40E+08
EXPERIMENT 2.76E+08 6.37E+07 1.25E+08 3.19E+09 8.17E+08
VALID EXPERIMENTS 2.76E+08 6.37E+07 1.25E+08 3.19E+09 8.17E+08

10 mV 40 mV 80 mV 100 mV 100 mV
1st SET: PC 1.19E+09 8.67E+09 1.70E+09 1.58E+09 1.85E+09
1st SET: E 2.76E+08 1.40E+07 1.25E+08 3.19E+09 4.70E+07
E/PC 0.231933 0.001615 0.073529 2.018987' 0.025405
log (E/PC) 0.63 2.79 1.13 -0.31 1.60
2nd SET: PC 3.70E+09 2.10E+09
2 nd SET: E 6.90E+05 2.30E+09
E/PC 0.000186 1.095238
log (E/PC) 3.73 -0.04
3rd SET: PC 5.60E+09 8.70E+06
3 rd SET: E 1.03E+08 1.05E+08
E/PC 0.018393 12.06897
log (E/PC) 1.74 -1.08
4 th SET: PC 9.50E+08
4 th SET: E 1.37E+08
E/PC 0.144211
log (E/PC) 0.84
AVE. SET: PC 1.19E+09 4.73E+09 1.70E+09 1.58E+09 3.19E+09
AVE. SET: E 2.76E+08 6.37E+07 1.25E+08 3.19E+09 8.17E+08
E/PC 0.231933 0.013467 0.073529 2.018987 0.256113
log (E/PC) 0.63 1.87 1.13 -0.31 0.59
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-------------------------------- 1—
SUMMARY OF EXPERIMENTS # 1 ------------ -I________ _

BACTERIA TYPE: Pseu domonas aeruginosa (FIELD TYPE: AC
BOX MODEL: I SLIDE: STRAIGHT TYPE of FIELD: SolenoidFREQ.: 24 MHz P. Volts: 40 mV

#1 # 2 # 3 # 6 # AVE. DECREASEORIGINAL COUNT O.OOE+OO 9.80E+09 1.40E+10 2.54E+07 5.96E+09PLANTONIC O.OOE+OO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 .
POSITIVE CONTROL 8.67E+09 3.70E+09 5.60E+09 9.50E+08 4.73E+09CONTROL 5.20E+06 1.23E+08 2.01 E+09 9.50E+07 5.58E+08EXPERIMENT 1.40E+07 6.90E+05 1.03E+08 1.37E+08 6.37E+07 -1.87E/PC 0.001615 0.000186 0.018393 0.144211 0.013461log (E/PC) 2.79 3.73 1.74 0.84 1.87

SUMMARY OF EXPERIMENTS # 2

BAUI I=RlA TYPE: Pseudom onas aeruginosa FIELD TYPE: AC
BUX M O D EL: I SLIDE: STRAIGHT TYPE of FIELD: Sole noid
FREQ.: 24 MHz P. Volts: 100 mV

# 4 # # # # AVE. DECREASEORIGINAL COUNT 3.19E+09 3.19E+09
PLANTONIC 0.00E+00 0.00E+00
POSITIVE CONTROL 1.58E+09 1.58E+09
CONTROL 1.83E+09 1.83E+09
EXPERIMENT 3.19E+09 3.19E+09 0.31E/PC 2.018987 2.018987
log (E/PC) -0.31 -0.31

SUMMARY OF EXPERIMENTS # 3

BACTERIA TYPE: Pseu domonas aeruginosa FIELD TYPE: AC
BOX MODEL: I SLIDE: STRAIGHT TYPE of F ELD: Solenoid
FREQ.: 24 MHz P. Volts: 10 mV

# 5 # # # # AVE. DECREASEORIGINAL COUNT 2.00E+09 2.00E+09
PLANTONIC 0.00E+00 0.00E+00
POSITIVE CONTROL 1.19E+09 1.19E+09
CONTROL 4.10E+07 4.10E+07
EXPERIMENT 2.76E+08 2.76E+08 -0.63E/PC 0.231933 0.231933
log (E/PC) 0.63 0.63
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SUMMARY OF EXPERIMENTS # 4
—

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: AC
BOX MODEL: I SLIDE: STRAIGHT TYPE of FIELD: Solenoid
FREQ.: 24 MHz P. Volts: 80 mV

# 7 # # # # AVE. DECREASE
ORIGINAL COUNT 1.99E+09 1.99E+09
PLANTONIC 0.00E+00 0.00E+00
POSITIVE CONTROL 1.70E+09 1.70E+09
CONTROL 1.06E+08 1.06E+08
EXPERIMENT 1.25E+08 1.25E+08 -1.13
E/PC 0.073529 0.073529
log (E/PC) 1.13 1.13

SUMMARY OF EXPERIMENTS # 5

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: AC
BOX MODEL: I SLIDE: STRAIGHT TYPE of F ELD: Solenoid
FREQ.: 24 MHz P. Volts: 300 mV

# 8 # 9 #10 # # AVE. DECREASE
ORIGINAL COUNT 1.27E+09 4.60E+09 5.10E+09 3.66E+09
PLANTONIC 0.00E+00 0.00E+00 0.00E+00 0.00E+00
POSITIVE CONTROL 1.85E+09 2.10E+09 8.70E+06 1.32E+09
CONTROL 1.47E+08 2.72E+08 2.23E+00 1.40E+08
EXPERIMENT 4.70E+07 2.30E+09 1.05E+08 8.17E+08 -0.21
E/PC 0.025405 1.095238 12.06897 0.619395
log (E/PC) 1.60 -0.04 -1.08 0.21
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Direct Connected
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OVERALL SUMMARY # 2

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: AC
BOX MODEL: I SLIDE: STRAIGHT
TYPE of FIELD: Direct Coupled FREQ.: 20 MHz

AMPLITUDE
1 mA 3 mA

ORIGINAL COUNT 6.07E+09 6.20E+09
POSITIVE CONTROL 2.06E+09 2.18E+09
CONTROL 5.99E+07 1.34E+09
EXPERIMENT 6.23E+07 1.07E+09
VALID EXPERIMENTS 6.23E+07 1.07E+09

1st SET: PC 3.10E+09 2.18E+09
1st SET: E 5.90E+07 1.07E+09
E/PC 0.019032 0.490826
log (E/PC) 1.72 0.31
2nd SET: PC 1.01E+09
2 nd SET: E 2.30E+07
E/PC 0.022772
log (E/PC) 1.64
3rd SET: PC 2.06E+09
3 rd SET: E 1.05E+08
E/PC 0.050971
log (E/PC) 1.29
4 th SET: PC
4 th SET: E
E/PC
log (E/PC)
AVE. SET: PC 2.06E+09 2.18E+09
AVE. SET: E 6.23E+07 1.07E+09
E/PC 0.030243 0.490826
log (E/PC) 1.52 0.31
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I SUMMARY OF EXPERIMENTS # 6
I

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: AC
BOX MODEL: I SLIDE: STRAIGHT TYPE of FIELD: Diret:t Coupled
FREQ.: 20 MHz AMPLITUDE : I mA

#11 #13 #14 # # AVE. DECREASEORIGINAL COUNT 9.30E+09 3.30E+09 5.60E+09 6.07E+09
PLANTONIC 0.00E+00 0.00E+00 3.70E+05 3.70E+05
POSITIVE CONTROL 3.10E+09 1.01E+09 0.00E+00 2.06E+09
CONTROL 1.33E+08 2.55E+06 4.40E+07 5.99E+07
EXPERIMENT 5.90E+07 2.30E+07 1.05E+08 6.23E+07 -1.52E/PC 0.019032 0.022772 0.051095 0.030333
log (E/PC) 1.72 1.64 1.29 1.52

SUMMARY OF EXPERIMENTS # 7

BACTERIA TYPE: Pseudom onas aeruginosa FIELD TYPE: AC
BOX MODEL: I SLIDE: STRAIGHT TYPE of FIELD: Direct Coupled
FREQ.: 20 MHz AMPLITUDE : 3 mA

#12 # # # # AVE. DECREASE
ORIGINAL COUNT 6.20E+09 6.20E+09
PLANTONIC 0.00E+00 0.00E+00
POSITIVE CONTROL 2.18E+09 2.18E+09
CONTROL 1.34E+09 1.34E+09
EXPERIMENT 1.07E+09 1.07E+09 -0.31
E/PC 0.490826 0.490826
log ( E I P C ) 0.31 0.31
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APPENDIX E 
Original Data - AC
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DATE: 12.6.95 | BACTERIA TYPE: PSEUDOMONAS AERUGINOSA
GROWTH TIME: 17.5 FIELD TYPE: AC SET # 2  EXP.# 1 ANTIBIO-F C CONC: 5 mg/I

FREQ.: 24 MHz P. Volts: 40 mV
ORIti INAL COUPJT

DILUTION | I 2 3 4 5 6 7 8 9 10 AVE. cfu
0 0 -

I
POSITIVE CONTROL

DILUTION 1 I 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 35 48 33 30 j 55 34. 35 40 28 43 3.81 E+07 — 3.81 E+09
1.00E+07 2 6 5 5 2 11 3 8 5 5 8.67E+07 8.67E+09

CCJNTROL
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+04 4 3 4 8 4 4 9 4 6 6 5.20E+04 5.20E+06
1.00E+05 3 O O 0 0 1 2 ' 1 2 2 1.83E+05 1.83E+07

I
EXPERIMENT

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+04 11 12 14 14 14 19 15 16 13 12 1.40E+05 1.40E+07.
1.00E+05 3 2 1 0 0 2 1 1 0 2 1.71 E+05 1.71 E+07

1.00E+07 2 6 5 5 2 11 3 8 5 5 8.67E+07 8.67E+09 :
1.00E+04 4 3 4 8 4 4 9 4 6 6 5.20E+04 5.20E+06
1.00E+04 11 12 14 14 14 19 15 16 13 12 1.40E+05 1.40E+07
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DATE: 12.16.95 | |BACJTERIA TYPE: PSEUDOMONAS / IERUGINOSA I
ViKOWTH TIME: 20 hlours SET # 2 EXP. # 2 ANTIBIOl =B 
_ E 

in6ZOOy

FIELD TYF'E: AC FREQ.: 24 MHz P. Volts: 40 mV TYPE of FIELD: Solenoid

ORIGINAL COUNIT
DILUTION COCMT

- 5 6 7 8 9 10 AVE. cfu
1.00E+07 C

O

COO)C
O 12 9 7 7 18 9.80E+07 9.80E+09

____ ____ ____J _ — r
I I I

I
POSITIVE CONTROL ■_

DILUTION 1
2 3

4 5 6 7 8 9 10 AVE. cfu
1.00E+07 3 2 | 2 3 7 1 5 5 4 5 I 3.70E+07 3.70E+09
1.00E+08 2 1 1 O O O 0 1 2 0 1.40E+08 1.40E+10I

CONTROL
DILUTION 1 2 I 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+05 14 11 I 12 9 12 11 12 14 14 14 1.23E+06 1.23E+08
1.00E+06 1 2 I 1 1 O 2 1 2 0 0 1.43E+06 1.43E+08
1.00E+07 1 2 | O | O O O 0 0 0 0 1.50E+07 1.50E+09

EXPERIMENT
DILUTION I 2 3 4 5 6 7 8 9 10 AVE. I cfu
1.00E+03 8 8 | 6 7 9 3 8 6 8 6 6.90E+03 6.90E+05
1.00E+04 4 1 I 4 1 O 2 1 0 0 0 2.17E+04 j 2.17E+06

1.00E+07 14 8 9 6 8 12 9 7 7 18 9.80E+07 9.80E+09
1.00E+07 3 2 2 3 7 1 5 5 4 5 3.70E+07 13.70E+09
1.00E+05 14 11 12 9 12 11 12 14 14 14 1.23E+06 I 1.23E+08
1.00E+03 8 8 6 7 9 3 8 6 8 6 6.90E+03 J | 6.90E+05
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DATE: 12.25.95) |BACJTERIA TYPE: PSEUDOMONAS / IERUGINOSA
UKUWIM TIME: 21 Ilours SET # 2 EXP.# 3 ANTIBIOlPIC CONC: 5 mo/lI-ItLU IYI3E: A C FRE Q .:  24 MHz P. Volts: <10 mV TYPE of F- ELD: Solenoid

ORIGINAL COUhIT
DILUTION I 2 J 3 j 4 5 6 7 8 9 10 AVE. cfu
1.00E+07 14 17 | 17 | 15 | 13 11 12 17 12 12 1.40E+08 1.40E+10
1.00E+08 1 3 | 1 | 2 | 2 | 1 1 4 5 1 2.10E+08 2.10E+10

I I I
|

POSITIVE CONTROL
DILUTION 1 2 | 3 | 4 5 6 | 7 8 9 10 AVE. cfu
1.00E+06 39 36 | 31 32 41 41 40 33 18 33 3.44E+07 3.44E+09
1.00E+07 3 - U Z J 7 2 2 4 2 2 3 5.60E+07 5.60E+09 *

I
CONTROL

DILUTION I 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 1/ 13 23 15 23 20 26 19 24 21 2.01 E+07 2.01 E+09
1.00E+07 1 1 0.5 0.5 0.5 3 2 2 0.5 0.5 1.15E+07 1.15E+09

EXPE S

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+05 9 4 5 5 12 7 8 44 3 6 1.03E+06 1.03E+08 -2
1.00E+06 2 1 3 0.5 0.5 1 1 2 4 2 2.83E+06 2.83E+08 -1

1.00E+07 14 17 17 15 13 I 11 12 17 I 12 I 12 |  1.40E+08 1.40E+10
1.00E+06 39 j 36 31 32 41 41 40 33 |  18 |  33 |  3.44E+07 3.44E+09
1.00E+06 17 |  13 23 15 23 j 20 26 |  19 |  24 |  21 |  2.01E+07I 2.01 E+09 I
1.00E+05 9 |  4 5 |  5 12 |  7 |  8 |  44  |  3 |  6 |1.03E+06| 1.03E+08 |
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DATE: 01.09.96 | | BACTERIA TYPE: PSEUDOMONAS AERUGINOSA I
UROWTH TIME: 21 t lours SET # 2 EXP. # 4 ANTIBIO"

-J-g

N tL D  TYF'E : AC FREQ.: 24 MHz P. Volts: 100 mV TYPE of FIELD: Solenoid

ORIGINAL COUN T
DILUTION I I 2 I 3 I 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 34 I 35 I 29 I 28 I 42 33 26 25 25 42 3.19E+07 3.19E+09
1.00E+07 5 I 5 I 5 I 5 I 3 3 3 3 7 0.5 4.39E+07 4.39E+09

I I I
I I I

POSITIVE CONTROL
DILUTION 1 C

O

CM 5 6 7 8 9 10 AVE. cfu I
1.00E+06 13 27 | 14 11 13 11 5 19 15 30 1.58E+071 1.58E+09 j
1.00E+07 2 3 | 2 3 0.5 1 1 3 0.5 0.5 1.65E+071 1.65E+09

I
CONTROL

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 13 21 19 20 18 16 | 18 13 20 25 1.83E+07 1.83E+09
1.00E+07 3 2 1 1 4 3 2 1 5 1 2.30E+07 2.30E+09

EXPERIMENT
DILUTION 1 2 3 4 5 6 7 8 9 10 I AVE. cfu ECREAS
1.00E+06 34 35 | 29 28 42 33 26 25 25 42 I 3.19E+07 3.19E+09 0

I I I I I |

1.00E+07 5 5 5 5 | 3 3 3 3 7 0.5 3.95E+07 3.95E+09
1.00E+07 2 3 2 O

O O Ui 1 1 3 0.5 0.5 1.65E+07 1.65E+09 j
1.00E+06 13 21 19 20 I 18 16 18 13 20 25 1.83E+07 1.83E+09 j
1.00E+06 34 35 29 28 I 42 33 26 25 25 42 3.19E+07 3.19E+09 j
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DATE: 01.19.961 [BACTERIA TYPE: PSEUDOMONAS / I

UKUWTH TIME: 18.£ Hours SET # 2 EXP.# 5 ANTIBIOTIC CONC: 5 mq/l
M t L D  TYf3E: AC FREQ.: 24 MHz P. Volts: 10 mV TYPE of FIELD: Solenoid

ORIGINAL COUNIT
DILUTION 1 2 I 3 | 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 19 21 25 21 17 21 23 15 23 15 2.00E+07 2.00E+09
1.00E+07 y 3 [ 2 | 1 I 0.5 3 4 2 4 3 2.55E+07 2.55E+09I I I

I I I
POSITIVE CONTROL

DILUTION 1 2 | 3 | 4 | 5 6 7 8 9 10 AVE. cfu I
1.00E+06 12 12 | 11 13 7 12 11 10 16 15 1.19E+07 1.19E+09 I
1.00E+07 1 3 I 2 0.5 0.5 2 1 3 0.5 0.5 1.40E+07 1.40E+09

I -------- ^ -------------

I '
CON"FROL

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+05 b 4 3 1 6 3 8 3 6 2 4.10E+05 4.10E+07
1.00E+06 I 1 2 1 0.5 1 0.5 0.5 0.5 0.5 8.50E+05 8.50E+07

EXPERIMENT
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+05 2b 31 22 19 31 29 31 27 25 36 2.76E+06 2.76E+08 -1
1.00E+06 1 2 2 7 7 | 7 3 4 1 6 4.00E+06 4.00E+08 0

1.00E+06 19 21 25 21 17 21 I 23 15 23 15 2.00E+07 2.00E+09
1.00E+06 12 12 11 13 7 12 I 11 10 16 15 1.19E+07 1.19E+09
1.00E+05 b 4 3 1 6 3 8 3 6 2 4.10E+05 4.10E+07
1.00E+05 25 31 22 19 31 29 I 31 27 25 36 2.76E+06 2.76E+08
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GROWTH TIME: 17 Hours SET # 2 EXP. #  6 ANTIBIO"rIC CONC: 5 mg/IFi Pi  n  T VDc -  A n r r x c w. .  i tfinz r .  voits: 40 mv TYPE of FIELD: Solenoid

ORIGINAL COUNIT
DILUTION I 2 | 3 | 4 5 6 7 8 9 10 I AVE. cfu
1.00E+06 19 22 | 27 | 17 | 25 30 23 32 28 31 2.54E+07 2.54E+09

- J r-
I I I

POSITIVE CONTROL -

DILUTION 1 -L L L 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 14 10 I 6 2 16 9 10 11 5 12 9.50E+06 9.50E+08 *
1.00E+07 3 1 |  2 I 0.5 2 1 2 0.5 0.5 1.35E+07 1.35E+09

I
I

CON FROL
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+05 10 13 10 10 7 12 11 7 9 6 9.50E+05 9.50E+07
1.00E+06 1 2 1 0.5 0.5 1 0.5 0.5 0.5 0.5 8.00E+05 8.00E+07

EXRERIMENT
DILUTION 1 2 I 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+05 9 19 |  12 17 12 16 19 15 8 10 I 1.37E+06 1.37E+08 -1
1.00E+06 1 2 1 0.5 0.5 2 1 2 1 2 1.30E+06 1.30E+08 -1I _____ L

1.00E+06 19 22 27 17 25 30 23 32 28 31 2.54E+07 2.54E+09
1.00E+06 14 10 6 2 16 9 10 11 5 12 9.50E+06 9.50E+08
1.00E+05 10 13 10 10 7 12 11 7 9 6 9.50E+05 9.50E+07
1.00E+05 9 19 12 17 12 16 19 15 8 10 1.37E+06 1.37E+08
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DATE: 02.01.961 [BACTERIA TYPE: PSEUDOMONAS AERLJfiIMnRA 
GROWTH TIME: 17 Hours |SET# 2 ----- --  -  ------- ---------
FIELD TYPE: AC FREQ.: 24 MHz

DILUTION
1.00E+06 I 11

ORIGINAL COUNT 
2 1 3

DILUTION
1.00E+06

EXP. # 7
P. Volts: 80 mV

27 I 16 I 27 | 21

I

ANTIBIOTIC CONC: 5 mg/I
TYPE of FIELD: Solenoid

I
POSITIVE CONTROL

1.00E+07

DILUTION
1.00E+05
1.00E+06

2  I 3 I 4  I 5 -

7 j 8 I 9
18 | 18

CONTROL

DILUTION
1.00E+05
1.00E+06

1.00E+06
1.00E+06 17

2

EXPERIMENT 
2

1

1.00E+05 I 10
1.00E+05

AVE.
16 1.99E+07

cfu

I
1.99E+09 f

I ] _ 2

AVE.
1.70E+07

11 | 13

1.45E+07
1.70E+09
1.45E+09

AVE.
1.06E+06
1.00E+06

1.06E+08
1.00E+08

AVE.
1.25E+06
2.00E+06

16 I 1.99E+07
20 I 1.70E+07

1.25E+08
2.00E+08

1.99E+09

ECREAS
-1
-1

1.70E+09 f
6 I 1.06E+06I 1.06E+08
15 I 1.25E+061 1.25E+08

3 J 1.06E+08 I 
3 j 1.25E+08 I
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DATE: 02.08.96 | | BACTERIA TYPE: PSEUDOMONAS AERUGINOSA
GROWTH TIME: 17 Hours SET # 2 EXP. # 8 ANTIBIOlrIC CONC: 5 mo/I
FIELD  TYF’E: A C FREQ.: 24 MHz P. Volts: 300 mV TYPEofF: ELD: Solenoid

ORIGINAL COUNT
DILUTION 1  I  2 3  I 4  | 5 6 7 8 9 10 AVE. cfu
1.00E+06 15 14 | 13 |  12 |  11 15 13 12 11 11 1.27E+07 1.27E+09 I

— n - - - - - - - - -
I I I

POSITIVE CONTROL
DILUTION 1 2 |  3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 14 18 |  15 40 65 3 8 7 8 7 1.85E+07 1.85E+09 *
1.00E+07 2 2 |  3 2 0.5 1 1 1 1 0.5 1.40E+07 1.40E+09

I
- I

CONTROL
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+05 11 13 13 37 35 7 8 8 7 8 1.47E+06 1.47E+08
1.00E+06 3 0.5 0.5 0.5 0.5 3 1 0.5 0.5 0.5 1.05E+06 1.05E+08

EXPE RIMENT
DILUTION I 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+05 5 3 • 4 4 3 5 5 7 8 3 4.70E+05 4.70E+07 ■2

1.00E+06 I  15 14 13 12 11 15 13 12 11 11 1.27E+07 1.27E+09
1.00E+06 |  14 18 15 40 65 |  3 8 7 8 7 1.85E+07 1.85E+09
1.00E+05 I  11 13 13 37 35 |  7 8 8 7 8 1.47E+06 1.47E+08
1.00E+05 I  5 3 4 4 3 |  5 |  5 7 8 3 1 4.70E+05 4.70E+07 j !
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DATE: 03.07.961 I BACTERIA TYPE: PSEUDOMOI MAS AERUGINOSA I
GROWTH TIME: 17 Houre SET # 2 EXP. # 9 ANTIBIOTIC CONC: i> mo/l
FIELD TYF*E: A C FREQ.: 24 MHz P. Volts: 300 mV TYPE OfF ELD: Solenoid

ORIG NAL COUNT
DILUTION 1 I 2 I 3 I 4 5 6 7 8 9 10 AVE. cfu

1 . 0 0 E + 0 7 3  |  3  |  5  |  5  |  6 3 3 4 6 8 4 . 6 0 E + 0 7 4 . 6 0 E + 0 9

POSITIVE CONTROL
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu

1 . 0 0 E + 0 6 2 1 1 8  |  2 2 2 7 2 7 1 6 1 9 1 7 2 1 2 2 2 . 1 0 E + 0 7 2 . 1 0 E + 0 9
1 . 0 0 E + 0 7 3 3  1 1 2 . 4  |  1 3 1 1 2 . 0 0 E + 0 7 2 . 0 0 E + 0 9I

CONTROL
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu

1 . 0 0 E + 0 5 3 3 1 8 2 3 2 6 3 3 2 8 2 8 3 0 2 7 2 6 2 . 7 2 E + 0 6 2 . 7 2 E + 0 8
1 . 0 0 E + 0 6 5 3 1 6 1 2 ' 3 1 4 0 . 5 2 . 9 4 E + 0 6 2 . 9 4 E + 0 8

EXPERIMENT
DILUTION 1 2 3 4 5 6 7 8 9 I 10 AVE. cfu I ECREAS ,

1 . 0 0 E + 0 6 2 3 1 8 . 2 0 2 1 2 7 2 6 1 9 2 6 2 6  2 4 2 . 3 0 E + 0 7 2 . 3 0 E + 0 9  0
j :

1 . 0 0 E + 0 7 3 3 5 5 6 3 3 4 6 8 4 . 6 0 E + 0 7 4 . 6 0 E + 0 9
1 . 0 0 E + 0 6 2 1 1 8 2 2 2 7 2 7 1 6 1 9 1 7 2 1 2 2 2 . 1 0 E + 0 7 2 . 1 0 E + 0 9
1 . 0 0 E + 0 5 3 3 1 8 2 3 2 6 3 3 2 8 2 8 3 0 2 7 2 6 2 . 7 2 E + 0 6 2 . 7 2 E + 0 8
1 . 0 0 E + 0 6 2 3 1 8 2 0 2 1  |  2 7 2 6 1 9 2 6 2 6 2 4 2 . 3 0 E + 0 7 1  2 . 3 0 E + 0 9
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DATE: 03.14.961 | BACTERIA TYPE: PSEUDOMONAS AERUGINOSA
GROWTH TIME: 17 Hours SET# 2 EXP. #  I t ANTIBIO- 5

" I 5 m n / l
FIELD TYF*E: A C FREQ.: 24 MHz P. Volts: 300 mV TYPE of FIELD: Solenoid

ORIGINAL COUN
DILUTION 1 -J-LLLin s 6 7 8 9 10 AVE. cfu

1 . 0 0 E + 0 7 4 5 I 5 I 5 l S 6 3 9 3 6 5 . 1 0 E + 0 7 5 . 1 0 E + 0 9
I I I I

I I I

POSITIVE CONTROL
DILUTION 1 2 | 3 4 5 6 7 8 9 10 AVE. cfu I

1 . 0 0 E + 0 4 9 7 1 2 1 0 1 2 9 9 8 5 6 8 . 7 0 E + 0 4 8 . 7 0 E + 0 6 *
1 . 0 0 E + 0 5 8 2 1 1 2 2 0 . 5 0 . 5 0 . 5 0 . 5 1 . 8 0 E + 0 5 1 . 8 0 E + 0 7

ITROL
DILUTION | 1 2 3 4 | 5 6 7 8 9 10 AVE. cfu

1 . 0 0 E + 0 5 1 6 2 0 2 7 2 0 2 0 1 8 3 5 2 2 2 0 2 5 ^ 2 2 3 E + 0 6 2 . 2 3 E + 0 8
1 . 0 0 E + 0 6 1 3 2 3 4 3 2 2 4  I 3 2 . 7 0 E + 0 6 2 . 7 0 E + 0 8

EXPERIMENT
DILUTION 1 2 3 4 5 6 7  I 8 9 10 AVE. cfu ECREAS

1 . 0 0 E + 0 5 1 3 9 • 1 4 1 6 6 9 9 8 1 2 9 1 . 0 5 E + 0 6 1 . 0 5 E + 0 8 1

1 . 0 0 E + 0 7  I 4 5 5 5  1 5  1 6 3 9 3 6 5 . 1 0 E + 0 7 5 . 1 0 E + 0 9
1 . 0 0 E + 0 4  |  9 7 1 2 1 0  I 1 2  I 9 9 8 5 6 8 . 7 0 E + 0 4 8 . 7 0 E + 0 6
1 . 0 0 E + 0 5  I 1 6 2 0 2 7 M O ro O OO 3 5 2 2 2 0 2 5 2 . 2 3 E + 0 6 2 . 2 3 E + 0 8
1 . 0 0 E + 0 5  |  1 3 9 1 4 O) CD CD 9 8 1 2 9 1 . 0 5 E + 0 6 1 . 0 5 E + 0 8  I



185

DATE. 03 .29 .96  I | BACI tK IA TYPE: PSEUDOMONAS AERUGINOSA
UKUWIM TIME: 19.5 Hours SET # 2 EXP.# 11 ANTIBIO"PIC CONC: 5 mo/I
I-ItLD TYF'E: A C FREQ.: 20 MHz AMPLITUDE: I mA TYPEofF •  ELD: Direct Counled

ORIGINAL COUNIT
UILU I ION I I 2  | 3 |  4 5 6 7 8 9 10 I AVE. cfu

I . U U f c + 0 7 1 6 8  |  1 0  |  1 2  |  1 0 9 7 5 9 7  I  9 . 3 0 E + 0 7 9 . 3 0 E + 0 9
------ ------- ------- -------

I. I I . I
POSITIVE CONTROL

DILUTION 1 2 |  3 I 4  I 5 6 7 8 9 10 AVE. cfu
1 . 0 0 E + 0 6 3 U 3 3  |  2 3 2 6  |  3 1 3 0 2 9 2 7 3 2 3 5 2 . 9 6 E + 0 7 2 . 9 6 E + 0 9
1 . 0 0 E + 0 7 4 X p I 2  |  6 2 1 4 3 4 3 . 1 0 E + 0 7 3 . 1 0 E + 0 9 *

I ;

CONTROL
DILUTION 1 2 |  3 4 5 6 7 8 9 10 AVE. cfu

1 . 0 0 E + 0 5 9 1 6 1 8 1 1  . 1 8 1 0 1 1 1 4 1 2 1 4 1 . 3 3 E + 0 6 1 1 . 3 3 E + 0 8
1 . 0 0 E + 0 6 1 1 1 1 0 . 5 1 1 2 1 0 . 5 1 . 0 0 E + 0 6 M . 0 0 E + 0 8

'
EXPERIMENT -

DILUTION 1 2 3 4 5 6 7  !  8 9 10 AVE. cfu ECREAS
1 . 0 0 E + 0 5 b 2 4 1 1 0 8 5  |  1 0 6 8 5 . 9 0 E + 0 5 5 . 9 0 E + 0 7 - 2  I
1 . 0 0 E + 0 6 1 0 . 5 0 . 5 0 . 5 0 . 5 1 1 1 0 . 5 0 . 5 7 . 0 0 E + 0 5 7 . 0 0 E + 0 7 - 2

1 . 0 0 E + 0 7
- 16 8 1 0 1 2  I 1 0 9 7  I 5 9 7 9 . 3 0 E + 0 7 9 . 3 0 E + 0 9

1 . 0 0 E + 0 6 3 0  |  3 3 2 3 2 6  3 1 3 0 2 9  2 7 3 2 3 5 2 . 9 6 E + 0 7 2 . 9 6 E + 0 9
1 . 0 0 E + 0 5 9  |  1 6  |  1 8 1 1  I  1 8 1 0 1 1  I 1 4 1 2 1 4 1 . 3 3 E + 0 6 1 . 3 3 E + 0 8
1 . 0 0 E + 0 5 5  I  2  [  4 I  I 1 0  |  8  |  5  |  1 0 6  |  8  15 . 9 0 E + 0 5 5 . 9 0 E + 0 7  |
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DATE. 04.U4.96 I | BACTERIA TYPE: PSEUDOMONAS AERUGINOSA
UKUWIH TIME: 19.* Hours SET # 2 EXP.# 121 | ANTIBIO-hC CONC: 5 mo/IMtLU TYf'E: AC FREQ.: 20 MHz AMPLITUDE: 3 mA TYPEofF" ELD: Direct Counled

ORIGINAL COUNIT ~
DILUTION I JU *  4 , 5 6 |  7 8 9 10 |  AVE. cfu
1.00E+07 6 5 I 3 j 8 I 7 7 I 7 4 9 6 I 6.20E+07 6.20E+09

I I I

I I
POSITIVE CONTROL -

DILUTION 1
/ , I 3 I 4 I 5 6 7 8 9 10 AVE. cfu

1.00E+06 20 17 |  17 |  26 I 22 27 20 20 29 20 2.18E+07 2.18E+09 *
1.00E+07 1 2 |  3 2 0.5 2

3 I 4
6 |  3 2.65E+07 2.65E+09

I I

CONTROL
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 20 9 9 12 15 13 20 13 11 12 1.34E+07 1.34E+09
1.00E+07 2 2 0.5 0.5 0.5 3 2 0.5 0.5 0.5 1.20E+07 1.20E+09

EXPERIMENT
DILUTION 1 2 -J-LL 5 6 7 8 9 10 AVE. I cfu ECREAS
1.00E+06 1b 11 • 13 | 11 13 10 11 6 9 8 1.07E+071 1.07E+09 0
1.00E+07 2 1 3 | 4 3 1 1 1 2 0.5 1.85E+07 1.85E+09 0

1.00E+07 I 6 5 3 8 7 7 7 4 9 6 I 6.20E+07 6.00E+02 6.20E+09
1.00E+06 J 20 17 17 26 22 27 20 20 29 20 |2.18E+07 2.00E+03 2.18E+09
1.00E+06 | 20 - L I  9 12 15 13 20 13 11 12 J  1.34E+07 1.20E+03 1.34E+09
1.00E+06 J 15 11 | 13 11 | 13 10 | 11 6 9 8 I 1.07E+07 8.00E+02 1.07E+09
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DATE: 04.11.96 I | BACTERIA TYPE: PSEUDOMONAS A E R U G IN O SA
G R O W T H  TllUIP- >17 U n . . l o c i - ______ ________________ 1- , _______GROWTH TIME: 171lours SET # 2 e x p . # i : ANTIBIO"PIC CONC: 5 mo/l
I -I tL D  TYf1E: AC FREQ.: 20 MHz AMPLITUDE: I mA TYPE of FIELD: Direct Couoled

ORIGINAL COUhIT
DILUTION I I 2 I 3 I 4 5 6 7 8 9 10 AVE. cfu
1.00E+06 I 33 53 | 23 | 37 | 48 29 38 48 | 36 38 3.83E+07 3.83E+09
1.00E+07 I 3

1 2 5 4 3 I 2 7 5 3.30E+07 3.30E+09
I I I

POSITIVE CONTROL
DILUTION 1 2 | 3 | 4 | 5 6 7 8 9 10 AVE. cfu
1.00E+06 11 6 | 9 12 8 14 13 11 4 13 1.01E+07 1.01E+09 *
1.00E+07 1 1 2 2 0.5 3 3 1 0.5 0.5 1.45E+07 1.45E+09

-
CONTROL

DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+03 40 46 42 42 27 54 36 41 49 33 4.10E+04 4.10E+06
1.00E+04 6 4 4 0.5 0.5 2 4 2 2 0.5 2.55E+04 2.55E+06

EXPE RIMENT
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+04 36 24 31 26 22 37 19 27 22 18 2.62E+05 2.62E+07 -2
1.00E+05 1 2 3 5 0.5 3 3 4 1 0.5 2.30E+05 2.30E+07 -2

■

1.00E+06 I 33 53 23 37 48 29 38 48 36 38 3.83E+07 3.83E+09 |
1.00E+06 I 11 6 9 12 8 14 13 11 4 13 1.01E+07 1.01E+09
1.00E+03 I 40 46 42 42 27 54 36 41 49 33 4.10E+04J 4.10E+06 |
1.00E+04 I 36 24 31 26 22 37 19 , 27 22 18 2.62E+051 2.62E+07 j J
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DATE: 04.25.96 | | BACTERIA TYPE: PSEUDOMONAS AERUGINOSA
GROWTH TIME: 17 Hours SET # 2 EXP.# 14 ANTIBIOl

OZOOO" PT i mo/l
FIELD TYF>E: A FREQ.: 20 MHz AMPLITUDE: 1mA TYPEofF ELD: Direct Coupled

ORIG NAL COUN
DILUTION I I 2 | 3 | 4 I 5 6 7 8 9 10 AVE. cfu
1.00E+07 9 7 | 6 I 5 | 5 6 6 5 4 3 5.60E+07 5.60E+09

__L J L I
i i i i

i- i i
ORIGINAL/PLANTONIC/ANTIBIOTIC

DILUTION I _ £ J _ L . 4 5 6 7 8 9 10 AVE. cfu
1.00E+03 6 3 | 3 3 5 6 1 3 4 3 3.70E+03 3.70E+05

_ L _
I

CONTROL
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu
1.00E+05 1 6 3 2 2 3 9 8 4 6 4.40E+05 4.40E+07 *

AC-1 OLD BOX
DILUTION 1 2 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+04 31 20 19 26 27 20 20 15 23 20 2.21E+05 2.21 E+07 0
1.00E+05 2 3 6 4 0.5 3 2 3 2 0.5 2.60E+05 2.60E+07 0

AC-1 NEW BOX
DILUTION 1 2 | 3 4 5 6 7 8 9 10 AVE. cfu ECREAS
1.00E+04 12 14 | 11 13 9 10 15 9 | 6 12 1.11E+05 1.11 E+07 -1

1.00E+07 9 7 6 5 5 6 6 5 4 3 5.60E+07 5.60E+09
1.00E+03 6 3 3 3 5 6 1 3 4 3 3.70E+03 3.70E+05
1.00E+05 1 6 3 2 2 3 9 8 4 6 4.40E+05 4.40E+07 |
1.00E+04 31 20 19 26 27 20 20 15 | 23 20 2.21E+05 2.21 E+07 I
1.00E+04 12 14 11 13 9 10 15 9 | 6 12 1.11E+05 1.11 E+07 I
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