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ABSTRACT

The objective of this study was to evaluate the extent to which the Savastat S-38 could
reduce bacterial levels in contaminated water. Both non-pathogenic and pathogenic
strains of Escherichia coli 0157-H7 were studied. Each experimental run varied in
length of time the Savastat system was on, what type of fluid was used and differed in the
size of the container. Control runs where done to provide a baseline for how the bacteria
would act using just the filter and not the Savastat system. The most significant
experimental results were found when we used tap water ih a 40L container and ran the
Savastat for a total of 5 hours. Using these conditions resulted in a calculated 2.7 log
reduction for the nonpathogenic F.coli and a 2.9 log reduction for the pathogenié E.col.
From these results we can conclude that the Savastat system is helpful in reducing the

" number of microorganisms in recirculating fluids. ‘However, we must recognize that the
Savastat system failed to completely eliminate the bacteria and thus the Savastat éhould
not be used as a sole method of destroying water-borne bacteria.

INTRODUCTION:

There are currently many methods used by the food industry to produce safe
products that are free from contamination. Despite these efforts, we still have
contamination in our food. Businesses that produce meat and cheese are constantly
battling with pathogens and trying to eliminate them from the food supply. Early
experiments have shown that the brines used to produce these product_s can harbor large
populations of bacteria that can contaminate and spoil food. These experiments showed
that there were an increased number of bacteria in the recirculating brine over time,

reaching a maximum of 2.34 log CFU/100mL after 2.5 hours. O Ingham et al @ found



that pathogenic Salmonella typhimrium and Escherichia coli O157:H7 could survive for
several weeks in cheese brines stored at 4 to 13°C
In this paper we will propose a method that could be used to help aid iﬁ lowering
bacterial counts in circulating fluids such as cheese or meat brines. The manufacturer of
rthe product that we will be testing is Envirbnmental Controls & Methods, Inc. (ECMI).
The particular model being tested is the Savastat S-38 which is currently being marketed
for usre in households and small commercial scaie control applications. The Savastat
system is bélieved to remove lime scale from inside water heaters and piping systems as
well as preventing microbial build-up. Similar models are available for purification of
swimming pools, hot tubes, and fountains. The way the system works is after béing
mounted on the tube the signal generator is used to induce an AC declining sine wave
signal into the fluid medium in the piping system. This technology creates waveforms at
randomized intervals which are transmitted throughout the entire system through the
conductance of the solution and by signal propagation. @ 1In this experiment the Savastat
S-38 was tested in conjunctioh with filtration for its ability to eliminate bacteria in
circulating fluids. If the experiment went as planned the electrical interaction responsible
for controlling limescale through the system wou!d ‘alsp reduce microorganism survival
-which we quantitatively measured. The Savastat S-38’s capacity to be an “active
physical water conditioner” has the power to improve industry problems that many are
struggling to control. This experiment will possibly open a door to a better ﬁnder_standing
‘of the microbiology of meat and cheese brines, as well as flume tunnels of ready to eat

~ salads. The Savastat S-38 might be the device that will reduce these kinds of problems



and will improve the quality and safety of the final products that are sold in our markets

today.
MATERIALS AND METHODS

Inocula preparation. Two non-pathogenic stains and five strains of O157:H7
Escherichia coli were used initially and were prepared from frozen stock culture (Table
1). To obtain a working culture, each strain was cultured twice successivély at 35°C for
18-24 hours in Brain Heart Infusion Broth (BHIB; Difco, Becton-Dickinson, Sparks,
MD), streaked to Brain Heart Infusion Agar (BHIA; Difco), incubated at 35°C for 18-24

" hours, examined for purity, and then stored at 5°C. To achieve statiqnary phase inoculum
cultures, an isolated colony of each strain was transferred from its working culture plate
to 9 mL of BHIB, and then incubated at 35°C for 24 hours. Inocula were prepared for
non-pathogenic or pathogenic F.coli by combining each of the cultured strains into a 50
mL centrifuge tube (Falcon Brand, Fisher Scientific, Itasca, IL) and centrifuging at 7,000
x g for 16 minutes. Supernatant was decanted and the pellet was re-suspended to 35 mL
using Butterfield’s Phosphate Diluent (BPD; Nelson Jameson, Marshfield, WI). Then, 1
mL was then transferred to 99 mL BPD to make the final inoculum. Separate inocula

were prepared for each trial as described above.



Table 1: Pathogenic and Non-Pathogenic Strains used for Savastat Experiment

Species

Strain Number

Isolated from

Source

Escherichia coli O157:H7

Escherichia coli O157:H7
Escherichia coli 0167 H7
Escherichia coli O157:H7
Escherichia coli O157:H7

Non-Pathogenic .
Escherichia coli

Non-Pathogenic
- Escherichia coli

USDA-ESIS-380-94

ATCC-43894
ATCC-43895
ATCC-51657
ATCC-51658

FRI-185

ATCC-25922

Salami implicated in
illness outbreak

Clinical sample
Ground beef implicated
in illness outbreak
Clinical sample

Clinical sample

Unknown

Clinical isolate

Dr. John Luchansky, Food

Research Institute, University

of Wisconsin - Madison
American Type Culture
Collection, Manassas, VA
American Type Culture
Collection, Manassas, VA
American Type Culture
Collection, Manassas, VA
American Type Culture
Collection, Manassas, VA
Food Research Institute,
University of Wisconsin -
Madison
AmericanType Culture
Collection, Manassas, VA

Experimental Set-Up. Per guidance from the Savastat manufacturer ECMI,

Environmental Controls & Methods, Inc. (ECMI) our experimental design involved a

circulatory system utilizing a small tub, pump, and filter system. The Savastat S-38,

which is an electronic physical water treatment unit, was threaded through 18’ ID

- surgical tubing (inner diameter 3/8”) that had greater than 15’ upstream to the pump. The

pump (Jabsco, Model 14900-0001) used was a self priming, impeller pump which

assisted in flocculation before filtration. The 15° tubing was connected to one side of the

pump while another piece of tubing >2” connected the pump and the Nalgene in-line filter

holder. The length was suggested by the NSF to provide time for flocculation to occur.

The 48 mm filter membrane is designed for removal of particles or microbial

contaminants from liquids or gases by filtration. An additional piece of tubing was

connected to the opposite side of the filter to allow the fluid to be expelled back into the

tub. The flow rate of the pump was determined by taking three measurements at 5



seconds each finding an average flow rate which ended up being 82.6 mL/sec. Our initial
run had a quick turn over rate ~ 40 turns per hour (iue to the 2000 mL container used. To |
v_slovx; fhis flow rate down a larger tub was obtained. Our intermediate size tube held 14
liters which had a flow rate of 21 turns per hour. To be in accordance with the Savastat
pfbcedures the suggested flow rate was to be slowed down to provide 1- 6 turns per hour.
To do this, an even larger tub that held 40L was used which resulted in a flow rate of ~7
turns per hour: Initially the experiment was run with distilled water, and after consulting
with the Savastat Company, ECMI, we switched to tap water. The switch to tap water
would \bring better conductance in the system. At the end of each experiment, all
materials except the pump were autoclaved for 25 minutes. To sanitize the pump the
systém was flushed with a 10% bleach solution, followed by distilled water, and then
flushed again with 70% ethanol solution. At the beginning of each experiment to test the
Sterilizing procedure sainples were taken and plated on APC Petri Films and then,
incubated at 35°C for 24 hours. In total 5 runs were done énd two controls conducted.
Before turning on the Savastat the system was allowed to circulate for 30 minutes with
two samples taken at 10 and 30 minutes. The Savastat was then turned on and each
additional sample was taken every 15 minutes for a total of 5 hours when the 40 L
éontainer was used. Each sample was taken with a pipet. 1 mL was removed from the
circulating fluid bath and placed on either 3M Petrifilm Aerobic Count Plates (APC) or
Sorbitol MécConkey agar (SMAC, Difco) depending on the type of bacteria used.
Pathogen enumeration and confirmation. For each sampling and trial plates were
prepared using a series of at least two and up to six decimal dilutions in BPD. For the

~ non-pathogenic E.coli experiments, 3M Petrifilm E.coli/Coliform Count (ECC) plates



were used. For each petrifilm ECC plate 1 mL of sample is placed in the middle of the
well and spread with a plastic spreader. Typical E.coli colonies seen on this type of
medium are blue to red-blue colonies associated with entrapped gas, regardless of size or
intensity of color they are confirmed as E.coli. Pathogenic strains were diluted down and
spread plated onto SMAC. Three plates were prepared for the initial undiluted (undiluted
sample) and 1 mL of sample was distributed (~ 0.3, 0.3 & 0.4 mL) over all three plates
and spread using a sterile bent plastic spreader. For all other dilutions, one plate was
used and 100 pL of appropriately diluted sample was spread using a sterile bent plastic
spreader. The selecﬁve medium used for Escherichia coli O157:H7 was Sorbitol
MacConk::y agar (SMAC, Difco) on which typical colonies are obaque (colorless to
white); atypical colonies are opaque (éolorless to light pink) with ne defined pink (to red)
center. Both, 3M Petrifilm ECC plates and SMAC plates were incubated at 35°C for 24
hours. Samples were taken at 10 and 30 minutes with the system circulating without the
Savastat on and then taken every 15 minutes with the Savastat turned oﬁ. Each test phase
was run for at least 4 hours. 3M Petrifilm Aerobic Count Plates (APC) were used at the
_beginning of each e¥per£nent to gather information regarding the sanitization procedure
from the previous run. Again, 1 mL was placed on the middle of the plate and was
spread using a plastic spreader wnh the recessed side doWn. APCs were incubated at
35°C for 48 hours. Colonies that were red, regardless of size or intensity, were counted

and recorded.



RESULTS AND DISCUSSION:

Data table 2 shows all the LOG(CFU) counts for each individual run that was

v doné. The results with the 40 liter tub are the most important and most significant when
drawing conclusions about the Savastat S-38 performance. For the nonpathogenic E.

coli, the results show over a period of 4 hours a gradual decrease in microorganism in the
'recirculating tap water (Graph 1). A control run was completed without the Savastat and
results were graphed. The bacterial counts during the control run decreased slightly. .
Furthermore when comparing the control run to the Savastat run we see the Savastat S-

) 38‘, vwas able to decrease bacterial counts significantly. Overall there was a 2.7 log

difference from starting counts to final test counts. Results shown on Graph 1 clearly

indicate and confirm the Savé?tat system’s ability to reduce microorganisins in the testing

environment.

To further test the Savastat’s ability to reduce bacterial levels in recirculating
ﬂuids, pathogénic E.coli, which are much more hardy bacteria, were tested.
Correspondingly, the results found with pathogenic E.coli were similar to those with the
nonpathogenic E.coli. In Graph 2, results show that pathogenic £.coli counts were also
reduced by the savastat system. The decline in bacterial counts for the pathogenic E.coli
was not as steep as the nonpathogenic E.coli, again this could be due to the hardiness of
path(;genic E.coli. After running the experiment for a total of 5 hours, the overall log
difference of the pathogenic E.coli reduction by the Savastat was 2.92; very similar to the
nonpathogenic log difference.

Similarly we conducted a control run fc;r/»the pathogenic E.coli. We would expect

to see an insignificant decrease in the amount of microorganisms, in resemblance to the

S



nonpathogenic test run, however, we saw a surprising reduction in microorganisms
similar to that occurring with the Savastat system. For the first part of the run, bacterial
levels had a fast die-off with the Savastat system and counts stabilize. The control data
for the pathogenic E.coli there was a steady decrease in bacteria in which the final levels
were similar to that run with the Savastat system. It is unclear as to why these results
were observed.

Overall, both nonpathogenic and pathogenic E.coli rans were observed to have
significant reduction of microorganisms in the recirculating fluid with the Savastat on.
When comparing the different strains of F.coli, the bacterial counts began to level off
near the end of each test run (See Graph 1 and 2). Even though bacteria levels were
lowered with the Savastat, there is still potential for bacteﬁal' outbreaks which are still a
huge concern to the industry. From our current resuits we can conclude that the Savastat
does have the ability to reduce bacterial counts but whether or not it can completely
eliminate bacteria from the system is inconclusive. More test runs would have to be set
up to demonstrate the limits and the power of fhe Savastat to eliminate microorganisms.
Future experiments should test and address this problem of bacterial counts leveling off.

The test results described above took time to obtain due to the nature of the
experinient. During the course of the study, three significant changes were made to the
original protocol. These three experimental design changes were: (1) increasing the
container that the fluid is recirculated in, (2) switch from deionized water to tap water, (3)
increasing the length of time experiment was run.

Initially we started our experimental protocol with a 2000 mL container full of

deionized water. Using the 2000 mL container we started out with an extremely high



turn over rate of about 40 turns per hour. The first test run was run for a total of 1 hour
with Savastat on (this does notinclude the first half hour in which we allowed the system
to éirculate in attempt to distribute bacteria evenly). After looking at the sample results
on the ECC petrifilms, which was diluted to the -5 dilution, we found that the bacterial
counté showed no decrease in number (Table 2).
The unsatisfying results lead to a conference with a manufacturé representative.
Aftér consulting thek manufacturers of the Savastat S-38, we changed our protocol in
accordance with suggestions from the ECMI. These suggestions are the three major
| experimental désign changes listed above. The first suggestion was to slow down the
flow rate. To do this we decided to control the flow rate by changing the size of the
* container used. A turn over rate suggested by ECMI allowed 1-6 turns per hour. In order
- to slow down the turn over rate a container holding 40 liters of water would be needed.
. Using the 40 Liter container would decrease our flow rate to ~7 turns per hour which was
close enough to test the Savastat function. The second change was the switching to the
' use of tap water instead of deionized water. Tab water has increased ionic strength,
resulting in better conduction capability of tap water. Lastly we felt it was necessary to
give sufficient time for the Savastat to work so the experiment was expanded for a total
of 4 hours with the Savastat system on.

While waiting for the 40 liter container to arrive a test was run with a container
that held 14 Liters of tap water. This container gave us a flow rate of ~21 turns per hour.
" As shown in Table 2 we observed some reduction of bacteria which lead us to believe the
Savastat system was indeed decreasing the microorganism counts in the recirculating

fluid. After these results we anxiously awaited the results given with the 40 L container



which gave a flow rate of ~7 turns per hour. As stated above and shown in Graph 1 and 2
results in the 40 Liter container was significant because we were able to see a
considerable reduction of bacterial amounts in the fluids.

Future experiments are necessary and will be extremely valuable for a better
understanding of the Savastat’s limitations and strengths. Changes and improvements to
the experimental desi gn and clean up 1s necessary to improve methods of sterilizing the
equipment, because growth was found on all APC plates which were taken before the
inoculum was poured into the container and allowed to circulate. The method in this
experiment in which the Savastat was set up appears to have been somewhat effective,
however we were unsuccessful in trying completely eliminate inculum bacteria. The
inabilify of the Savastat to eliminate the bacteria could have been the result of inefficient
circulation in the tub used. Future experiments should be developed where the fluid
should be agitated or stirred to keep organisms from settling into a niche and preventing
complete reduction of pathogen numbers. Additional tests should be run to test other
bacterial strains to see how they fare against the Savastat S-38.

In summary, our results show that the Savastat S-38 is capable of decreasing the
amount of microorganismé, particularly E.coli, in recirculating fluids. The Savastat S-38
did not eliminate bacteria amounts completely in the experimental settings and thus
which the Savastat should not be the sole step taken to eliminate bacteria. The Savastat
S-38 has the potential to aid in the reduction of microorganisms in recirculating fluids |
and possibly prevent future outbreaks from products that involve use of recirculating

fluids during processiﬁg.






