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be effectively destroyed under controlled and repeatable condi-
tions when passed through a filtration cartridge containing the
antimicrobial filter media. E. coli was selected as a bacterium for
challenge tests since it is a widely recognized health risk indicator.
Legionella pneumophila was selected as a test bacterium since it
is a known pathogen associated with cooling towers. SRBs and
IFBs (inclusive of iron reducing bacteria (IRBs) and iron oxidizing
bacteria (IOBs)) were selected for challenges due to their known
detrimental effects in cooling tower systems. Laboratory efficacy
testing was performed at facilities accredited with the National En-
vironmental Laboratory Accreditation Program and/or the Ameri-
can Industrial Hygiene Association Environmental Microbiology
Proficiency Analytical Testing program. Control parameters were
established according to the following criteria:

• Filtration cartridge configuration,
• Water flow direction through filtration cartridge,
• Filtration cartridge dimension,
• Area of filtration cartridge at openings,
• Volume of filtration cartridge,
• Influent water flow rate,
• Water volume passing through filter media, and
• Influent bacteria concentration in the stock solution.

Efficacy for each challenge is calculated as follows:

Efficacy (%) = (Influent Concentration – Effluent Concentration) x 100
Influent Concentration

1.1.2  E. coli Efficacy
E. coli was subjected to a larger number of challenges since it is a
leading indicator of health risks in a wide variety of environmental
settings and treatment applications. It is considered that bacteria
having similar characteristics as E. coli would likewise be destroyed
on contact with the antimicrobial filter media. A summary of the E.
coli testing approach and analytical results are provided below.
E. coli stock (standard) solutions were prepared from KWIK-STIK
pellets, traceable to authentic reference collections such as the
American Type Culture Collection. Pellets were dissolved in sterile
laboratory grade water and stock solutions were contained in plas-
tic holding tanks. Stock solution concentrations were determined
by “Methods for the Examination of Water and Wastewater,” 18th

Edition, 1992, test method number 9260F, m-ColiBlue24. Blank con-
trol samples were obtained as warranted either prior to and/or fol-
lowing testing as part of a standard quality control program. The E.
coli stock was gravity fed from a 45 gallon sterile polypropylene
holding tank. The container was gently stirred with an electric mo-
tor turning a paddle at an appropriate rate depending on the simu-
lation design. The container was fitted at the base with a manually
operated PVC flow discharge nozzle. Each filtration cartridge was
constructed of open ended PVC pipe, with both ends covered with
a thin flexible nylon screen having at most one millimeter (0.0394
inch) square openings to retain the filter medium. Filter cartridge
dimensions were either 1.5-inches diameter by 12-inches long, or 4-
inches diameter by 2 inches in length. Cartridges were held in place
by use of standard laboratory clamp devices such that at least a
three inch (7.62 cm) head space was maintained between the dis-
charge nozzle and the top of the filtration cartridge. Cartridges were
connected to the stock holding tank via flexible polypropylene

discharge tubing. Both downflow and upflow configurations were
used. Effluent (filtered and treated) water samples were collected in
new, one gallon sterile polypropylene containers to eliminate cross
contamination between sample containers. The basic testing op-
eration process relied on gravity draining the E. coli stock solution
holding tank through the discharge nozzle, whereby the influent
water reached the test filtration cartridge via plastic tubing. Water
passed through the test filtration cartridge at an assigned flow, or
loading rate. Typically, one gallon samples were collected in plastic
containers at the terminus of the test filtration cartridge. Each efflu-
ent (filtered) water sample was promptly analyzed for E. coli con-
centrations within the holding time limit. Each test consisted of a
pre-test filter wash, and at least one gallon of water was passed
through the test cartridge as a blank and tested for E. coli.
Table 1 summarizes the analytical results for eight E. coli efficacy
challenges, sorted by increasing influent concentrations from 150
to 36,000 col/100ml. Loading rates ranged from 9 to 30 gpm/ft2. The
calculated efficacies were >99.9% for these challenges.

Table 1. Summary of Laboratory E. coli Efficacy Challenges

The derivation of simulated test parameters from the laboratory
test parameters allows the results to be extrapolated to a larger
scale application of filtration cartridge. The efficacy tests can be
uniformly compared on a simulated basis with respect to flow rate
over a 24 hour period passing through a 2 foot x 2 foot x 1 foot thick
cartridge (e.g., 4 ft2 and 4 ft3). For the tests cited in Table 1, the
simulated flow rates range from 57,600 to 172,800 gallons/day.

1.1.3 Legionella Efficacy
Independent laboratory Legionella efficacy challenges were per-
formed. Two one-gallon stock solutions of Legionella pneumophila
(Centers for Disease Control strain #BC1636) were passed via grav-
ity flow through a PVC filtration cartridge measuring 1.5-inches
diameter and 12-inches in length containing the antimicrobial sand
media. Both ends of the cartridge were covered with a thin flexible
nylon screen to retain the filter media. The filtration cartridge was
held in place by use of standard laboratory clamp devices such that
at least a three inch (7.62 cm) head space was maintained between
the stock solution container and the top of the filtration cartridge.
The solutions passed through the cartridge at a loading rate up to
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10 gpm/ft2. Legionella analysis was performed using established
methods developed by the Centers for Disease Control and Pre-
vention, Atlanta, GA, 1983.
Influent Legionella concentrations were 570 and 650 col/ml, while
effluent concentration were <10 and 30 col/ml, respectively. Effica-
cies of 95.4 to 99.1% were achieved for these tests. Table 2 summa-
rizes the Legionella efficacy tests. According to OSHA recommen-
dations for cooling towers, these influent concentrations equate to
Action Level 4 (100 to 999 col/ml). The influent Legionella concen-
trations used represent a level of moderately high concern such
that disease outbreaks may occur, and cleaning and/or biocide treat-
ment is likely indicated. The effluent concentrations represent lev-
els of low to little concern (refer to OSHA Legionella guidelines).

Table 2. Summary of Laboratory
Legionella Efficacy Challenges

Note: One-half of the method detection limit was used for the value
listed as <10 col/ml (e.g., 5 col/ml).

1.1.4 Sulfate Reducing Bacteria (SRBs) and Iron
Fixing Bacteria (IFBs) Efficacy
In order to measure the efficacy of the antimicrobial filter media
against SRBs and IFBs, an independent laboratory investigation
was performed using a raw water sample collected from a ground-
water extraction well known to be impacted by these bacteria. A
filter cartridge measuring 4-inches in diameter and 2-inches in length
was filled with the antimicrobial filter media. As before, a nylon
mesh was used to hold the media in place. From the raw water
sample, two one-gallon solutions were prepared. Each gallon was
separately passed via downflow gravity feed through the cartridge
at a loading rate of 10 gpm/ft2. Effluent samples from both passes
were collected and bacteria were plated on a specialized growth
media. Proper controls were used during the testing procedure to
avoid cross contamination and ensure accuracy. Both chemical
reactions and direct microscopic examinations were performed to
confirm the efficacy results. Table 3 summarizes the influent con-
centrations, effluent (post-filtration) concentrations, and the asso-
ciated efficacies achieved by the filter media. The results of the
efficacy tests demonstrate removal efficiencies of 98.7 and 92% for
SRBs and IFBs, respectively.

Table 3. Summary of Laboratory SRBs
and IFBs Efficacy Challenges

1.1.5  Total Aerobic Bacteria Testing
Another laboratory test against total aerobic bacteria was performed
using a closed loop configuration designed to reflect treatment in a
side stream filter. This challenge was performed over a 48 hour
period which simulated 1,250 gallons of treated water passing
through a 3.2 ft2 filter cartridge at a loading rate of 20 gpm/ft2. Both

control and test stock solutions were prepared from commercially
available RID-X®, a septic system treatment product. Corrections
to influent concentrations were made based on natural drops in
concentrations of the control stock over 24 and 48 hour periods.
Natural concentration reductions were determined to be 13% over
24 hours and 16% over 48 hours. Using these corrected concentra-
tions after 24 hours, the influent concentration was 1,192 col/ml
and the effluent concentration was 100 col/ml, representing a 92%
reduction in total aerobic bacteria. After 48 hours, the corrected
influent concentration was 1,151 col/ml and the final concentration
was 57 col/ml, resulting in a 95% reduction. Figure 2 illustrates the
total aerobic bacteria influent and effluent concentrations over 24
hours and 48 hours for the side stream simulation.

Figure 2.  Total aerobic bacteria reduction was maintained
over a 48 hour test simulating 1,250 gallons of treated

water in a closed loop (side stream) system.

2.0 TOXICITY TESTING
Subsequent to the laboratory testing and prior to implementing
any field demonstrations of the antimicrobial media, a series of
independent 48-hour acute toxicity tests were performed. These
tests were conducted to document that the effluent water is non-
toxic. All acute toxicity tests were performed in accordance with
“Methods for Measuring the Acute Toxicity of Effluents to Fresh-
water and Marine Organisms,” EPA/821/R/02/013, October 2002.
Test organisms included fathead minnows (Pimephales promelas)
and water fleas (Ceriodaphnia dubia). All test concentrations were
evaluated at 6.25, 12.5, 25, 50 and 100 percent. Zero mortality of the
test organisms was recorded for the duration of the toxicity test
periods. Hence, the treated effluent water is considered to be non-
toxic.
The antimicrobial filter media was also subjected to long term toxic-
ity testing in association with the NSF/ANSI 61 certification pro-
cess for “Community Use.” No chemical leachate was identified in
the effluent water and the cited certification was subsequently is-
sued.

3.0 TECHNOLOGY DESCRIPTION FOR
CROSSFLOW (VORTEX) SAND FILTER
Another component of the treatment technology includes the use
of a crossflow sand filter. A description of the technology is pro-
vided below.
A conventional depth sand filter, as opposed to a crossflow (vor-
tex, or centrifugal force) sand filter, uses a vertical downflow ap-
proach through a media bed which serves to concentrate the con-
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taminants throughout the media bed. An alternative approach is a
filter technology that uses a centrifugal force to provide crossflow
filtration of the untreated water which instead concentrates con-
taminants above the media bed. The centrifugal force filter offers
the advantage of sustained cleaning action by forcing the sus-
pended solids to concentrate above the media and not relying on a
filter cake to improve filtration efficiency. As a result, fine-grained
sand can be utilized without clogging the device. Contaminants
(solids) trapped above the sand are removed using an automatic
backwash cycle that uses less water over a shorter span of time
than that associated with traditional sand filters. Figure 3 illus-
trates a comparison between the downflow and crossflow media
filter technologies.

Figure 3.  Comparison of downflow and crossflow filters.
The crossflow filter works similarly to a membrane system with
crossflow filtration, thereby permitting water to create a cleaning
action at the top of the ultra-fine sand media-working layer. A cen-
trifugal force filter requires a fine-grained top layer of media. If this
same fine-grained sand were to be used in a conventional down
flow design, the filter media would blind over and quickly develop
a channeling effect throughout the media. A centrifugal force filter
provides for the removal of suspended solids down to a particle
size of 0.25 microns (μm). By comparison, a conventional downflow
depth filter technology typically removes particles down to 10 to 15
μm. After backwash, a downflow filter can reduce solid particles
down to about 15 μm until a filter cake develops again where filtra-
tion may decrease particles to 10 μm. Once the filter cake creates a
higher than designed pressure differential, the solids captured in
the top layer of the conventional filter bed can channel downward
through the bed and out the bottom distribution piping, resulting
in a surge of total suspended solids (TSS) back into the filtered
water. Another significant difference between the two technolo-
gies is that the depth filter will require higher water flow volumes
during backwash cycles, requiring larger pipes on both the back-
wash water and backwash wastewater lines. Typically, a downflow
filter will use approximately 50% more backwash water over the
same period of time which can result in higher utility and wastewa-
ter treatment costs.

3.1 Crossflow Filter Benefits
Benefits that can be realized from use of a crossflow filter are as
follows:

1. Provides for nominal 0.25 sub-micron filtration,
2. Reduces TSS levels in circulating water loops by more

than 90%,

3. Allows filtration up to 20 gpm/ft2 (two to four times greater
than conventional filters),

4. Reduces nutrient food source for biological formation,
typically related to particle sizes <10 μm,

5. Reduces energy consumption through lower backwash
flow rates and water usage, and

6. Provides smaller installation footprints.
While the crossflow sand filter will not only remove the particles
filtered by the conventional approach, it will also remove solid
particles down to less than one μm in size. Typically, 85 to 90% of
the particles within re-circulating cooling tower waters are finer
than 5 μm by count. Small bacteria that excrete a polysacharide
product (binding agent) accumulate on condenser tubes creating
slimy conditions that attract and hold the small suspended par-
ticles.

3.2 Testing of Centrifugal Force Filter for Particle
Size Removal
Comprehensive independent laboratory tests have been performed
to support the performance of the crossflow sand filter in associa-
tion with an industrial cooling tower. Water samples were collected
at startup (pre-filtration operation) and 90 days after the filter had
been in full operation. Samples were analyzed for particle size and
counts. The results indicate that 95% of all particles were below
one μm in size, 97% of the particles were in the 1 to 2 μm range, 97%
of the particles were in the 3 to 8 μm range, and 99% of particles 8 to
16 μm were removed (Figure 4).

Figure 4. Results of crossflow filter test at an
industrial cooling tower site.

4.0 FIELD DEMONSTRATIONS USING
ANTIMICROBIAL FILTER MEDIA IN A
CROSSFLOW FILTER
The results of three field demonstrations using the antimicrobial
filter media contained within a crossflow filter are discussed below.

4.1 Case Study #1 – Industrial Cooling Tower
Two phases of a full scale crossflow filtration test were performed
for an open 6,500 gallon cooling tower at a Midwestern industrial
production facility. The cooling tower is used in association with a
chiller, two air compressors, and a welding water system. The first
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testing phase was performed from March to November, 2008 in
order to evaluate TSS removal efficiency by the crossflow filter.
The second phase was performed from May to August 2009 to
demonstrate the duel reduction and suppression of bacteria and
TSS for using an undersized crossflow filter containing the antimi-
crobial filter media.
The first phase of testing used a crossflow sand filter sized at 100
gpm. The cooling tower has a recirculation rate of 1,250 gpm and it
was determined that at least a 100 gpm filter could be used. Process
water was sampled at the startup and conclusion of the of the five
month testing program. From the March 2008 startup sample, the
TSS concentration was 28.21 mg/L and the total particulate count
was 62,014. At the end of the testing period, the process water
exhibited a TSS concentration of 0.46 mg/L and the average TSS
was >2 μm. A TSS reduction rate of 98.4% is calculated for the first
phase test.
The second phase of testing used the above-cited cooling tower
but with a crossflow sand filter sized at 20 gpm and 4.4 turnovers
per day (1.6% of the recirculation rate). Typical guidelines for the
crossflow filter cite 8 to 10 turnovers per day and 3 to 5% of the
recirculation rate. Intentions were to operate the deliberately un-
dersized sand filter in stressed conditions to evaluate performance
accordingly. Process water samples were collected periodically
during the three month testing period to assess TSS and bacteria
reduction and suppression capabilities for the filtration system.
Table 4 summarizes the testing parameters for this facility.

Table 4. Performance Summary, Case Study #1

Initial influent TSS concentrations were on the order of 20 mg/L.
The TSS concentrations continued to exhibit decreasing levels over
time. A 50% reduction of TSS levels was achieved in two weeks
from startup, and a 67% reduction had been reached one month
from startup by June 27, 2009. The bleed valve became inoperative
on that day and there was a noticeable buildup of the TSS level to
24 mg/L by the July 2 sample date. Following repairs, the TSS con-
centration again fell to 5 and then <1 mg/L to achieve a maximum of
99% TSS reduction. Laboratory testing also determined that 90%
of the solid particle sizes were 5 μm or less. Water clarity, or the
measurement of turbidity of the water, was measured in Formazin
Attenuation Units (FAU). Water clarity was reduced and main-
tained during the testing period.
Chemical automatic biocide treatment that included both non-oxi-
dizers and oxidizers was discontinued on May 28, and an adenos-
ine triphosphate (ATP) value of 1 was recorded that day. The

amount of ATP within a cell is proportional to cell size and cell
activity. ATP readings are taken to represent the presence or ab-
sence of microbial growth. Following installation of the antimicro-
bial media and discontinuation of chemical disinfection, the ATP
values were maintained at <1 for the duration of the testing pro-
gram. Dip slides indicated biological growth in the 101 to 102 cfu/ml
range, well below the maximum operational limit of 105 cfu/ml. Bro-
mine was fed manually on a monthly basis to control sessile biofilm
and algae on the tower deck. During the pilot period oxidizing bio-
cide use was reduced by 90% and non-oxidizing biocides were
reduced by 100%.
From this case study, it is indicated that the crossflow sand filter
containing the antimicrobial filter media provided effective reduc-
tion for TSS and bacteria from initial levels; and, provided contin-
ued treatment even under stressed operating conditions. It is also
reported by the facility operator that the heat exchange efficiency
was at the highest levels ever recorded for the tested process sys-
tem. Likewise, production costs were reduced since it was no longer
necessary to operate both air compressors when one proved ad-
equate to maintain desired production levels. The plant also real-
ized a reduction in cooling tower water makeup rates.

4.2 Case Study #2 – Commercial Cooling Tower
A full scale field test was performed at a commercial building in
Montreal, Canada for an 800 ton HVAC chiller for the purpose of
demonstrating bacteria suppression using a crossflow filter con-
taining the antimicrobial filter media. The device was sized for 3%
of the system recirculation rate and >10 turnovers per day. No
biocides were used during the 10 week warm weather testing pe-
riod. From 25 dip slide measurements, the microbiological popula-
tion averaged 103 cfu/ml, with one sample exhibiting a value of 102

cfu/ml and one sample exhibiting 104 cfu/ml (Figure 5). All observed
bacteria levels were well below the operating limit of 105 cfu/ml.

Figure 5. Average bacteria level of 103 cfu/ml, below the
operating limit of 105 cfu/ml.

An average aerobic bacteria concentration of 417 cfu/ml was re-
corded for the testing period (Figure 6). A noticeable decrease in
the aerobic bacteria level occurred shortly after startup and effec-
tive bacteria suppression was maintained during the test.

Figure 6. Aerobic bacteria levels were suppressed
during the testing period.
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Anaerobic bacteria levels are shown below in Figure 7. It is indi-
cated that a sharp decline in the anaerobic bacteria level occurred
soon after startup and suppression was maintained over the course
of the test.

Figure 7. Anaerobic Bacteria levels decreased following
startup and were suppressed during the testing period.

Figure 8 illustrates the concentration of Legionella pneumophila
during the testing program. Note that the concentration scale is
expressed in colony forming units per liter; thus, 1,000 cfu/L equals
1 cfu/ml. Although the identified Legionella concentrations are
low, the antimicrobial filter media was effective in removal and sup-
pression.

Figure 8. Effective removal and suppression of Legionella
by the antimicrobial filter media contained

in a crossflow sand filter.

4.3 Case Study #3 – Groundwater Extraction
Treatment
For this case, groundwater recovered from extraction wells is cur-
rently being used for industrial process water; however, the water
is impacted by high levels of SRBs and IFBs. It is necessary to
remove those bacteria from the process water prior to utilization. A
full scale pilot test demonstrated that the antimicrobial media con-
tained in a crossflow sand filter provides effective removal of these
bacteria. Table 5 summarizes the results of laboratory analysis of a
field sample collected in November 2009. From this data, it is indi-
cated that removal efficiencies against SRBs and IFBs exceeded
99% in the presence of high influent concentrations of 520,000 and
over 7 million col/ml, respectively.

Table 5 Removal of SRBs and IFBs from
Groundwater Extraction Wells

5.0 CONCLUSIONS
The antimicrobial filter media has demonstrated superior perfor-
mance for the elimination of a wide variety of bacteria in both labo-
ratory challenges and field demonstrations. Field verification tests
performed in cooling tower water support effective removal and
suppression of harmful microorganisms. The integrated antimicro-
bial technology provides treatment over an extended period of time.
The use of the antimicrobial filter media, when applied in a centrifu-
gal force sand filter, simultaneously provides exceptional bacteria
and TSS removal efficiency. The use of this integrated treatment
approach can provide for improved operating efficiency while re-
ducing operating costs.


