Special Media

Emerging Antimicrobial Technology
Pathogenic Microorganisms

Summary: Recent failures in public water
treatment systems and a growing popula-
tion with suppressed immune systems
have increased consumer awareness and
demand for point-of-use/point-of-entry
(POU/POE) and other commercial devices
that protect against harmful waterborne
microorganisms. Incorporating new mi-
crobial media will help reduce risk to end-
users by mitigating unwanted microbes in
avariety of potable and non-potable water
supplies, in the United States and abroad.
Part 2 next month will discuss a new resin
with special properties for anion removal.

coli outbreaks such as the one

in Walkerton, Ontario, which

m Killed at least seven and in-
juredanadditional 2,000 people, have
diminished the sense of security
people once had inthe safety of drink-
ing a fresh glass of tap water. Al-
though the vast majority of public
water systemsdeliver “microbiologi-
cally safe”” water to their consumers,
incidental and often undetected con-
tamination does occur. Added to this
is an increased understanding of the
ill effects microorganisms can have
on at-risk individuals such as the eld-
erly, youngandthose with suppressed
immune systems like chemotherapy
patients.

Together, these factors and oth-
ers have created a groundswell of
demand for water treatment devices
and systems that are effective over a
wide range of microbes. While many
commercially marketed POU devices,
such as countertop and faucet-mount
filters, carafes, etc., now include anti-
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microbial mediato address this need,
they’re often limited in the range of
microorganismsthey can control, con-
tinuing to leave the consumer poten-
tially at risk from disease causing
pathogens.

Innovative technology platform

A new media-based technology
developed over the last two years
offers alternatives to consumers for
achieving the antimicrobial protec-
tion they expect, controlling not only
a wide range of bacteria and yeasts
but viruses as well.

Atthe heartofthe technologyisa
synthesis methodology involving
impregnation of various metal oxides
onto an inorganic support resulting
in a material with biocidal and bacte-
riostatic properties. The technology
platform allows the synthesis of nu-
merous combinations of known anti-
microbial agents—such as copper
(Cu), silver (Ag), manganese (Mn),
zinc (Zn) and others—with various
support materials to create a compo-
sition with unique physical and
chemical properties, e.g., surfacearea,
porosity, morphology, metal disper-
sionand metal distributions. Support
materials can include numerous sub-
strates such as alumina, silica, car-
bon, polymers, plastics and other
metal oxides. The technology inacti-
vates, reduces and/or exhibits bacte-
riostatic properties on a variety of
bacteria, yeast, algae, and viruses
through several modes of action:
= Chemical interactions betweenthe

organisms and metals/metal ox-

ides, i.e., catalytic oxidation and
reduction;

e Cell wall interactions inhibiting
electron transport;

= DNA binding to prevent unwind-
ing;

= Physical changes that disrupt nor-
mal organism function, and

= Synergistic effects of above.

Historically, the first application

investigated with this new technol-

ogy was for an industrial reverse os-

mosis (RO) application, as an in-line

pretreatment step for controlling mi-

crobes such as Pseudomonas aureginosa.

The positive results naturally

launched the technology into a host

of new applications for potable and

recreational water treatment. This

particular technology offers some

unique features and advantages that

differentiate it from other commer-

cially available microbial reduction

alternativesemployed in water treat-

ment devices and systems, includ-

ing mechanical filtration (mem-

branes), chlorine and other halogens

such as iodine, distillation, and ul-

traviolet (UV) technology. Among

those features:

= |t imparts no odor or off-taste;

= It’s effective against a wide range
of microorganism;

= Short contact times can achieve
high efficacy;

= |t’s safe to handle and chemically
stable;

= |t’'sapplicableforuseinmany POU
and POE devices;

= |t’s effective for potable and non-
potable water applications;
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It retains perfor-
mance in high hard-
ness waters;

It requires no sophis-
ticated controls, elec-
tricity or instrumen-
tation to operate;

It remains effective
over broad pH and
temperature range,
and

Extractable metals
are controlled.

Demonstrated
performance

Research through
laboratory testing and
field trials has verified the
technology’s effectiveness in destroy-
ing and/or controlling some of the
most challenging disease causing or-
ganisms, including those that result
in gastroenteritis, pneumonia, chol-
era, Legionnaire’s disease and Sal-
monella poisoning. Exceptional re-
sults were also achieved in reducing
concentrations of pathogenic E. coli
H1570 (see Figures 1&2), which has
contaminated various food and wa-
ter sources, infectingand killing many
people—most recently in Walkerton,
Ontario.

Table 1. Microbial reduction effects of new

technology

Figure 1. Live E. coli

-+

Figure 2. Lysed E. coli
after being treated
with filtration media

A summary of some
performance results on
these and other difficult
organisms (see Table 1)
indicate the technology
may have far-reachingef-
fectiveness on a wide
range of bacteria as well
asviruses. Thetable sum-
= marizes a list of organ-
% ismstested inseveral dif-
ferent applications and
relative reductions of
those microbes observed
in lab, pilot and field
demonstrations. The lab
tests presented in Table 1
were performed at sev-
eral locations, in-
cluding Spectrum
Labs in Brighton,

GAC & MB 2000 blend—10" point-of-use filter

been shown that bacterial reduction
can now be combined with current
carbon-based cyst removal technol-
ogy for enhanced microbial control.

Additional testing proved the
technologyto be very effectiveincon-
trolling the MS2 virus (bacterioph-
age), considered by many to be an
excellent surrogate for other patho-
genic viruses. The first round of tests,
which was conducted by an indepen-
dentlaboratory, reported greater than
7log reduction of bacteriophage simi-
lar to MS2. Figure 4 shows a graph of
MS2 reduction in a laboratory col-
umn test with shorter contact times,
where 99.9-t0-99.99 percent reduction
of MS2 virus was observed. Addi-

Figure 3. E. coli (coliform) reduction
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Figure 3 shows
some recent bacte-
rial reduction re-
sultsachieved from
a 10-inch counter-
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thisnew antimicro-
bial media and granu-
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Microorganism Disease/Disorder Reduction vice, which is based on

Legionella Pneumonia 480 cfu/ml a pore structure nor-

pneumophilia reduced to mally used to achieve

1 cfu/ml cyst removal. The pro-

Klebsiella pneumoniae | Pneumonia 3 -4 log totype cartridges were

Vibrio cholerae Cholera 3-4log tested at Spectrum

Salmonella typhi Typhoid Fever 3-4log L?bslé Chﬁllenge Ievels

— = o] .coli average

Escherichia coli Gastroenteritis, 3-4log : g

Kidney Damage 1.0x10% colony forming

MS-2 Bacteriophage Influenza, Colds, etc. | 7 -9 log units per milliliter (cfu/

Psoud T =Y ml). The test was con-

seudomonas ung infections, -6 log

aeruginosa Endocarditis, dU_CtEd at0.5 gallgns per

Dermatitis and minute (gpm) with a 50

Osteochondritis percenton/offcyclefor

Campylobacter jejuni | Gastroenteritis 3-4log _500_ga| lons. The results

Klebsiella terragina Gastroenteritis 3-4log indicated greater than

Heterotrophic
Plate Count (HPC) Non-pathogenic

nuisance bacteria
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a 99.9 percent bacterial
reduction for the dura-
tion of the test. It has

Bacteriostatic
control
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tional testing at the University of Ari-
zona using pathogenic rotavirus and
poliovirus is ongoing, with encour-
aging results to date.

The technology’s bacteriocidal
performance has also been success-
fully demonstrated in a 2-%2 month
field trial with Legionella bacillus. Be-
cause this organism thrives in warm
aquatic environments, living inside
biofilms, a commercial size Jacuzzi
spa was selected as a representative
field location. To ensure results
couldn’t be attributed to another bac-
teriocidal agent, all residual chlorine
was removed prior to testing. A side
stream of the recirculation water was
pumped through a standard sump
and cartridge combination contain-
ing the antimicrobial media. The re-
sults showed nearly a complete con-
trol of Legionella concentration.
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Figure 4. Virus reduction—MS2 Phage

Laboratory test—MB 2000G
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As shown in Table 2, influent
concentrations of up to 480 cfu/ml
were reduced to less than 1 cfu/ml
during the test period. The media’s
aggressive performance at higher
temperatures suggests this technol-
ogy could prove effective in similar
applicationswhere Legionella often oc-
curssuch asshowers, cooling towers,
and humidification systems.

The technology’s bacteriostatic
properties were most recently dem-
onstrated in a series of laboratory
evaluations using small
disposable plastic car-
tridges. Several media
samples were inoculated
with known concentra-
tions of E. coli and P.

products devel-
oped from this core
technology has
broad applicability in helping con-
sumers fulfill their need for safer
drinking water, again, both here in
the United States and abroad where
the existence of reliable water treat-
ment systems is a luxury. Although
the primary focus of the technology
hasbeen ontreating waters of “known
microbiological quality” (i.e.,deemed
to be potable), the products can be an
excellent complement to other tech-
nologies—such as membrane or ce-
ramic filters and others—to create an

700 800 900 1000

Table 2 . Summary of spa pilot test—
Legionella MB-2000G

Purpose: Determine efficacy antimicrobial MB-2000G

to control Legionella under controlled field
conditions

aeruginosa (1.0 x 10°cfu/ml Locatsiggf ?:CrEEZiSpa—Atlanta

range) and tested under Sump: Approximately 200 gallons
guiescent—or inactive— Water: Tap

conditions using separate = Temp: 103°F »

filters containing E. coliand Dlsmf_ectlon: No_chemlcal addmves .

! ; gE. Legionella: Spike from cooling tower (Legionella sp.)
P. aeruginosa. Two control  Circulation: Continuous 1.3 gallons/minute
sampleswere tested over a Testing: July - October 1999
10-day incubation period Cartridge: ﬁosulsrl]r?g x 20-inch standard sump and
USing a sterilized sand fil- Media: MB-2000G granu|ar
ter inoculated with each Results: Legionella

; Date (cfu/ml) Comment
separate bacterium. After 8/20 320 Initial spike concentration
two days, control samples 8/25 435  Culture established
showed pronounced 9/7 480 Installed MB-2000G
growth that continued to o/o o cartridge
increaseto coloniestoo nu- 9/10 30
merous to count over the 9/14 BDL
duration of the experi- gg; B?'—
ment._ The test sgm_ples 10/1 BDL
containing the antimicro- 10/5 BDL
bial media showed no 10/8 BDL

11/5 BDL Evaluation Completed

growth during or after the

test was completed.

BDL—Beyond Detection Limits
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“ultimate” microbiological purifier if

desired. By that, it’s meant devices

that treat water of “unknown micro-
biological quality.”

The mediaorcombination thereof
can be used alone within standard
devices and housings or can be cus-
tomized to create an enhanced prod-
uct with multiple functionality, de-
pending on the desired claims as
shown in the example above. A num-
ber of prototypes are being demon-
strated commercially for overseas
and domestic use. Some specific ex-
amples for microbial control in the
POU, commercial and recreational
markets include:
< Food and beverage service sys-

tems;

« Post-mix beverage systems for
underdeveloped regions where
electricity islimited or unreliable;

= ROsystemsfor microbial control;

« POU filters combined with other
technologies;

= Pools,spasand other recreational
uses;

= Water coolers and sports bottles;

< POE systems for in-home and
public areas;

= Disaster relief devices, and

Backpacking filters.

Although most of the commer-
cial development to date has been
oriented toward aqueous applica-
tions, the far-reaching effectiveness
of the technology indicates that ap-
plications outside of the water in-
dustry are also possible, including
air filtration devices, fabrics, coat-
ings, and manufactured goods.

Conclusion

To meet the increasing water
guality challenges of the future, new
antimicrobial technologies are re-
quired. Backed by two years of sci-
entific, third-party testing, this tech-
nology has proven effectiveonawide
range of bacteria, yeasts and viruses
in both potable and non-potable wa-
ter treatment applications. The
technology’s effectiveness is due to
several different chemical and bio-
chemical mechanisms, which allow
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successful performance in a wide va-
riety of conditions and applications.
Ideal for POU applications, this tech-
nology can help consumers gain the
microbial protection they demand. q
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