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MICROORGANISMS IN WATER

Bacteria

Viruses

Protozoa



BACTERIA

Single cell organisms

Enclosed within a cell wall

Size 0.1 to 10 µ

Waterborne spread biofilms

Shelter/habitat

Food source



BACTERIA

Approx. 40 billion bacteria in/on each of 
our bodies (10:1 bacteria:human cells)

Most are not harmful, some pathogenic

Require nutrients!

Organic matter, particulates, minerals, 
other microorganisms

Impossible to eliminate 100% 

Control is the “name of the game!!”



BIOFILM



TRANSLATION????



TRANSLATION????



COMMON PATHOGENS IN DOMESTIC WATER
(CDC ESTIMATE: 90,000 HOSPITALIZATIONS AND 7,000 DEATHS ANNUALLY!)

Escherichia coli

(Gastrointestinal)

Legionella 
pneumophila

(Respiratory)

Staphylococcus
aureus

(General Infections)

Non-TB 
Mycobacterium

(General Infections)

Pseudomonas 
aeruginosa
(General + Skin)

Viruses

(General)

Protozoa

(General + Stomach + Brain)

Aeromonas 
(multiple species)

(Stomach, Wound, 
Flesh-Eating Disease)



LEGIONELLA

1976 American Legion conference (within 1 

week… 130 hospitalized, 34 dead)

Now 5,000 x more antibiotic resistant

Legionnaire’s disease (pneumonia-like)

General mortality: 1 in 10

Healthcare mortality: 1 in 3 or 4

Survivors face long-lasting side-effects

Immunodeficient susceptible

Pontiac fever

Flu-like

CDC estimate: > 30,000 cases in US/ Yr. 

Only about 7,000 reported 

Increase of 450% since year 2000



LEGIONELLA PNEUMOPHILA

Extremely common in virtually all public and 
private water supplies (small numbers)

Lives and flourishes in biofilm

Feeds on other bacteria

Released during piping disturbances 

Amoeba KEY to reproduction

Legionella can survive 50 PPM of free chlorine for 
18 hours inside a typical amoeba

Amoeba control critical

Chlorine not very effective on biofilm



COMMON LEGIONELLA TRANSMISSION POINTS

The Real Danger: Inhalation!

Showers

Faucets

Humidification

Misters

Cooling towers

Decorative fountains

Ice machines

Hot tubs

Dental chairs



FAVORABLE CONDITIONS IN BUILDING WATER SYSTEMS
LEGIONELLA

Water temps: 68 – 122°F

“Water Age”

Stagnation

Dead legs

Over-sized pipes

Low flow fixtures

Scale and sediment

Lack of a residual disinfectant



LEGIONELLA PNEUMOPHILA

Current Consensus #1 (flowing water):

0 CFU/ml = “Ideal”

0.1-1.0 CFU/ml = “Low Risk” (monitor)

1.0-10 CFU/ml = “Normal Risk” (disinfect, test, manage) 

>10 CFU/ml = “High Risk” (sanitize, disinfect, report)

Same guidelines for cooling towers

Current Consensus #2:

If >30% of fixtures are positive = “High Risk”

(test at least 10 fixtures + heater + return)

Adiabatic humidifiers: >1 CFU/ml = “High Risk”



WHY ARE PEOPLE PAYING ATTENTION?

2017 CMS mandate 

ASHRAE 188 standard to be 
implemented and enforced

Risk assessment / solution 
implementation required

Joint Commission 2022

OSHA recommendations

CSA standards existing



CONTROLLING LEGIONELLA IN BUILDING SYSTEMS

MOST IMPORTANT:

Eliminate “dead-legs” and other stagnation

Stagnation = 16 hours

Limit distances from HW recirculation loop

Low flow fixtures: how low is low enough?

Perform regular system flushing

Electronic fixtures, solenoid valves

Manual flushing

Temperatures over 122°F inhibit growth

TEST TEST TEST!

DOCUMENT DOCUMENT DOCUMENT!



USING TEMPERATURE TO CONTROL

Recirculate greater than 140°F

Periodic heat sanitizing (over 158°F)

Simple

Effective on free-floating Legionella

Scald risk

Mixing valves (GROWTH!)

Energy wasted

Hot water limitations?

Doesn’t kill within biofilm

Temperature doesn’t deal with the “cold” 
water lines or “mixed” fixture outlets. 
DEAD CELLS = FOOD!!!



REGULATORY HURDLES FOR OTHER METHODS

1974  Safe Drinking Water Act

Building serving 25+ individuals becomes a 
“Community Water System” if “treatment” installed

“Treatment” definition varies by state

Normally excludes softeners and filters

Hot water systems sometimes included

Typically requires water testing

Copper, coliforms, arsenic, DBP’s, etc.

Requires a certified and/or licensed operator (per state)



ADDITIONAL METHODS OF CONTROL

Chemical Disinfectants

Differing levels of effectiveness

Community water certification required

Can attack plumbing systems (metals, rubbers, etc.)

Regular maintenance requirements 

Daily monitoring 

Chemical replenishment

Replacement/cleaning of pumps, probes, elastomers, etc.



ADDITIONAL METHODS OF CONTROL

Free chlorine (0.5 – 1.5 PPM free residual)

Inexpensive (bleach)

Commonly used and understood

Works well with free-floating bacteria

Degrades in high temperatures

Ineffective on biofilms and amoeba

Byproducts (regulated)



ADDITIONAL METHODS OF CONTROL

Monochloramine (1 - 1.4 PPM residual)

Good results with biofilm control and penetration

Long-lasting residual

Expensive

Attacks rubber 

Nitrification (nitrates = regulated)

Over-feed can cause significant damage to piping (especially copper)



ADDITIONAL METHODS OF CONTROL

Chlorine dioxide (ClO2)

 (0.4 - 0.7 PPM dose, 0.1 - 0.5 PPM residual)

Good control of free-floating Legionella

Mixed results with biofilm and amoeba

Expensive

Flammable and explosive (often on contact)

Toxic off-gas (filtration required)

Chlorite buildup (regulated)

Take care when mixing different disinfectants!



ADDITIONAL METHODS OF CONTROL

Copper silver ionization

Very effective on free-floating Legionella

Decent biofilm penetration

pH limitations (ineffective in high pH)

Expensive

Potential increase in Mycobacterium, per 
USEPA study

Regulated metals released into water

Weekly testing/maintenance

Metal buildup in system

Classified as “insecticide”



ADDITIONAL METHODS OF CONTROL

UV irradiation

Very high kill rate for Legionella + Amoeba

Simple and inexpensive

Requires direct contact with water

Destroys chlorine

Particulates = incomplete disinfection

Dead bacteria = FOOD!

Point-of-use filtration (0.1 micron or less)

Highly effective

Good emergency solution

Expensive

Maintenance-intense (4-6 week life)



NEW SOLUTION: ULTRAFILTRATION

Filtration 0.02 - 0.01 micron

99.999+% removal of bacteria and amoeba

99.99+% removal of viruses

Dissolved minerals and chemicals unaffected!



NEW SOLUTION: ULTRAFILTRATION



NEW SOLUTION: ULTRAFILTRATION

Thousands of fibers per module!



POINT-OF-ENTRY TREATMENT

Whole-Building Ultrafiltration: A Firewall for pathogens!

Prevent entry of 99.999+% of bacteria/nutrients!

Eliminates boil water advisory shutdowns

Reduced biofilm growth (no bugs, less food)

Protection from city contamination

Disinfectants more effective!

Self-cleaning (20 second cycle, 1 – 2 times daily)

BAS-connectable

Automatic membrane integrity testing (EPA-approved)

10-22 year typical membrane life

GT-1 System



POINT-OF-ENTRY TREATMENT

(A single “rack” has 1 controller and up to 4 membranes)



HEALTHCARE INSTALLATION



STANDARD POINT-OF-ENTRY SYSTEMS

Virex ProPhoenix GT



POINT-OF-ENTRY ULTRAFILTRATION

New Construction = A “No-Brainer”

Protect investment from day 1

Minimize biofilm growth (permanently)

Manage the cause – not the symptoms

Significant liability protection!

No damage to piping and fixtures

No harm to human health 

Minimal maintenance

Install prior to initial building “fill” 



POINT-OF-ENTRY ULTRAFILTRATION

New Hospital (Opened December 2016)

A PICTURE IS WORTH 1,000 WORDS!

Biofilm comparison after 14 months:  
Raw water vs filtrate in stagnant parallel pipe!



POINT-OF-ENTRY ULTRAFILTRATION

Existing Buildings:

An instant firewall to disrupt biofilm lifecycle

Drastic reduction in new nutrients and 
organisms

More effective disinfectant residuals over time

Bacteria levels spike temporarily as biofilm 
sloughs – and then plummet

Use disinfectants (typically chlorine), temp, and 
flushing to purge/control

Address piping and water age issues

Ongoing testing required

Hospital Installation

Control Panel



2018 POINT-OF-ENTRY ULTRAFILTRATION
STUDY



2018 POINT-OF-ENTRY ULTRAFILTRATION
STUDY

Avg 0.3 ppm free chlorine in facility (city-supplied)



ESTIMATED PRICE COMPARISON VS OTHER METHODS

HUF (Point-of-Entry, GT-4)

$157K system w/bypass

$1K annual repl. filters x 4 years

$1K annual service (optional) x 4 years

= $165,000 over 5 years

Monochloramine: 300GPM System

$80K system (incl. year 1 chemicals)

$21K annual chemical x 4 years

$7500 annual repair x 4 years (P&L)
 

= $194,ooo over 8 years

After 10+ years (typical), HUF Requires $30K 
replacement membranes (approx. 3 hours labor)

Copper-Silver: 300GPM System

Est: $130K system (incl. year 1 cells)

$15K annual repl. cells x 4 years

$3K annual service x 5 years

= $185,000 over 8 years

Electropositive Cartridge Filters: 
300GPM Skidded System w/redundancy

(a “skid system” with our bypass filters)

$80K system (w/controls)

$22K annual repl. cartridges x 5 years

$8K annual service x 5 years

= $230,000 over 5 years
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