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Why Secondary Disinfection Systems (SDS)?

A Needed to address the increased risk of
patrons in certain venues acquiring
Recreational Water lliness, and specifically
Cryptosporidium.

I Aguatic venues design for young children

AWading pools
AlInteractive water play aquatic venues

I Therapy pools




Outbreaks of Acute Gastrointestinal lliness Associated
with Recreational Water, United States, 19781 2010*
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Outbreaks of Acute Gastrointestinal lllness Associated
with Treated Recreational Water, United States, 20011
2010*

Chlorine sensitive:
Poor pool operation
& maintenance

Unidentified 7.0%

Other* 2.3%
Shigella spp. 4.1%

E. coli 2.3%

Norovirus 4.7%

Giardia 3.5% x

Game
- Changer
Cryptosporidium
spp.( AN Crypt o00)
76.2%
Extremely
chlorine

Plesiomonas, and multiple pathogens; Hlavsa MC et al. 2014.
MMWR 63(1):61 10.

P
P

o

| *n=172; Other includes Salmonella, Campylobacter, tO|eI‘ant



Cryptosporidiosis, Non-Outbreak Case Reports:
United States, 1994-2010
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Yoder JS et al. MMWR 2012;61:1-12.




What Does SDS Do?

A Noin situtreatment available for
Cryptosporidium

A With each pass SDS reduces the number of
Infective Cryptosporidiunparvumoocysts

A By way of dilution, over time the numbef
Infective Cryptosporidium parvuraocystsin
the poolare reduced to below 1 infectious
dose




How Does SDS Do This?

A By definition, SDS must achiew4o8
Inactivation ofCryptosporidium parvum
oocystswith each pass

A Flow rate through SDS is determined based
upon aquatic venue volume and prescribed
dilution time for reducing an assumed initial
dose of 100 million (1) oocysts to a
concentration of 1 oocyst/100mL
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SDS Sizing Criteria

A Allowable time for dilution to an noinfective
concentration Is the lesser of 9 hrs or 75% of
the uninterrupted time theagauticvenue is

closed
A Required SDS flow rate is:

Q =V x(14.8In(V))

(60 x T)

Q = SDS flow ratggm)
V = Total aquatic venue volume (gals)
T = Dilution time (hrs) -




Sample Calculation

A 100,000 gallon venue which is closed 12 hrs
out of every 24 hours

V=100,000 gals

T =12 hrs x 75% = 9 hrs

Q = 100,000 x (148In(100,000))
(60 x 9)

Q =609pm




Additional Considerations

A Minimum SDS size (flow rate) is determined
Independent of the filtration flow rate

A SDS can be sized for 100% of the filtration flo\
rate, so long as the flow through the SDS unit
IS equal to or greater than the minimum
required flow rate as determined by the sizing
formula




General SDS Design Requirement

A SDS may be installed on any typeqtiatic
venue

A If installation is required, they must be labeled as
a SDS and conform to all SDS requirements

A SDS must achievel8g reduction in the number
of infectiveCryptosporidium parvurmocysts per
pass through the SDS

A SDS must be located pefdtration

A MAHC currently recognizes UV and Ozone as
acceptable SDS processes




Ozone
Secondary Disinfection
for
Public Swimming Venues
Under MAHC Compliance




Definition of Ozone

A Ozone is a gas that is dissolved in water to Kkill
microorganisms, destroy organics, and break
down chloramines by oxidation. This occurs
Immediately at the ozone gas injection point,
and continues as the sidstream remixes
with the main return. A small residual (~0.1
PPM) of dissolved ozone will enter the pool,
providing further oxidation of contaminants.




Do To To o Po Do To I

Properties of Ozone

Ozone ;) is a gas derived from oxygen which can be readily dissolved in
water

Ozone has a fresh scent at low concentrations and smells pungent at
higher concentrations

Gaseous Ozone dissolved in water Is referred to as Aqueous Ozone
(which has no odor)

Ozone is a powerful antimicrobial oxidizer and sanitizer
Agueous Ozone is an effective micfmcculant

Agueous Ozone is an effective affbaming agent
Agueous Ozone is an effective antimicrobial agent

The disinfecting capability of 1 PPM Aqueous Ozone is equivalent to
many times (10 to 4,000 times) the concentration of free available
chlorine (Morris, 197% Disinfection: Water & Wastewater), depending
on pH, temperature, and on the specific microorganisms to be destroyed

Ozone is compatible with Chlorine in Swimming Pools
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How Is Ozone Measured?

A Dissolved ozone is measured by an Oxidation
Reduction Potential (ORP) monitor/controller in
a swimming pool

A The ORP reading can range between 600 mV to
900 mV at the point of introduction into the
main return line before entering the pool

A An ORP of 800 mV is ~ 0.2 PPM dissolved ozone
which Is estimated to equate to ~40 PPM Cl in
terms of oxidation and antimicrobial efficacy

Conference for the Model Aquatic Health Code



Ozone Regulatory

A 1976EPA Approves Ozone as an Antimicrobial Oxidizer Device

A 1982IBWA Bottled Water Association Approve Ozone as an
Antimicrobial for Product, and Disinfectant for Filler Lines

A 1999 EPA Lists Ozone as Safe for Surface and Ground Water

A 2001 FDA/USDA Approve Ozone as an Antimicrobial Food
Additive

A 2001 FDA/USDA Approve Ozone as a Food Contact Surface
Disinfectant

A 2001USDA National Organic Program Allows Ozone as an
Antimicrobial Food Additive and Food Surface Disinfectant

A 2010 Ozone is added to the FDA Model Food Code as an
approved antimicrobial surface sanitizer

A 20120zone is recognized as a Secondary Disinfection
System in the Model Aquatic Health Code
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Ozone Safety

EPA approved

As a pesticide, ozone equipment must be registered by the EPA under
the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). DEL
Ozone is an EPA registered establishment (ERfab No. 071472CA
001).

OSHA Regulations for Ozone (Gaseous Only)
Health Hazard Data
I Inhalation /Respiratory System, Eyes, Blood
PEL (Permissible Exposure Limit)
I 8 hour Time Weighted Average 0.1 PPM Vol.
STEL (Short Term Exposure Limit)
I 15 Minute 0.3 PPM Vol.
IDLH (Immediately Dangerous to Life and Health)
I 5PPM
No OSHA Regulations apply to Aqueous Ozone; N

L. (‘/ I I I
it is not harmful to humans




OzoneBiocidalBehavior

Electron micrographs of E. coll

E. coli dried as a biofilm on a porous surface
Before ozone treatment After ozone treatment
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1. Ozone oxidizes cell membranes, causing osmotic bursting
(instantaneously) :
2. Ozone continues to oxidize enzymes and DNA N
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Public Bath Tubs

A Ozone AntiMicrobial Validation under ANSI/NSF Protocol P308

A Pass compliance requires al@g (99.9%) reduction oE. colj
Staphylococcuaureus, Pseudomonaseruginosa Trichophyton
mentagrophytesand Candidaalbicansin 30 minutes

A Actual Microbial Reductions in 30 Minutes

E. coli 4.7 log (>99.99%)
Staphylococcuaureus 4.7 log (>99.99%)
Pseudomonaseruginosa 3.2 log (>99.9%)
Trichophytonmentagrophytes 4.0 log (99.99%)
Candidaalbicans 4.7 log (>99.99%)

Test Parameters

Water temperature @ 93F, 20 PPM oil insult, 1.1 PPM side
stream applied single pass ozone dose, microorganism
destruction was measured in the tub
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Public Swimming Venues

A Ozone AntiMicrobial Validation under ANSI/NSF Standard 50, Annex H

A Pass compliance requires al@g (99.9%) reduction oPseudomonas
aeruginosaand Enterococcu$aeciumin 30 minutes

A Actual Microbial Reductions in 6 Minutes
Pseudomonaseruginosa 6.6 log (>99.9999%)
Enterococcuecium 6.7 log (>99.9999%)

Test Parameters
Water temperature @70F
20 PPM oill insult
9 PPM Urea insult
1.6 PPM sidestream applied single pass ozone dose
Microorganism destruction was measured in the pool
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Public Swimming Venues

A Ozone Antimicrobial Validation fo€ryptosporidiunmparvumReduction
tested by NSF International

A Pass compliance requires a 3 Log (99.9%) reductioBrgptosporidium
parvum

A Actual Microbial Reductions in 30 Seconds
Cryptosporidium parvum3.0 log (>99.9%)

Test Parameters
Water temperature @6° F
1.6 PPM sidestream appliedozonedose

Crypto measurements were taken on a single pass [measured
after side-stream is diluted in full flow] defined as a side
streamrapplied singlepass or fulflow system
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SideStream Applied
Single Pass

'NSE. NSF Study J-00047649
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l 6,600 live Crypto Docysts/L (6.6 x 10° Oocysts/L) l

From Pool Main Return Line To Pool
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CT Values for Cryptosporidium parvun
Inactivation

CT Value
Concentration times Time
(PPM * Minutes Exposure = CT Value)

Chlorine
CT is 15,300 [20 PPM for 13 hours (780 minutes)]

Aqueous Ozone

Total CT (@ 100%) 0.76
NSF Rated CT Value (0.76*2) 1.52

Donofrio , R. (2013) Laboratory Validation of an Ozone Device for Recreational Water
Treatment. Journal of Water and Health; Published by IWA Publishing in collaboration with
the World Health Organization (WHO) . Peer -reviewed and accepted for publication 10 Mar

2013




MAHC Ozone System Requirements

An ozone system shall be a complete system, consisting of the
following  (either skid  -mounted or components):

1) Ozone generator
2) Injector / injector manifold
3) Reaction tank (contact tank) / mixing tank / degas tower

4) Degas valve (if applicable, to vent undissolved gaseous
ozone)

5) Ozone destruct (to destroy undissolved gaseous ozone)
6) ORP monitor / controller

7) Ambient ozone monitor / controller (for indoor systems )
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Basic Ozone System

System
Components:

Ozone Generator
Injector Manifold POOL/SPA
Reaction Tank
Degas Valve &
Destruct I——I I—J
ORP
Monitor/Controller
Ambient Ozone i

Monitor/Controller |>°9‘W“°" SYSTEM— —— —— (2 OZONE MANAGEMENT SYTEM —— ——

OZONE
INJECTOR
OZONE GAS FEED ASSEMBLY

e

OZONE DEGAS TOWER
- 0R. =
OZONE DEGAS TANK

(25% NOMINAL)
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ical Ozone System

OZONE GENERATION SYSTEM

UNDISSOLVED GASEOQUS
OZONE DESTRUCT

/—OZONE DEGAS TANK

BOOSTER PUMP —/

MAIN CIRCULATION LINE 3]
FROM PUMP, FILTER, HEATER, .. ° (X’\ »——*"RETURN T0 PoOL
BYPASS VALVE
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Basic Ozone System

G’? SBNE Components Shown:

Ozone Generator
Injector Manifold
Reaction Tank
Degas Valve
Ozone Destruct
ORP Controllers
winesis | (not shown)



Ozone System &
ORP Controller

Components Shown:

A) Ozone Generator
B) ORP Controller




Injector Assembly




Reaction (Contact) Tank

Components Shown:

A) Contact Tank
B) Degas Valve (shown)
C) Ozone Destruct (shown )
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Degas Valve
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Ozone Destruct
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Ambient & Controller/Alarm




Ozone Compatibility with Cl and Bl

A Ozone s reaction with chlorine is minimal
A Ozone will break down chloramines

A Ozone provides the main oxidation and disinfection in
the pool while the chlorine provides a chemical
residua

A 1t is not recommended that ozone be used in
conjunction with bromine. When used with bromine,
ozone oxidizesspent bromine (bromide) back to
useful bromine. This depletes the ozone before it can
oxidize the organic contaminants in the water, and
significantly reduces ozone efficacy.
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Applying
UV Treatment
Secondary Disinfection
for
Public Swimming Venues

Under MAHC Compliance




The Main Functions of UV Pool Water
Treatment

1. Toprovidesecondarydisinfection, particularly
against chlorinegesistant pathogens such as
Cryptosporidiunand Giardia

2. Toreduce the chloramine components of

combined chlorine.

U\I {o clean up the
chloramines problem




Key Parameters for a Secondary
Disinfection System (SDS)

A Water quality (For UV it is the UV
Transmittance)

A Turnover rate through the SDS

A Rate of reduction in the number of ineffective
Cryptosporidium parvuraocysts per pass







