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Foreword

Swimming, soaking, and playing in water have been global pastimes throughout written
history. Twentieth-century advances in aquatics—combining disinfection, recirculation,
and filtration systems—Ied to an explosion in recreational use of residential and public
disinfected water. As backyard and community pool use has swept across the United
States, leisure time with family and friends around the pool has increased. Advances in
public aquatic facility design have pushed the horizons of treated aquatic facilities from
the traditional rectangular community pool to the diverse multi-venue waterpark hosting
tens of thousands of users a day. The expansion of indoor aquatic facilities has made the
pool and waterpark into year-round attractions. At the same time, research has
demonstrated the social, physical, and psychological benefits of aquatics for all age
groups.

However, these aquatics sector changes—combined with changes in the general
population, chlorine-tolerant pathogens, and imperfect bather hygiene—have resulted in
significant increases in reports of waterborne outbreaks, with the greatest increase
occurring in man-made disinfected aquatic venues. Drowning continues to claim the lives
of far too many, especially children, and thousands of people visit hospitals every year
for pool chemical-related injuries. The increase in outbreaks and continued injuries
suggests there would be benefits fromneecessitates building stronger public health
regulatory programs and supporting them with strong partnerships to implement health
promotion efforts, conduct research, and develop prevention guidance. It also would be
useful forrequires-that public health officials continue to play a strong role in overseeing
design and construction, advising on operation and maintenance, and helping inform
policy and management.

The Model Aquatic Health Code (MAHC) is a set of voluntary guidelines based on science
and best practices that were developed to help programs that regulate public aquatic
facilities reduce the risk of disease, injury, and drowning in their communities. The MAHC
is a leap forward from the Centers for Disease Control and Prevention’s (CDC)
operational and technical manuals published in 1959, 1976, and 1981 and a logical
progression of CDC’s Healthy Swimming Program started in 2001. The_2016 MAHC
underscores CDC’s long-term involvement and commitment to improving aquatic health
and safety. The MAHC guidance document stemmed from concern about the increasing
number of pool-associated outbreaks starting in the mid-1990s. Creation of the MAHC
was the major recommendation of a 2005 national workshop held in Atlanta, Georgia
charged with developing recommendations to reduce these outbreaks. Federal, state,
and local public health officials and the aquatics sector formed an unprecedented
collaboration to create the MAHC. The MAHC will be regularly updated using input from
a national stakeholder partnership called the Council for the Model Aquatic Health Code
(CMAHC). The CMAHC was formed to keep the MAHC up to date and current with the
latest advances in the aquatics industry while also responding to public health reports of
disease and injury. as an all-encompassing health and safety guidance document. The
partnership hopes this truly will lead to achieving the MAHC vision of “Healthy and Safe
Aquatic Experiences for Everyone” in the future.

Atlanta GA 2016
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1.0 Preface

1.1 Introduction

With hundreds of millions of visits' to AQUATIC FACILITIES, waterparks, and natural
recreational water sites each year, BATHERS expose themselves to many potential
dangers in and around AQUATIC FACILITIES. In recent decades, public health practitioners
have seen a dramatic increase in waterborne disease outbreaks associated with public
disinfected AQUATIC FACILITIES (e.g. sSwimming POOLS, water parks, etc.).?2 Drowning and
faIIing, diving, chemical use, and suction injuries continue to be major public health

Thus, public health and SAFETY is essentlal to consider starting with the design,
construction, operation, and maintenance of public AQUATIC FACILITIES.

1 US Census Bureau. Statistical Abstract of the United States: 2012. Arts, Recreation, and Travel: Participation in
Selected Sports Activities 2009. -Available at http://www.census.gov/compendia/statab/2012/tables/12s1249.pdf.
Accessed on April 15, 2016March-16,-2014.

2 Hlavsa MC et al. Outbreaks of lllness Associated with Recreational Waterwater—associated-disease-outbreaks —
United States, 2011-2012. MMWR2009-2040- Morb Mortal Wkly Rep. 2015:64(24):668-722044:63(1):6-10.

3 Gilchrist J, et al. Racial/ethnic disparities in fatal unintentional drowning among persons aged <29 Years — United

States, 1999-2010. J Safety Res.MMWR Merb-Mertal-\Wkly-Rep- 2014 Sep;50:139-42:63(19):421-6.
4 CDC. Drowning — United States, 2005-2009. MMWR Morb Mortal Wkly Rep. 2012;61(19):344-347.

5 Xu J. Unintentional drowningGBC-—Fenleading-causes-ofinjury deaths in theby-age-group-highlightingunintentional
injury-deaths; United States, 1999——2010. NCHS Data Brief 2014;149:1-8.

6_CDC. Ten leading causes of injury deaths by age group highlighting unintentional injury deaths, United States —
2010 Available online at https://www.cdc. qov/|n|urv/W|sqars/pdf/1OIC|d unintentional deaths 2010-a.pdf. Accessed

7 Glpson K PooI or Spa Submer3|on Estlmated In|ur|es and Reported Fatalities, 2011 Report. U.S. Consumer
Product Safety Commission, May 2011. Available online at
http: //www cpsc. qov/LIBRARY/FOIA/FOIA1 1/os/poolsub2011 pdf Accessed on Aprll 14, 2016.-CBG-Pool-chemical—

Rep—299958(48)489—9&
8 CDC. Pool chemical—-associated health events in publicAeute-iliness and residential settingsinjury-from-swimming
— United States, 1983-20072002-2008. MMWR Morb Mortal Wkly Rep.

pool-disinfectants-and other chemicals
2009;58(18):489-932011:60(39):1343-134+.

9 CDC. Acute illness and injury from swimming pool disinfectants and other chemicals — United States, 2002-2008.

MMWR Morb Mortal Wklv Rep 2011 60(39) 1343- 1347 —Andepsen—AR—et—al—'FheLdﬁtHbuhen—and—pubhc—heaﬁh

10 Anderson ARHlavsa-MC, et al. The distribution and public Peel-chemical—associated-health consequences of
releases of chemlcals |ntended for pool useevents in 17 states, 2001-2009. J EnV|ron Hithpublic-and-residential

y-Rep- 2014;76(9):10!



http://www.cpsc.gov/LIBRARY/FOIA/FOIA11/os/poolsub2011.pdf
http://www.cpsc.gov/LIBRARY/FOIA/FOIA11/os/poolsub2011.pdf
https://www.cdc.gov/injury/wisqars/pdf/10lcid_unintentional_deaths_2010-a.pdf
http://www.census.gov/compendia/statab/2012/tables/12s1249.pdf
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1.2 Recreational Water-Associated lliness Outbreaks and Injuries

Since 1978, the number of recreational water-associated WATERBORNE DISEASE outbreaks
(WBDOs) reported annually has increased dramatically.!" This increase is probably due
to a combination of factors including:

The emergence of PATHOGENS, especially CHLORINE-tolerant Cryptosporidium,
Increased participation in aquatic activities,

Increases in the number of AQUATIC FACILITIES, and

Increased recognition, investigation, and reporting of outbreaks that may have
previously gone undetected.

For 2011-20120ver2009-2010, a total of 9084 recreational water-associated WBDOs
and 1,788366 cases of illness and 9562 hospitalizations were reported to the CDC. CDC
documented that 6957 of these outbreaks and 7378% of the cases were associated with
disinfected water venues.'?

Multiple challenges exist for providing adequate cleaning and disinfecting of swimming
water. Sunlight, urine, exposure to air, and inorganic and organic matter (i.e. sweat,
saliva, and feces) can quickly deplete FAC, the primary disinfectant used in POOLS.
AQUATIC FACILITIES also provide potential exposure to FECAL contamination from other
swimmers. These incidents are common in AQUATIC FACILITIES, especially from diaper-
aged BATHERS who are not toilet trained (babies and toddlers)."®

One such pathogen is Cryptosporidium? (fecal-orally spread from person to person or
from contaminated objects/vehiclesmedia like POOL water), which can survive for days in
chlorinated AQUATIC FACILITIES because it is extremely CHLORINE resistant. 516,17 18
Cryptosporidium causes a profuse watery diarrhea that contains large numbers of
infectious 0OCYSTS so, if the water or surfaces at AQUATIC FACILITIES get contaminated, an
outbreak can occur. Cryptosporidium and other waterborne pathogens have a low
infectious dose and can still be excreted from the body weeks after diarrhea ends. These

11 Hlavsa MC et al. Outbreaks of lliness Associated with Recreational Water — United States, 2011-2012. MMWR
Morb Mortal Wkly Rep. 2015;64(24):668-72.

12 Hlavsa MC, et al. Outbreaks of lliness Associated with Recreational Water — United States, 2011-2012. MMWR
Morb Mortal Wkly Rep. 2015;64(24):668-72.

13 CDC. Prevalence of Parasites in Fecal Material from Chlorinated Swimming Pools — United States, 1999. MMWR
2001;50(20):410-2.

14 Painter JE, et al. Evolving epidemiology of reported cryptosporidiosis cases in the United States, 1995-2012.
Epidemiol Infect 2015; doi:10.1017/S0950268815003131.

15 Korich DG, et al. Effects of ozone, chlorine dioxide, chlorine, and monochloramine on Cryptosporidium parvum
oocyst viability. Appl Environ Microbiol 1990;56:1423-1428.

16 Shields JM, et al.. Inactivation of Cryptosporidium parvum under chlorinated recreational water conditions. J Water
Health 2008;6:513-520.

17 Shields JM, et al. The effect of cyanuric acid on the disinfection rate of Cryptosporidium parvum in 20-ppm free
chlorine. J Water Health. 2009 Mar;7(1):109-14. doi: 10.2166/wh.2009.008.

18 Murphy JL, et al. Effect of cyanuric acid on the inactivation of Cryptosporidium parvum under hyperchlorination
conditions. Environ Sci Technol. 2015;49:7348-55.
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factors increase the potential for a waterborne disease outbreak. Waterborne diseases
and outbreaks can include the following:

e Gastrointestinal iliness resulting from exposure to pathogens such as Escherichia
coli O157:H7 or Cryptosporidium,

e Infections of the brain, skin, ear, eye, and lungs,

e Wounds, and

e Exposure to pooL-related chemicals.

There were 36 aquatic facility24-treatedrecreationalwater-associated outbreaks reported
for 2011-2012in-2009-2010 that were caused by Cryptosporidium, a substantial increase
from the 15eight reported for treated AQUATIC FACILITIES in 1999-20004997-1998.1920 |n
addition, during 2003-20124999-2008 Cryptosporidium was identified as the cause of
81.874-4% of gastroenteritis outbreaks at disinfected AQUATIC FACILITIES, making it the
leading cause of diarrheal disease outbreaks at disinfected AQUATIC FACILITIES.?!

Drowning and falling, diving, chemical use, and suction injuries continue to be major
public health injuries associated with AQUATIC FACILITIES. Drowning is a leading cause of
injury death for young children ages 1 to 4, and the fifth leading cause of unintentional
injury death for people of all ages.??>?3 DuringFrem 2008--through-2010, an average of
5,100 PooL- or sPA-related emergency department (ED)-treated submersion injuries
occurred each year. DuringFer 2006-2008, 383 PoOL- or SPA-related fatalities involved
children younger than 15 years of age. Approximately 45% of the estimated injuries
duringfer 2008--threugh-2010 and 28% of the fatalities duringfer 2006--through-2008
involving children younger than 15 years of age occurred in a public setting.?*

For 2007-2008, 32 pooL chemical-associated health events that occurred in a public or
residential setting were reported to CDC by Maryland and Michigan. These events
resulted in 48 cases of illness or injury; 26 (81.3%) events could be attributed at least
partially to chemical handling errors (e.g., mixing incompatible chemicals). ATSDR's
HSEESS received 92 reports of hazardous substance events that occurred at AQUATIC
FACILITIES. More than half of these events (65 [69.8%]) involved injured persons; the most

19 Hlavsa MC, et al. Outbreaks of lliness Associated with Recreational Water — United States, 2011-2012. MMWR
Morb Mortal Wkly Rep. 2015;64(24):668-72.

20 Lee SH,Barwick-RS; et al.-- Surveillance for waterborne-disease outbreaks---United States, 1999-1997-1998.
MMWR-Surveil-Summ;-2000, MMWR Surveill Summ. 2002 Nov 22:51(8:49+4):1-4735.

21 Hlavsa MC, et al. Outbreaks of lllness Associated with MMWWR-Recreational Waterwater—associated-disease
eu%blceaks — United States, 2011-2012. MMWR 2609—2040- Morb Mortal Wkly Rep. 2016;64(24):668 |

72 :

22 CDC Drowmng United States, 2005-2009. MMWR Morb Mortal Wkly Rep. 2012;61(19):344-347.

23 Gilchrist J, et al. Racial/ethnic disparities in fatal unintentional drowning among persons aged <29 Years —
United States, 1999 - 2010. J Safety Res.MMWR-Meorb-Mortal\Wkly-Rep- 2014_Sep;50:139-42:63(19):421-6.

24 Gipson K. Pool or spa submersion: estimated injuries and reported fatalities, 2011 Report. U.S. Consumer Product
Safety Commission, May 2011. Available online at http /lwww. cpsc qov/LIBRARY/FOIA/FOIA1 1/0s/poolsub2011.pdf.
Accessed on April 14, 2016.http/rwaenas £ A 3 R
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frequently reported primary contributing factor was human error.?® Estimates based on
CPSC's NEISS data indicate that_an estimated 4,876 (95% confidence interval: 2,821-[0
6,930) emergency department (ED) visits attributable to pPooL chemical--associated
injuries occurred in 2012; almost half of the patients were <18 years of ageeld.?S

1.3 Model Aquatic Health Code

This effort stems from a CDC-sponsored workshop titled "Recreational Water lliness
Prevention at Disinfected Swimming Venues" convened on February 15-17, 2005, in
Atlanta, Georgia, in response to a 2004 position statement
((http://c.ymcdn.com/sites/www.cste.org/resource/resmgr/PS/04-ID-03-FINAL.pdf)) from
the Council of State and Territorial Epidemiologists asking for CDC to convene such a
meeting. The workshop assembled contributors from different disciplines working in state,
local, and federal public health agencies and the aquatics sector to discuss ways to
minimize RWI spread at disinfected AQUATIC FACILITIES. CDC has been working with public
health and industry representatives across the United States to build this effort since
2007. Initial efforts have been focused on reducing the spread of RWIs and prevention of
injuries at treated public AQUATIC FACILITIES.

1.4 Public Health and Consumer Expectations

1.5 Advantages of Uniform Guidance

The aquatics sector and public health officials have long recognized the advantages of
well-written, scientifically sound, and up-to-date model guidance. Industry acceptance of
procedures and practices is far more likely where regulatory officials "speak with one
voice" about

e What is required to protect the public health,
e Why it is important, and
e Which alternatives for compliance may be accepted.

Model guidance provides

e A guide for use in establishing what is required,
e Businesses with accepted guidance STANDARDS that can be applied to training and
quality assurance programs, and

e Local, state, and federal governmental bodies help with developing or updating
their own CODES.

25 Anderson AR, et al. The distribution and public health consequences of releases of chemicals intended for pool
use in 17 states, 2001-2009. J Environ HIth 2014;76(9):10-5.

26 Hlavsa MC, et al. Pool chemical-associated health events in public and residential settings — United States,
2003-2012, and Minnesota, 2013. MMWR Morb Mortal Wkly Rep. 2014;63(19):427-30.
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1.6 Modifications and Improvements in the 2016 MAHC-1*Edition

1.7 MAHC Adoption at State or Local Level

The MAHC is provided for use by governing bodies at all levels to regulate AQUATIC
FACILITIES. At the state and local levels, the MAHC may be used in part or in whole to:

e Enact into statute as an act of the state legislative body;
e Promulgate as a regulation; or
¢ Adopt as an ordinance.

Typically, coDE adoption bodies (federal, state, and local governments) publish a notice
of their intent to adopt a CODE, make copies available for public inspection, and provide
an opportunity for public input prior to adoption. As is also outlined in the FDA Model Food
Code, this is usually done in one of two ways.

e The recommended method is the "short form" or "adoption by reference" approach
where a simple statement is published stating that certified copies of the proposed
CODE are on file for public review. This approach may be used by governmental
bodies located in states that have enabling laws authorizing the adoption of CODES
by reference. An advantage to this approach is a substantial reduction in the cost
of publishing and printing.

e The alternative method is the "long form" or "section-by-section" approach where
the proposed CODE is published in its entirety. Both methods of adoption allow for
the modification of specific provisions to accommodate existing law, administrative
procedure, or regulatory policy.

1.8 The MAHC Revision Process

Throughout the creation of the MAHC, the CDC accepted concerns and
recommendations for modification of the MAHC from any individual or organization
through two 60-day public comment periods via the email address

CDC realizes that the MAHC should be an evolving document that is kept up to date with
the latest science, industry advances, and public health findings. As the MAHC is used
and recommendations are put into practice, MAHC revisions will need to be made. As the
future brings new technologies and new aquatic health issues, the Conference for the
Model Aquatic Health Code (CMAHC), with CDC participation, has instituted a biennial
change request solicitationwit—institute—a process for collecting national input that
welcomes all stakeholders to participate in making recommendations to improve the
MAHC so it remains comprehensive, easy to understand, and as technically sound as
possible. After CMAHC member voting, accepted These-final-recommendations arewilt
then sent to CDC andbe weighed by CDC for final incorporation into the nexta-rew edition
of the MAHC. Given the vision, mission, and goals of the MAHC as discussed in MAHC
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1.3, the CDC will be especially interested in addressing any problems identified. CDC
encourages interested individuals to consider raising issues and suggesting solutions
through the CMAHC process.
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2.0 User Guide
2.1 Overview

2.2 MAHC Structure and Format

The MAHC utilizes the format also found in the FDA Model Food Code; thus within the
MAHC, references are made to the FDA Model Food Code and the Conference for Food
Protection. These are purely for reference and to gain a better scope of perspective and
protocol.

2.3 Annex

Scientific and Best Practices

The annex is provided as a_scientific and best practices explanatory supplement to the
code; thus, the annex material is not intended to be interpreted or enforced as model
code in order to keep future laws or other requirements based on the MAHC
straightforward. However, the annex is provided specifically to assist users in
understanding the intent behind code provisions and applying the provisions uniformly
and effectively.

To use the MAHC more effectively, users should preview the annex contents before using
parts of the MAHC model coDE language. The annex is structured to present the
information by the specific MAHC section number to which they apply. The Annex and
Appendices also provide information and materials intended to be helpful to the user such
as forms and checklists.
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3.0 Glossary of Acronyms, Initialisms, and Terms Used in the MAHC
Code-and-Annex
3.1 Glossary of Acronyms and Initialisms Used in the MAHC Fhis
Code-and-Annex
ACCA Air Conditioning Contractors of America
ADA Americans with Disabilities Act
AAU Amateur Athletic Union
AED Automated External Defibrillator
AHJ Authority Having Jurisdiction
AMCA Air Movement and Control Association
ANSI American National Standards Institute
ARC American Red Cross
ASHRAE American Society of Heating, Refrigerating and Air-Conditioning Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
ATSDR Agency for Toxic Substances and Disease Reqistry
BCDMH 1-bromo-3-chloro-5, 5-dimethylhydantoin
CDC Centers for Disease Control and Prevention
CEU Continuing Education Units
CFEM Cubic Feet Per Minute
CMAHC Conference for the Model Aquatic Health Code
CPR Cardiopulmonary Resuscitation
CPSC Consumer Product Safety Commission
CSA Canadian Standards Association
CYA Cyanuric Acid
DBDMH Dibromodimethylhydantoin
DBP Disinfection By-Product
EAP Emergency Action Plan
ECCU Emergency Cardiovascular Care Update
EPA Environmental Protection Agency
FAC Free Available Chlorine
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act
FINA Federation Internationale de Natation Amateur
GFCI Ground-Fault Circuit Interrupter
GPM Gallons Per Minute
HMIS Hazardous Material Identification System
HOBr Hypobromous Acid
HOCI Hypochlorous Acid
HSEESS Hazardous Substance Emergency Events Surveillance System
IARC International Agency for Research on Cancer
IBC International Building Code
ICC International See-MAHG-Code CommissionSection-3-1
ICBO International Council of Building Officials
IESNA [lluminating Engineering Society of North America
ILCOR International Liaison Committee on Resuscitation
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IPC International Plumbing Code

ISPSC International Swimming Pool and Spa Code

MAHC Model Aquatic Health Code

METS Metabolic Equivalents

NCAA National Collegiate Athletic Association

NEC National Electrical Code

NEHA National Environmental Health Association

NEISS National Electrical Injury Surveillance System

NFPA National Fire Protection Association

NEFSHSA National Federation of State High School Associations

NPDS National Poison Data System

NPSH Net Positive Suction Head

NSF National Sanitation Foundation

ORP Oxidation Reduction Potential

OSHA Occupational Safety and Health Administration

PHMB Polyhexamethylene Biguanide Hydrochloride

POS Perimeter Overflow System

PPE Personal Protective Equipment

PPM Parts Per Million

PVC Polyvinyl Chloride

RLV Relative Limit Value

RPZ Reduced Pressure Zone

RWI Recreational Water lliness

SDS Safety Data Sheet

SCI Spinal Cord Injury

SMACNA  Sheet Metal and Air Conditioning Contractors' National Association

TDH Total Dynamic Head

TDS Total Dissolved Solids

THM Trihalomethane

TLV Threshold Limit Value

UL Underwriter Laboratories

UPC Uniform Plumbing Code

USLSC United States Lifeguarding Standards Coalition

uv Ultraviolet

VED Variable Frequency Drive

WC Water Closet

WQTD Water Quality Testing Device

YMCA Young Men’s Christian Association

3.2 Glossary of Terms Used in the MAHC FhisCede-and-Annex
“Activity Pool” See “Pool.”

“Agitated Water” means an aquatic venue with mechanical means (aquatic features) to
discharge, spray, or move the water's surface above and/or below the static water line of
the aquatic venue. Where there is no static water line, movement shall be considered
above the deck plane.
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“Aquatic Facility” means a physical place that contains one or more aquatic venues and
support infrastructure.

“Aquatic Feature” means an individual component within an aquatic venue. Examples
include slides, structures designed to be climbed or walked across, and structures that
create falling or shooting water.

“Aquatic Venue Enclosure” means an uninterrupted barrier surrounding and securing
an aquatic venue.

“Aquatic Venue” means an artificially constructed structure or modified natural structure
where the general public is exposed to water intended for recreational or therapeutic
purpose. Such structures do not necessarily contain standing water, so water exposure
may occur via contact, ingestion, or aerosolization. Examples include swimming pools,
wave pools, lazy rivers, surf pools, spas (including spa pools and hot tubs), therapy pools,
waterslide landing pools, spray pads, and other interactive water venues.

e ‘“Increased Risk Aquatic Venue” means an aquatic venue which due to its
intrinsic characteristics and intended users has a greater likelihood of affecting the
health of the bathers of that venue by being at increased risk for microbial
contamination (e.q., by children less than five years of age) or being used by
people that may be more susceptible to infection (e.q., therapy patients with open
wounds). Examples of increased-risk aquatic venues include spray pads, wading
pools and other aquatic venues designed for children less than five years of age
as well as therapy pools. (CR 2)

e “Lazy River” means a channeled flow of water of near—constant depth in which
the water is moved by pumps or other means of propulsion to provide a river—like
flow that transports bathers over a defined path. A lazy river may include play
features and devices. A lazy river may also be referred to as a tubing pool, leisure
river, leisure pool or a current channel.

e “Spa’ means a structure intended for either warm or cold water where prolonged
exposure is not intended. Spa structures are intended to be used for bathing or
other recreational uses and are not usually drained and refilled after each use. It
may include, but is not limited to, hydrotherapy, air induction bubbles, and
recirculation.

e “Special Use Aguatic Venue” means aquatic venues that do not meet the
intended use and design features of any other aquatic venue or pool
listed/identified in this Code.

“Authority Having Jurisdiction” (AHJ) means an agency, organization, office, or
individual responsible for enforcing the requirements of a code or standard, or for
approving equipment, materials, installations, or procedures.
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“Automated Controller” means a system of at least one chemical probe, a controller,
and auxiliary or_integrated component that senses the level of one or more water
parameters and provides a signal to other equipment to maintain the parameters within a
user-established range.

“Available Chlorine” See “Chlorine”

“Backflow” means a hydraulic condition caused by a difference in water pressure that
causes an undesirable reversal of the flow as the result of a higher pressure in the system
than in its supply.

“Barrier” means an obstacle intended to prevent direct access from one point to another.

“Bather” means a person at an aquatic venue who has contact with water either through
spray or partial or total immersion. The term bather as defined, also includes staff
members, and refers to those users who can be exposed to contaminated water as well
as potentially contaminate the water.

“Bather Count” means the number of bathers in an aquatic venue at any given time.

“Best Practice” means a technique or methodology that, through experience and
research, has been proven to reliably lead to a desired result.

“Body of Water” (per NEC, qg.v.) means any aquatic venue holding standing water,
whether permanent or storable.

“Bulkheads” means a movable partition that physically separates a pool into multiple
sections.

“Chemical Storage Space” means a space in an aquatic facility used for the storage of
pool chemicals such as acids, salt, or corrosive or oxidizing chemicals.

“Chlorine” means an element that at room temperature and pressure is a heavy greenish
yellow gas with a characteristic penetrating and irritating smell; it is extremely toxic. It can
be compressed in liquid form and stored in heavy steel tanks. When mixed with water,
chlorine gas forms hypochlorous acid, the primary chlorine-based disinfecting agent,
hypochlorite ion, and hydrochloric acid. Hypochlorous acid dissociation to hypochlorite
ion is highly pH dependent. Chlorine is a general term used in the MAHC which refers to
hypochlorous acid and hypochlorite ion in aqgueous solution derived from chlorine gas or
a variety of chlorine-based disinfecting agents.

e “Available Chlorine” means the amount of chlorine in the +1 oxidation state,
which is the reactive, oxidized form. In contrast, chloride ion (Cl) is in the -1
oxidation state, which is the inert, reduced state. Available Chlorine is subdivided
into Free Available Chlorine and Combined Available Chlorine. Pool chemicals
containing Available Chlorine are both oxidizers and disinfectants. Elemental
chlorine (Cl») is defined as containing 100% available chlorine. The concentration
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of Available Chlorine in water is normally reported as mg/L (PPM) “as Cl2”, that is,
the concentration is measured on a Cl2 basis, regardless of the source of the
Available Chlorine.

e “Free Chlorine Residual” means the portion of the total available chlorine that is
not “combined chlorine” and is present as hypochlorous acid (HOCI) or
hypochlorite ion (OCI).The pH of the water determines the relative amounts of
hypochlorous acid and hypochlorite ion. HOCI is a very effective bactericide and is
the active bactericide in pool water. OCI is also a bactericide, but acts more slowly
than HOCI. Thus, chlorine is a more effective bactericide at low pH than at high
pH. A free chlorine residual must be maintained for adequate disinfection.

“Cleansing Shower” See “Shower.”

“Code” means a systematic statement of a body of law, especially one given statutory
force.

“Combustion Device” means any appliance or equipment using fire. These include, but
may not be limited to, gas or oil furnaces, boilers, pool heaters, domestic water heaters,
etc.

“Construction Joint” means a watertight joint provided to facilitate stopping places in
the construction process. Construction joints also serve as contraction joints which control

cracking.

“Contamination Response Plan” means a plan for handling contamination from formed-
stool, diarrheal-stool, vomit, and blood.

“Contaminant” means a substance that soils, stains, corrupts, or infects another
substance by contact or association.

“Corrosive Material” means pool chemicals, fertilizers, cleaning chemicals, oxidizing
cleaning _materials, salt, de-icing chemicals, other corrosive or oxidizing materials,
pesticides, and such other materials which may cause injury to people or damage to the
building, air-handling equipment, electrical equipment, safety equipment, or fire-
suppression equipment, whether by direct contact or by contact via fumes or vapors,
whether in_original form or in _a foreseeably likely decomposition, pyrolysis, or
polymerization form. Refer to labels and SDS forms.

“Crack” means any and all breaks in the structural shell of a pool vessel or deck.

“Cross-Connection” _means _a connection or arrangement, physical or otherwise,
between a potable water supply system and a plumbing fixture, tank, receptor, equipment,
or device, through which it may be possible for non-potable, used, unclean, polluted and
contaminated water, or other substances to enter into a part of such potable water system
under any condition.
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“CT Inactivation Value” means a representation of the concentration of the disinfectant
(C) multiplied by time in minutes (T) needed for inactivation of a particular contaminant.
The concentration and time are inversely proportional; therefore, the higher the
concentration of the disinfectant, the shorter the contact time required for inactivation.
The CT value can vary with pH or temperature change so these values must also be
supplied to allow comparison between values.

“Deck” means surface areas serving the aqguatic venue, including the dry deck, perimeter
deck, and pool deck.

e “Dry Deck” means all pedestrian surface areas within the aquatic venue
enclosure not subject to frequent splashing or constant wet foot traffic. The dry
deck is not perimeter deck or pool deck, which connect the pool to adjacent
amenities, entrances, and exits. Landscape areas are not included in this
definition.

e “Perimeter Deck” means the hardscape surface area immediately adjacent to
and within four feet (1.2 m) of the edge of the swimming pool also known as the
“wet deck” area.

e “Pool Deck” means surface areas serving the aquatic venue, beyond perimeter
deck, which is expected to be reqularly trafficked and made wet by bathers.

“Diaper-Changing Station” means a hygiene station that includes a diaper-changing
unit, hand-washing sink, soap and dispenser, a means for drying hands, trash receptacle,
and disinfectant products to clean after use.

“Diaper-Changing Unit” means a diaper-changing surface that is part of a diaper-
changqing station.

“Dichloramine” means a disinfection by-product formed when chlorine binds to
nitrogenous waste in pool water to form an amine- containing compound with two chlorine
atoms (NHCI»). It is a known acute respiratory and ocular irritant.

“Disinfection” means a treatment that kills or irreversibly inactivates microorganisms
(e.q., bacteria, viruses, and parasites); in water treatment, a chemical (commonly
chlorine, chloramine, or ozone) or physical process (e.q., ultraviolet radiation) can be
used.

“Disinfection By-Product” (DBP) means a chemical compound formed by the reaction
of a disinfectant (e.q. chlorine) with a precursor (e.q. natural organic matter, nitrogenous
waste from bathers) in a water system (pool, water supply).

“Drop Slide” See “Slide.”

“Dry Deck” See “Deck.”
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“Emergency Action Plan” (EAP) means a plan that identifies the objectives that need to
be met for a specific type of emergency, who will respond, what each person’s role will
be during the response and what equipment is required as part of the response.

“Enclosure” means an uninterrupted constructed feature or obstacle used to surround
and secure _an area that is intended to deter or effectively prevent unpermitted,
uncontrolled, and unfettered access. It is designed to resist climbing and to prevent
passage through it and under it. Enclosure can apply to aquatic facilities or aquatic
venues.

“EPA Reqistered” means all products regulated and registered under the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA) by the U.S. Environmental Protection
Agency (EPA; http.//www.epa.qgov/agriculture/lfra.html). EPA registered products will
have a registration number on the label (usually it will state “EPA Reg No.” followed by a
series of numbers). This registration number can be verified by using the EPA National
Pesticide Information Retrieval System (http.//ppis.ceris.purdue.edu/#).

“Equipment Room” means a space intended for the operation of pool pumps, filters,
heaters, and controllers. This space is not intended for the storage of hazardous pool
chemicals.

“Exit Gate” means an emergency exit, which is a gate or door allowing free exit at all
times.

“Fixture” See “Plumbing Fixture” and/or “Hygiene Fixture.”

“Flat Water” means an aquatic venue in which the water line is static except for
movement made by users. Diving spargers do not void the flat water definition.

“Flume” means the riding channels of a waterslide which accommodate riders using or
not using mats, tubes, rafts, and other transport vehicles as they slide along a path
lubricated by a water flow.

“Foot Bath” means standing water in which bathers or aquatics staff rinse their feet.

“Free Chlorine Residual” OR “Free Available Chlorine” See “Chlorine.”

“Ground-Fault Circuit Interrupter” (GFCI) means a device for protection of personnel
that de-enerqgizes an electrical circuit or portion thereof in the event of excessive ground
current.

“Hand Wash Station” means a location which has a hand wash sink, adjacent soap with
dispenser, hand drying device or paper towels and dispenser, and trash receptacle.

“Hot Water” means an aquatic venue with water temperature over 90 degrees
Fahrenheit (30 degrees Celsius).



http:http://ppis.ceris.purdue.edu
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“Hyaqgiene Facility” means a structure or part of a structure that contains toilet, shower,
diaper-changing unit, hand wash station, and dressing capabilities serving bathers and
patrons at an aquatic facility.

“Hygiene Fixtures” means all components necessary for hygiene facilities including
plumbing fixtures, diaper-changing stations, hand wash stations, trashcans, soap
dispensers, paper towel dispensers or hand dryers, and toilet paper dispensers.

“Hyperchlorination” means the intentional and specific raising of chlorine levels for a
prolonged period of time to inactivate pathogens following a fecal or vomit release in an
aquatic venue as outlined in MAHC 6.5.

“Imminent Health Hazard” means a significant threat or danger to health that is
considered to exist when there is evidence sufficient to show that a product, practice,
circumstance, or event creates a situation that requires immediate correction or cessation
of operation to prevent injury based on the number of potential injuries and the nature,
severity, and duration of the anticipated injury or iliness.

“Increased Risk Aquatic Venue” See “Aquatic Venue.”

“Indoor Aquatic Facility” means a physical place that contains one or more aquatic
venues and the surrounding bather and spectator/stadium seating areas within a structure
that meets the definition of “Building” per the 2012 International Building Code. It does
not include equipment, chemical storage, or bather hygiene rooms or any other rooms
with a direct opening to the aquatic facility. Otherwise known as a natatorium.

“Infinity Edge” means a pool wall structure and adjacent perimeter deck that is designed
in such a way where the top of the pool wall and adjacent deck are not visible from certain
vantage points in the pool or from the opposite side of the pool. Water from the pool flows
over the edge and is captured and treated for reuse through the normal pool filtration
system. They are often also referred to as “vanishing edges,” “neqgative edges,” or “zero

edges.”

“Inlet” means wall or floor fittings where treated water is returned to the pool.

“Interactive Water Play Aguatic Venue” means any indoor or outdoor installation that
includes sprayed, jetted or other water sources contacting bathers and not incorporating
standing or captured water as part of the bather activity area. These aquatic venues are
also known as splash pads, spray pads, wet decks. For the purposes of the MAHC, only
those designed to recirculate water and intended for public use and recreation shall be

requlated.

“Interior Space” means any substantially enclosed space having a roof and having a
wall or walls which might reduce the free flow of outdoor air. Ventilation openings, fans,
blowers, windows, doors, etc., shall not be construed as allowing free flow of outdoor air.
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“Island” means a structure inside a pool where the perimeter is completely surrounded
by the pool water and the top is above the surface of the pool.

“Landing Pool” See “Pool.”

“Lazy River” See “Aquatic Venue.”

“Lifequard Supervisor” means an individual responsible for the oversight of lifequard
performance and emergency response at an aquatic facility. A qualified lifeguard
supervisor is an individual who has successfully completed a lifeguard supervisor training
course and holds an unexpired certificate for such training; and who has met the prel’
service and continuing in-service requirements of the aquatic facility according to this
code.

“mg/L” means milligrams per liter and is the equivalent metric measure to parts per

million (ppm).

“Monitoring” is the reqular and purposeful observation and checking of systems or
facilities and recording of data, including system alerts, excursions from acceptable
ranges, and other facility issues. Monitoring includes human or electronic means.

“Moveable Floors” means a pool floor whose depth varies through the use of controls.

“No Diving Marker” means a sign with the words “No Diving” and the universal
international symbol for “No Diving” pictured as an image of a diver with a red circle with
a slash through it.

“Qocyst” means the thick-walled, environmentally resistant structure released in the
feces of infected animals that serves to transfer the infectious stages of sporozoan
parasites (e.q., Cryptosporidium) to new hosts.

“Oxidation” means the process of changing the chemical structure of water
contaminants by either increasing the number of oxygen atoms or reducing the number
of electrons of the contaminant or other chemical reaction, which allows the contaminant
to be more readily removed from the water or made more soluble in the water. It is the
“‘chemical cleaning” of pool water. Oxidation can be achieved by common disinfectants
(e.q., chlorine, bromine), secondary disinfection/sanitation systems (e.q. ozone) and
oxidizers (e.q. potassium monopersulfate).

“Oxidation Reduction Potential” (ORP) means a measure of the tendency for a solution
to either gain or lose electrons; higher (more positive) oxidation reduction potential
indicates a more oxidative solution.

“Patron” means a bather or other person or occupant at an aquatic facility who may or
may not have contact with aquatic venue water either through partial or total immersion.
Patrons may not have contact with aquatic venue water, but could still be exposed to
potential contamination from the aquatic facility air, surfaces, or aerosols.
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“Peninsula / Wing Wall” means a structural projection into a pool intended to provide
separation within the body of water.

“Perimeter Deck” See “Deck.”

“Perimeter Gutter System” means the alternative to skimmers as a method to remove
water from the pool’s surface for treatment. The gutter provides a level structure along
the pool perimeter versus intermittent skimmers.

“Plumbing Fixture” means a receptacle, fixture, or device that is connected to a water
supply system or discharges to a drainage system or both and may be used for the
distribution and use of water; for example: toilets, urinals, showers, and hose bibs. Such
receptacles, fixtures, or devices require a supply of water; or discharge liquid waste or
liguid-borne solid waste; or require a supply of water and discharge waste to a drainage

system.

“pH” means the negative log of the concentration of hydrogen ions. When water ionizes,
it produces hydrogen ions (H+) and hydroxide ions (OH-). If there is an excess of
hydrogen ions the water is acidic. If there is an excess of hydroxide ions the water is
basic. pH ranges from 0 to 14. Pure water has a pH of 7.0. If pH is higher than 7.0, the
water is said to be basic, or alkaline. If the water’s pH is lower than 7.0, the water is acidic.
As pH is raised, more hypochlorous acid ionization occurs and chlorine disinfectants
decrease in effectiveness. (CR 3)

“Pool” means a subset of aquatic venues designed to have standing water for total or
partial bather immersion. This does not include spas.

e “Activity Pool” means a water attraction designed primarily for play activity that
uses constructed features and devices including pad walks, flotation devices, and
similar attractions.

e “lLanding Pool” means an aquatic venue or designated section of an aquatic
venue located at the exit of one or more waterslide flumes. The body of water is
intended and designed to receive a bather emerging from the flume for the purpose
of terminating the slide action and providing a means of exit to a deck or walkway
area.

e “Skimmer Pool” means a pool using a skimmer system.

e “Surf Pool” means any pool designed to generate waves dedicated to the activity
of surfing on a surfboard or analogous surfing device commonly used in the ocean
and intended for sport as opposed to general play intent for wave pools.

e “Therapy Pool” means a pool used exclusively for aquatic therapy, physical
therapy, and/or rehabilitation to treat a diagnosed injury, illness, or medical
condition, wherein the therapy is provided under the direct supervision of a




2016 MAHC w/ Changes 3.0 Glossary ANNEX

35
licensed physical therapist, occupational therapist, or athletic trainer. This could

include wound patients or immunocompromised patients whose health could be
impacted if there is not additional water quality protection.

e “Wading Pool” means any pool used exclusively for wading and intended for use
by voung children where the depth does not exceed two feet (0.6 m).

e “Wave Pools” means any pool designed to simulate breaking or cyclic waves for
purposes of general play. A wave pool is not the same as a surf pool, which
generates waves dedicated to the activity of surfing on a surfboard or analogous
surfing device commonly used in the ocean and intended for sport as opposed to
general play intent for wave pools.

“Pool Deck” See “Deck.”

“Pool Slide” See “Slide.”

“Public Water Systems” means water systems including community water systems,
non-transient/non-community water systems, or transient non-community water systems
with exceptions as noted by AHJ and EPA.

“Purge” means to introduce a large volume of outdoor air to flush the interior space.

“Qualified Lifeguard” means an individual who has successfully completed an AHJ-
recognized lifeguard training course offered by an AHJ-recognized training agency, holds
a_current_certificate for such training, has met the pre-service requirements, and is
participating in continuing in-service training requirements of the aquatic facility.

“Qualified Operator” means an__individual responsible for the operation and
maintenance of the water and air quality systems and the associated infrastructure of the
aquatic facility and who has successfully completed an AHJ-recognized operator training
course to operate an aquatic facility offered by an AHJ-recognized training agency and
holds a current certificate for such training.

“Raceway” means an enclosed channel of metallic or nonmetallic materials designed
expressly for holding wires, cables, busbars or additional functions as permitted. (CR 1)

“Recessed Steps” means a way of ingress/egress for a pool similar to a ladder but the
individual treads are recessed into the pool wall.

“Recirculation System” means the combination of the main drain, qutter or skimmer,
inlets, piping, pumps, controls, surge tank or balance tank to provide pool water
recirculation to and from the pool and the treatment systems.

“Reduction Equivalent Dose (RED) bias” means a variable used in UV system
validation to account for differences in UV sensitivity between the UV system challenge
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microbe (e.q., MS2 virus) and the actual microbe to be inactivated (e.q.,
Cryptosporidium).

“Rinse Shower” See “Shower.”

“Safety” (as it relates to construction items) means a design standard intended to prevent
inadvertent or hazardous operation or use (i.e., a passive engineering strateqy).

“Safety Plan” means a written document that has procedures, requirements and/or
standards related to safety which the aquatic facility staff shall follow. These plans include
training, emergency response, and operations procedures.

“Safety Team” means any employee of the aquatic facility with job responsibilities
related to the aquatic facility’s emergency action plan.

“Sanitize” means reducing the level of microbes to that considered safe by public health
standards (usually 99.999%). This may be achieved through a variety of chemical or
physical means including chemical treatment, physical cleaning, or drying.

“Saturation Index” means a mathematical representation or scale representing the
ability of water to deposit calcium carbonate, or dissolve metal, concrete or grout.

“Secondary Disinfection Systems” means those disinfection processes or systems
installed in addition to the standard systems required on all aquatic venues, which are
required to be used for increased risk aquatic venues.

“Shower” means a device that sprays water on the body.

e “Cleansing Shower” means a shower located within a hygiene facility using warm
water_and soap. The purpose of these showers is to remove contaminants
including perianal fecal material, sweat, skin cells, personal care products, and dirt
before bathers enter the aquatic venue.

e "Rinse Shower” means a shower typically located in the pool deck area with
ambient temperature water. The main purpose is to remove dirt, sand, or organic
material prior to entering the aquatic venue to reduce the introduction of
contaminants and the formation of disinfection by-products.

“Skimmer” means a device installed in the pool wall whose purpose is to remove floating
debris and surface water to the filter. They shall include a weir to allow for the automatic
adjustment to small changes in water level, maintaining skimming of the surface water.

“Skimmer Pool” See “Pool.”

“Slide” means an aquatic feature where users slide down from an elevated height into
water.
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e “Drop Slide” means a slide that drops bathers into the water from a height above
the water versus delivering the bather to the water entry point.

e “Pool Slide” means a slide having a configuration as defined in The Code of
Federal Regulations (CFR) Ch. Il, Title 16 Part 1207 by CSPC, or is similar in
construction to a playground slide used to allow users to slide from an elevated
height to a pool. They shall include children’s (tot) slides and all other non- flume
slides that are mounted on the pool deck or within the basin of a public swimming

pool.

e “Waterslide” means a slide that runs into a landing pool or runout through a
fabricated channel with flowing water.

“Spa”’ See “Aquatic Venue.”

“Special Use Aquatic Venue” See “Aquatic Venue.”

“Standard” means something established by authority, custom, or general consent as a
model or example.

“Storage” means the condition of remaining in one space for one hour or more. Materials
in a closed pipe or tube awaiting transfer to another location shall not be considered to
be stored.

“Superchlorination” means the addition of large quantities of chlorine-based chemicals
to Kill algae, destroy odors, or improve the ability to maintain a disinfectant residual. This
process is different from hyperchlorination, which is a prescribed amount to achieve a
specific CT inactivation value whereas superchlorination is the raising of free chlorine
levels for water quality maintenance.

“Supplemental Treatment Systems” means those disinfection processes or systems
which are not required on an aquatic venue for health and safety reasons. They may be
used to enhance overall system performance and improve water quality.

“Surf Pool” See “Pool.”

“Theoretical Peak Occupancy” means the anticipated peak number of bathers in an
aquatic venue or the anticipated peak number of occupants of the decks of an aquatic
facility. This is the lower limit of peak occupancy to be used for design purposes for
determining services that support occupants. Theoretical peak occupancy is used to
determine the number of showers. For aquatic venues, the theoretical peak occupancy is
calculated around the type of water use or space:
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e “Flat Water” means an aquatic venue in which the water line is static except for

movement made by users usually as a horizontal use as in swimming. Diving
spargers do not void the flat water definition.

e “Agitated Water” means an aquatic venue with mechanical means (aquatic
features) to discharge, spray, or move the water's surface above and/or below the
static water line of the aquatic venue so people are standing or playing vertically.
Where there is no static water line, movement shall be considered above the deck

plane.

e “Hot Water” means an aquatic venue with a water temperature over 90°F (32°C).

e “Stadium Seating” means an area of high-occupancy seating provided above the
pool level for observation.

“Therapy Pool” See “Pool.”

“Toe Ledge” See “Underwater Ledge.”

“Trichloramine” means a disinfection by-product formed when chlorine binds to
nitrogenous waste in _pool water to form an amine-containing compound with three
chlorine_atoms (NCIs). It is a known acute respiratory and ocular irritant. It has low
solubility in water and is rapidly released into the air above pools where it can accumulate,
particularly in indoor settings.

“Trihalomethanes” (THM) means chemical compounds in which three of the four
hydrogen atoms of methane (CH,) are replaced by halogen atoms. Trihalomethanes are
environmental pollutants and many are considered carcinogenic.

"Turnover" or "Turnover Rate" or “Turnover Time” means the period of time, usually
expressed in hours, required to circulate a volume of water equal to the capacity of the
aquatic venue.

“Underwater Bench” means a submerged seat with or without hydrotherapy jets.

“Underwater Ledge” or “Underwater Toe Ledge” means a continuous step in the pool
wall that allows swimmers to rest by standing without treading water.

“UV Transmissivity” means the percentage measurement of ultraviolet light able to pass
through a solution.

“Wading Pool” See “Pool.”

“Waterslide” See “Slide.”

“Water Replenishment System” means a way to remove water from the pool as needed
and replace with make-up water in order to maintain water quality.
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“Water Quality Testing Device” (WQTD) means a product designed to measure the level
of a parameter in water. A WQTD includes a device or method to provide a visual
indication of a parameter level, and may include one or more reagents and accessory
items.

“Wave Pools” See “Pool.”

“Wing Wall / Peninsula” See “Peninsula / Wing Wall.”

3.3 Glossary of Codes, Standards, Laws Cited in the MAHC
Annex

Air Movement Control Association
e AMCA 201
American Concrete Institute Standards
e Reference 302.1 R-80, Guide for Concrete Floor and Slab Construction
American Heart Association
Emergency Cardiovascular Care Update (ECCU)
e Guidelines for CPR and ECC

e WWWw.citizencpr.org

American National Standards Institute

e ANSI/IEEE 241, Section 5.17.6.
o A137.1-2012

American National Standards Institute/Air Conditioning Contractors of America

Manual SPS 2010
Section 1-6
Section12-3
Section 4-4

American National Standards Institute / Association of Pool and Spa Professionals

e ANSI/APSP-1


http:www.citizencpr.org
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e ANSI/APSP-9

American National Standards Institute / International Safety Equipment
Association

e ANSI/ISEA Z308.1-2009: Workplace First Aid Basic Kit

American National Standards Institute / International Aquatic Foundation
e ANSI/IAF-9

American National Standards Institute/National Spa and Pool Institute
e ANSI/NSPI-1

American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE)

e ASHRAE 62: Ventilation for Acceptable Indoor Air Quality
o ASHRAE Handbook: HVAC Applications, 2011, Places of Assembly, Natatoriums
e Thermal and Water Vapor Transmission Data

American Society of Mechanical Engineers

e Bottom Drains/Main Drain System
e Boilers

American Society for Testing and Materials
e ASTM F2285-04: Consumer Performance Standards for Commercial Diaper-
Changing Stations

e ASTM F1346-91: Standard Performance Specification for Safety Covers and
Labeling Requirements for All Covers for Swimming Pools, Spas and Hot Tubs

Americans with Disabilities Act Accessibility Guidelines

e 2010 ADA Standards for Accessible Design

Canadian Pest Management Regulatory Agency
Canadian Standards Association

e 2.6-2006 Ga
o (C222
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Caring for Our Children: National Health and Safety Performance Standards:
Guidelines for Out-of-Home Child Care Programs

e Accessed at: http://nrckids.org

Chimney Safety Institute of America, Plainfield, IN
e Proper Venting of Gas Fueled Appliances, 2010
Clean Air Act
e Section 112(r)
Code of Federal Regulations

e 21 CFR Parts 201 and 310: Labeling and Effectiveness Testing; Sunscreen Drug
Products for Over-the-Counter Human Use

e 29 CFR 1910.304: Wiring Design and Protection

e 29 CFR 1910.1030: Bloodborne Pathogens (OSHA)

e 29 CFR Part X 1926.1053(b)(9) (OSHA)

Conference for Food Protection

e Food Protection Managers Certification Program Standards
e Section 7.7
e Section 7.5

Consumer Product Safety Commission

) National Electronic Injury Surveillance System (NEISS) Data

° Interpretations and Staff Guidelines for the Virginia Graeme Baker Pool and
Spa Safety Act

) Pool Slide Standards

Emergency Planning and Community Right-to-Know Act (EPCRA)

e Section 311
e Consolidated List of Chemicals
e http://emergencymanagement.wi.gov/EPCRA/forms/EPA List of Lists1.pdf

Environmental Protection Agency

e EPA 815-R-06-007: Ultraviolet Disinfectant Guidance Manual

European Standard


http://emergencymanagement.wi.gov/EPCRA/forms/EPA_List_of_Lists1.pdf
http:http://nrckids.org
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e EN 13451-11:2004

Federation Internationale de Natation Amateur

e Standards for Starting Blocks and Platforms

Food and Drug Administration
e Model Food Code for Kitchens
International Building Code

e “Open Building” definition
e Section 307

International Code Council (ICC)

e [CC 300
e ICCA117.1-2009

International Liaison Commission of Resuscitation (ILCOR)

e www.ilcor.org

International Mechanical Code
e Section 304.1
e Section 502
e Section 701
International Plumbing Code
e A Guide for Use and Adoption
International Swimming Pool and Spa Code
e Section 609.3.1
National Collegiate Athletic Association

Standards for

Starting Blocks and Platforms
Water Depth

Diving Boards

Touchpads



http:www.ilcor.org
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National Electrical Code

Article 100: Location, Wet

Article 110-26 : Minimum Clearances

Article 110.11: Deteriorating Agents

Article 225

Article 250-110(2)

Article 300.7: Raceways Exposed to Different Temperatures
Article 378.10: Non-Metallic Raceways

Article 500

Article 680

Article 680.22: General Circuitry Pool Pump Motors
Article 800

National Electrical Manufacturing Association

e Standard 250
e NEMA / ANSI Z535: Safety Alerting Standards

National Fire Protection Association

e NFPA 54: National Fuel Gas Code
o0 Section 8.1.2.
o Section 8.1.6
NFPA 70HBO08, Article 100, “Labeled”, Explanatory Note
NFPA 70HBO08, Art. 100, “Listed”, FPN
NFPA 400 Oxidizer Hazard Classifications and Storage
NFPA 5000: Building Construction and Safety Code
NFPA 704: Standard System for the Identification of the Hazards of Materials for
Emergency Response

National Federation of State High School Associations
Standards for

Lane Markings
Water Depth
Diving Envelope
Starting Platforms
Touchpads

National Oceanic and Atmospheric Administration
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e NOAA Technical Memorandum ERL PMEL-67, Eyeball Optics of Natural Waters:
Secchi Disk Science, Rudolph W. Preisendorfer, Pacific Marine Environmental
Laboratory,Seattle, WA, April 1986.
National Recreation and Park Association
e Aquatic Facility Operator Manual

National Sanitation Foundation

e NSF/ANSI Standard 50

e NSF/ANSI Standard 14

National Swimming Pool Foundation
e Certified Pool Operator Manual
Occupational Safety and Health Agency
e OSHA Fact Sheet: OSHA’s Bloodborne Pathogens Standard
Propane Council, Washington DC
e Instruction Sheet |V: Identifying and Correcting Burner Problems
Sheet Metal and Air Conditioning Contractors’ National Association
e SMACNA Duct Manual
Safety Data Sheets — Health Hazard Data & Spill Data

e Calcium Hypochlorite, Section 10 Stability and Reactivity Data and Section 7

Handling and Storage
e Hydrochloric Acid, Section 10 Stability and Reactivity Data

e Muriatic Acid, Section 10 Stability and Reactivity Data
e Sodium Hypochlorite, Section 10 Stability and Reactivity Data

Underwriters Laboratories
e Section 50
e Section 508
o UL 2075

U.S. Codes:

e California Assembly Bill
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e Florida

e New York
e Oregon

e Texas

e Wisconsin

US Army Corps of Engineers

e 2012 Air Leakage Test Protocol for Building Envelopes
e Accessed at: http://www.wbdg.org/pdfs/usace_airleakagetestprotocol.pdf

United States Environmental Protection Agency

e Oswer 90 008.1 Chemical Emergency Preparedness and Prevention Advisory
Swimming Pool Chemicals: Chlorine.
e Alternate Disinfection Manual

Virginia Graeme Baker Pool and Spa Safety Act

e Available at: http://poolsafely.gov/state-local-officials/pool-spa-safety-act/
requirements/

e Interpretation Guidance: http://poolsafely.gov/pool-spa-safety-act/interpretations! |
quidelines/



http://poolsafely.gov/pool-spa-safety-act/interpretations
http://poolsafely.gov/state-local-officials/pool-spa-safety-act
http://www.wbdg.org/pdfs/usace_airleakagetestprotocol.pdf
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4.0 Aaquatic Facility Design Standards and Construction

The MAHC has worked extensively with ICC and IAPMO to eliminate conflicts between
the three coDES. These discussions, along with NEHA participation, have resulted in
changes in the MAHC and plans to change items in the other CODES as they are brought
up for revision. The MAHC is committed to resolving these conflicts now and in the future
as these CODES evolve.

40.1.1 Particle Contamination Burden

40111 Filtration Flow Rate

The particle contamination burden determines the filtration flow rate for a given AQUATIC
FACILITY. It is not possible to predict the particle contamination burden for every individual
AQUATIC VENUE because the sources will likely vary significantly from one AQUATIC FACILITY
to another. However, it is important to understand the upper limit of particle contamination
to provide information for filtration designs. If the upper limit of the particle contamination
burden is known, then it should be possible for the designer to specify a filtration system
that can handle the maximum particle burden and ensure that water turbidity does not
increase above an allowable or desirable level. Essentially, the RECIRCULATION SYSTEM
needs to be designed to remove particles at least at the same rate at which they are being
added by the environment (e.g., windblown and settling dust), BATHERS (e.g., personal
care products, body excretions), and other sources.

4.0.1.1.2 Determining Maximum Rate of Particle Contamination

The best means for determining this maximum rate of particle contamination is through
direct measurement at operating facilities to ensure the data are indicative of normal
activity. The rate of contamination (n, particles/time/gallon) is likely to vary by AQUATIC
VENUE location, BATHER COUNTS, BATHER age, time of year, time of day, weather, and
proximity to urban and desert environments.

40.1.1.3 Data Search

An extensive literature search turned up no relevant data defining the particulate
contamination burden in AQUATIC FACILITIES. It is recommended that a model be developed
that describes particle addition and subsequent removal by the filtration system. This
would include developing a correlation between particle size and turbidity or clarity index;
this correlation is needed from a practical point of view since regulations are likely to be
developed based on turbidity or clarity. These data could then be used for making
concrete, data-based decisions on removal rate requirements and help with defining the
required filtration and circulation capacities.

4.0.1.2 Disinfectant Demand

Disinfectant consumption can occur by the reaction of the disinfectant with BATHERS,
BATHER waste, and other environmentally-introduced CONTAMINANTS, as well as simple
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decomposition of the active halides (i.e., HOCI or HOBFr) into inactive halide ions (chloride
or bromide). Disinfectant decomposition rates will also vary depending on a variety of
factors including pH, water temperature, UV light, and BATHER COUNT. Data on disinfectant
demand are generally lacking in the literature on all EPA-registered disinfectants. There
are some data available for CHLORINE disinfectant demand, but there are very few for
bromine, PHMB, and metal systems.

4.0.1.3 Chlorine Disinfectant Demand

4.0.1.3.1 Contribution of Bather Count

Several studies have investigated the BATHER COUNT’S contribution to CHLORINE demand
in AQUATIC VENUE water; however, there is a lack of consistency in how BATHER COUNT was
measured. Some studies report data as CHLORINE demand, others as potassium
permanganate demand, dissolved organic carbon, or total organic carbon. 2728 29,30

4.0.1.3.2 Varies in Magnitude

The available data for CHLORINE disinfectant demand indicates that the CHLORINE demand
from BATHERS can vary by over an order of magnitude, with the largest value measured
being 10 g Cl2/BATHER (or 2.2 Ib/100 BATHERS).>'

4.0.1.3.3 Simple Decomposition of Chlorine

There are few published data on the CHLORINE demand that occurs in AQUATIC VENUES
due to the simple decomposition of CHLORINE. It is well known that CHLORINE is not stable
at high temperatures and in the presence of UV. Both of these factors will reduce active
CHLORINE to inactive chloride, without any BATHER waste being present.

4.0.1.3.4 Rate of Chlorine Loss

The rate of CHLORINE loss (pounds of CHLORINE per hour) due to UV degradation will
depend on a number of factors, including the size of the AQUATIC VENUE, the depth of the
water and the intensity of the sunshine. It will also depend on the concentration of CYA
present, since CYA can help prevent the decomposition of CHLORINE by UV. Given the
number of variables, it is difficult to predict CHLORINE decomposition rates in specific
AQUATIC VENUES.

4.0.1.3.5 Reducing Chlorine Loss

The rate of CHLORINE loss can be reduced by the use of other OXIDIZERS, including
potassium monopersulfate and ozone, or UV, which can destroy CONTAMINANTS which
would otherwise react with CHLORINE. Additional research on the contributing factors to
disinfectant demand (i.e. nitrogenous waste) may be warranted in the future as treatment

27 Judd SJ, et al. Disinfection by-product formation in swimming pool waters: a simple mass balance. Water
Research (2000); 34(5):1611-1619.

28 Judd SJ, et al. The fate of chlorine and organic materials in swimming pools, Chemosphere (2003); 51:869-879.
29 Keuten MG, et al. Keuten-MGA—etal Definition and quantification of initial anthropogenic pollutant release in
swimming pools. Water Res. 2012 Jul;46(11):3682-92. Water Res—2012:46:3682-3692-

30 Seux R. The development of pollution caused by swimmers in swimming pool water in relation to the effect of free
chlorine. Translation from J Francais d'Hydrologie (1988);19(2):151-168.

31 Seux R. The development of pollution caused by swimmers in swimming pool water in relation to the

effect of free chlorine. Translation from J Francais d'Hydrologie (1988);19(2):151-168.
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methods are developed to reduce or eliminate them by means other than OXIDATION. It is
anticipated that this research would identify the introduction rate of the CONTAMINANT,
resulting concentrations, and the effect that reduction or elimination of this CONTAMINANT
would have on disinfectant demand or other ancillary benefits (i.e. reduction of combined
CHLORINES).

4.0.1.3.6 Chemical Feed Pump Sizing

Further data collection on CHLORINE usage in real world AQUATIC VENUE situations under
different environmental and operational conditions could be used to develop an effective
rate law from which the sizing of chemical feed pumps could then be calculated.3? 33 The
criteria for specifying a chemical feed pump for an AQUATIC VENUE are based on its ability
to feed against the process piping pressure and to provide sufficient feed rate to maintain
a disinfectant residual in the water. Several states require chemical feed pumps for
CHLORINE to be capable of providing up to 10 ppm of CHLORINE in the pipe returning water
from the RECIRCULATION SYSTEM back to the pooL. Once actual CHLORINE usage is
obtained, a surplus SAFETY factor could be introduced to slightly oversize the feed pump
to ensure that the disinfectant dosing amount can be increased to meet increases in
demand. Any such sizing requirements need to specify the timeframe within which the
pump must be able to satisfy the CHLORINE dosing required.

4.0.1.4 Disinfection By-Product Issues

40.1.4.1 Chlorination of Water

Chlorination, using CHLORINE as the disinfectant, is the most common procedure for
AQUATIC VENUE water DISINFECTION and inactivation of waterborne microbial pathogens.
BATHER activity and environmentally-introduced material provides a broad range of
precursors with which disinfectants can react (e.g., perspiration, urine, mucus, skin
particles, hair, body lotions, fecal material, soil, etc.). When CHLORINE reacts with these
precursors, a variety of chemical reactions take place, including the formation of
DBPs34,35,3637.38 DBPs may also be introduced into the AQUATIC VENUE via the water used
to fill the AQUATIC VENUE depending on the supply water quality. Municipal fill water can

32 March JG, et al. A kinetic model for chlorine consumption in grey water. Desalination (2005); 181:267-273.

33 Haas CN, et al. Kinetics of wastewater chlorine demand exertion. J Water Pollution Control Federation.
1984;56:170-3.

34 Teo TL, et al. Chemical contammants in SW|mm|nq pools: Occurrence |mpI|cat|ons and control EnV|ron Int. 2015

35 Chowdhurv S, etal. Dlsmfectlon bvproducts in SW|mm|nq pool: occurrences, |mpI|cat|ons and future needs. Water
Res. 2014Apr155368109 K W y y

36 Richardson SDZwier}eFG et al. What' sDreweing in the pool? A comprehensive identification of disinfection by!|
products and assessment of mutagenicity of chlorinated and brommatedbypreduets#assessmg SW|mm|ng pool water.
Environmental Health Perspectives. 2010 Nov;118(11):1523-30 :

37 LaKind JS, et al. The good, the bad, and the volatile: can we have both healthy pools and healthy people? EnV|ron

SC| Technol 2010 44(9) 3205 10 —EQA—DHHJQHQ—Water—Gemanmnanfes—Avaiable—ai—

38 ZW|ener C, et aI Drownlnq in dlsmfectlon bvproducts’7 Assessmq SW|mm|nq pool water. Environ. SCI Technol
2007 Jan 15 41(2) 363 72 = W J
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also include chloramines as some municipal systems switch from chlorination to
chloramination to meet EPA DBP requirements.3° CHLORINE gas, if used, is also
extremely toxic.40:41:42

4.0.1.4.2 Types of Disinfection By-Products

DBPs can be organic*3:44 [e.g., THMSs, chlorinated phenols, haloketones, haloacetic
acids, and haloacetonitriles (HANs)] or inorganic:*>4647 (e.g. chloramines and cyanogen
chloride). The major by-products of DISINFECTION using HOBr and HOCI are bromoform
(CHBr3) and chloroform (CHCI3), respectively. Chloroform and bromoform are highly
volatile compounds that can be inhaled in AQUATIC VENUE environments and also readily
absorbed through the skin.#8:49:50

4.0.1.4.3 Classes of Organic DBPs
Some classes of organic DBPs® are:

e THMs (total THM is the sum of the concentrations of chloroform, bromoform,
bromodichloromethane, and dibromochloromethane);

e Chlorinated phenols (2-chloro-, 2,4-dichloro- and 2,4,6-trichlorophenol),
haloketones (1, 7-dichloropropanone, 1,1,1-trichloropropanone);

e Haloketones ( bromopropanone, 1,1-dichloropropanone, 1,1,10]
trichloropropanone, etc.);

e Haloacetic acids (Total haloacetic acids include the sum of the concentrations of
mono-, di-, and trichloroacetic acids and mono- and dibromoacetic acids);

e Haloacetonitriles (HANs) include (dichloro-, trichloro-, dibromo- and
bromochloroacetonitrile), chloropicrin, chloral hydrate, 3-chloro-411
(dichloromethyl)-5-hydroxy-2(5H)-furanone, etc.; and

39 EPA. Drinking Water Contaminants. Available at: http://water.epa.gov/drink/contaminants/index.cfm. Accessed on
April 14, 2016.:-03/23/2014-

40 ATSDR. Toxicological Profile for Chlorine. (2040)-Available at: http://www.atsdr.cdc.gov/toxfags/tfacts172.pdf.
Accessed on_April 14, 2016:-03/23/2044.

41 Decker WJ, et al. Chlorine poisoning at the swimming pool: an overlooked hazard. Clinical Toxicology (1978);
13(3): 377-381.

42 Drobnic F, et al. Assessment of chlorine exposure in swimmers during training. Medicine and Science in Sports
and Exercise (1996); 28(2): 271-274.

43 Richardson SD, et al. What's in the pool? A comprehensive identification of disinfection by-products and
assessment of mutagenicity of chlorinated and brominated swimming pool water. Environmental Health Perspectives.
2010 Nov;118(11):1523-30.

44 Weng AS, et al. Effects of UV254 irradiation on residual chlorine and DBPs in chlorination of model organic-N
precursors in swimming pools. Water Res. 2012;46:2674-268.

45 Erdinger L, et al. Chlorate as an inorganic disinfection by--product in swimming pools. Zentralbl Hyg Umweltmed
(1999); 202: 61-75.

46 Beech JA, et al. Nitrates, chlorates and trihalomethanes in swimming pool water. American Journal of Public
Health (1980); 70(1): 79-82.

47 Robson HL. Chloramines and bromamines; Encyclopedia of Chemical Technology, Kirk-Othmer, 4d ed,
Interscience, New York.

48 Aggazzotti G, et al. Blood and breath analyses as biological indicators of exposure to trihalomethanes in indoor
swimming pools. Science of the Total Environment (1998);-217:-155-163.

49 Erdinger L, et al. Haloforms in spas. Zentralbl Hyg Umweltmed (1997);200: 309-317.

50 Hanna JG, et al. Determination of chloroform and bromoform. Anal Chemistry(1950);22(4):569-570.

51 Erdinger L, et al. Chlorate as an inorganic disinfection by--product in swimming pools. Zentralbl Hyg Umweltmed
(1999); 202: 61-75.
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e Organic chloramines.

4.0.1.4.4 Trihalomethane Concentration in Drinking Water

According to European Union regulations, the concentration of THMs in drinking water
should not exceed one hundred micrograms per liter (100 ug/L) of water for
consumption®?; while in the United States the US-EPA has established a legal maximum
of 80 pg/L®. The DIN 19643 Swimming Pool Standard specifies a STANDARD maximum
of 20 pg/L.%

4.0.1.45 Inorganic DBPs
Inorganic DBPs include chloramines and cyanogen chloride. Inorganic chloramines
include monochloramine (NH:CI), DICHLORAMINE (NHCI;) and TRICHLORAMINE (NCI3) and
are generated from the reaction of hypochlorite with ammonia and amino-compounds that
originate from sweat and urine of the swimmers. TRICHLORAMINE is relatively volatile and
partitions easily from water into air.%®

4.0.1.4.6 Factors that Determine DBP Levels

The conditions that determine production and air levels of DBPs have been suggested to
depend on several factors:

Number of swimmers in the AQUATIC VENUE and their associated hygiene;
CHLORINE concentration;

Water temperature;

Concentration of organic precursors in the AQUATIC VENUE water;
Chemical structure of the organic precursors;

Bromide content;

Indoor air circulation;

The extent of out-gassing of volatile DBPs;

pH;

Level of water agitation (undisturbed vs. being sprayed); and
Concentration of inorganic chloramine from the fill water.

Further research is needed to determine how much DBPs are being created in AQUATIC
VENUE water, including the production and retention rate.

4.0.1.4.7 Health Effects

52 Council Directive 98/83/EC on the Quality of Water Intended for Human Consumption, 1998 O.J. L 330/32.

53 EPA. Drinking Water Contaminants. Available at: http://water.epa.gov/drink/contaminants/index.cfm. Accessed on
April 14, 2016.:-03/23/2014-

54 German Standard DIN 19643, 2012. Treatment of Water of Swimming-Pools and Baths. =Deutsches Institut Fur
Normung E.V. (German National Standard).

55 Holzwarth G, et al. The fate of chlorine and chloramines in cooling towers. Water Res. 1984;18:1421-1427.
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Outbreaks of ocularirdeer-Air-Quality and respiratory distress associated with indoor air
quality have been documented.®6.57.58,59.60.61,62 Nymerous_studiesRespiratory Hiness
Studies have examined the link between air quality in INDOOR AQUATIC FACILITIES and
ocular, dermal, and respiratory health effects, including asthma, with mixed results —H
there-is—poor—ventilation-in swimmers, occupational categories such as lifequards, and
elite swimmers who practice regularlythe-building-erAQUATCVENUE-area-itcould-be-the
cause-of-negative-health-effects for extended times.53:64.656667,68,69.70,71,72,73g ATHERS and

PATRONS-from-inhalation-expesure-to-the—chloramines™*57%. To date, however, several
analyses of the data findresearch—resulis—on the link to asthma is_are-—mixed—and

56 CDC. Ocular and respiratory illness associated with an indoor swimming pool--Nebraska, 2006. MMWR Morb
Mortal Wkly Rep. 2007 Sep 14:56(36):929-32.

57 CDC. Respiratory and ocular symptoms among employees of a hotel indoor waterpark resort—Ohio, 2007.
MMWR Morb Mortal WKkly Rep 2009;58:81-5.

58 Bowen AB, et al. Outbreaks of short-incubation ocular and respiratory iliness following exposure to indoor
swimming pools. Environmental Health Perspectives (2007); 115(2): 267-271.

59 Kaydos-Daniels SC, et al. Health effects associated with indoor swimming pools: a suspected toxic chloramine
exposure. Public Health. 2008 Feb;122(2):195-200.

60 Seys SF, et al. An outbreak of swimming-pool related respiratory symptoms: An elusive source of trichloramine in
a municipal indoor swimming pool. Int J Hyg Environ Health. 2015 Jun;218(4):386-91.

61 Dang B, et al. Ocular and respiratory symptoms among lifequards at a hotel indoor waterpark resort. J Occup
Environ Med. 2010;52(2):207-13.

62 Hlavsa MC, et al. Outbreaks of iliness associated with recreational water — United States, 2011-2012. MMWR
Morb Mortal Wkly Rep. 2015;64(24):668-672.

63 Williams A, et al. Increased concentration of chlorine in swimming pool water causes exercise-induced
bronchoconstriction (EIB). Medicine and Science in Sports and Exercise (2004); 36(5) Supplement abstract 2046.
64 Nemery B, et al. Indoor swimming pools, water chlorination, and respiratory health. Eur. Respir. J. (2002); 19: 790!
793.

65 Nordberg GF, et al. Lung function in volunteers before and after exposure to trichloramine in indoor pool
environments and asthma in a cohort of pool workers. BMJ Open. 2012 Oct 8;2(5).

66 Lagerkvist BJ, et al. Pulmonary epithelial integrity in children: relationship to ambient ozone exposure and
swimming pool attendance. Environ Health Perspect (2004);112:1768-1771.

67 Bernard A, et al. Lung hyperpermeability and asthma prevalence in schoolchildren: unexpected associations with
the attendance at indoor chlorinated swimming pools. Occupational and Environmental Medicine (2003); 60: 385-394.
68 Thickett KM, et al. Occupational asthma caused by chloramines in indoor swimming-pool air. Eur. Respir. J.
(2002)19: 827-832.

69 Mustchin CP, et al. Coughing water: bronchial hyper-reactivity induced by swimming in a chlorinated pool. Thorax
(1979); 34(5): 682-683.

70 Rosenman KD, et al. Swimming facilities and work-related asthma. J Asthma. 2015 Feb;52(1):52-8.

71 Font-Ribera L, et al. Indoor swimming pool attendance and respiratory and dermal health in schoolchildren-[]
HITEA Catalonia. Respir Med. 2014 Jul;108(7):1056-9.

72 Andersson M, et al. Swimming pool attendance is related to asthma among atopic school children: a population-
based study. Environ Health. 2015 Apr 15;14:37.

73 Font-Ribera L, et al. Swimming pool attendance, asthma, allergies, and lung function in the Avon Longitudinal

Studv of Parents and Chlldren cohort Am J Resplr Crlt Care Med (2011 Mar 1) 183(5) 582 8
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inconclusive.’””-787980_ The one prospective study available®' suggests swimming does
not increase the risk of asthma. To the contrary, the study found swimming increased
lung function and reduced the risk of asthma symptoms at age-seven_years of age. The
health benefits associated with swimming include improvement of asthma symptoms and
cardiovascular fitness. Pediatricians have long recommended swimming for asthmatic
children because of its lower asthmogenicity compared withte other forms of exercise.
The Belgian Superior Health Council®? reviewed the available science related to AQUATIC
VENUE swimming and the development of childhood asthma. The Council, in its 2011
report No. 8748 (and reiterated in its 2012 report) concludes swimming remains highly
advisable, even in the case of asthma. According to the Council, “For this target group,
the advantages of swimming under good hygienic conditions in monitored AQUATIC
VENUES outweigh the risk of toxicity linked to CHLORINE and its by-products.” 8384:8586:87

Also see Annex 4.6.2.1

4.0.1.4.8 Benefits Outweigh Risks

Despite the health risks of DBPs in general, the concentration of organic DBPs found in
AQUATIC VENUES is generally low. Therefore, although research results have shown that
DBPs do form in detectable concentrations in most AQUATIC VENUES®889%0 and levels of

smence and research recommendatlons EnV|ron Health Perspect (2009); 117: 500- 507—water—ehleﬂﬂatlen—anel

79 Villanueva CM et al Overwew ofdlsmfectlon bv products and associated health effects. Curr Enwron Health Rep
2015Mar2(1)10715 A y 2

80 LaKind JS, et aI The qood the bad and the volatlle can we have both healthy pools and healthy people'? Environ
SC| Technol 2010; 44(9) 3205- 10 d :

81 Font-Rlbera L, etal. SW|mm|ng pool attendance, asthma allergles and lung function i |n the Avon Longltudlnal
Study of Parents and Children cohort. Am J Respir Crit Care Med. (2011 Mar 1);183(5):582-8. doi:

82 Belgian Superior Health Council. Publication no. 8748: The issue of chlorine in swimming pools: Risk attendant
on baby SW|mm|ng and reflectlons on the dlfferent methods used to dlsmfect SW|mm|ng pools.

88 Kim H, et al. Fc;rmatien of disihfection by-products in chlorinated swimming pool water. Chemosphere (2002);
46:123-130.

89 Bessonneau V, et al. Determinants of chlorination by-products in indoor swimming pools. Int Hyg Environ Health.
2011;215:76-85.

90 Weng S, et al. DBP dynamics in a chlorinated, indoor swimming pool under conditions of heavy use: National
swimming competition. Water Res. 2011;45(16):5241-5248.
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exposure can be measured®!%, it appears that the benefits of DISINFECTION far outweigh
the risks posed by its by-products.®® The World Health Organization, states that “the risks
from exposure to chlorination by-products in reasonably well-managed AQUATIC VENUES
would be considered to be small and must be set against the benefits of aerobic exercise
and the risks of infectious disease in the absence of DISINFECTION.”®* Improved water
quality management is recommended to minimize formation and accumulation of these
compounds.

4.0.1.4.9 Urea Concentrations in Pool Water

A major CONTAMINANT in AQUATIC VENUE water is urea. Urea is chiefly derived from
swimmers urinating in AQUATIC VENUE water, but is also present in swimmer’s sweat. It
has been shown that urea reacts with HOCI to produce TRICHLORAMINE. However, while
breakpoint destruction of ammonia is very fast, reaction of HOCI with urea is very slow.
Therefore, urea is difficult to remove quickly by shocking the AQUATIC VENUE water. There
are no guidelines in the U.S. for MONITORING the urea concentration in AQUATIC VENUE
water or suggested levels of concern. Input of urea is most effectively minimized by
changes in swimmers’ behavior and hygiene. 959 97.98,99

4.1 Plan Submittal

4.1.2.1 Basis of Design Report

41211 Names / Addresses

AQUATIC FACILITY plans should include a map indicating the exact location of the AQUATIC
FACILITY with street address and geographic location information including the GPS
coordinates.

91 Cammann K, et al. Trihalomethane concentrations in swimmers' and bath attendants' blood and urine after
swimming or working in indoor swimming pools. Archives of Environmental Health (1995); 50(1): 61-65.

92 Lindstrom AB, et al. Alveolar breath sampling and analysis to assess trihalomethane exposures during competitive
swimming training. Environmental Health Perspectives (1997); 105(6):636-642.

93 WHO (2000). Environmental Health Criteria 216 (including corrigenda from 11/30/2004). Available at
http://whglibdoc.who.int/ehc/WHO EHC 216.pdf. Accessed on April 14,

2016hitp: i : - pdf.

94 WHO. Guidelines for Safe Recreational Water Environments: Vol. 2- Swimming Pools and Similar Environments.
2006. WHO Press, Geneva, Switzerland. Available at

http://www.who.int/water_sanitation _health/bathing/bathing2/en/. Accessed on April 14, 2016.-WHO{(2006)-

enpviroRments-

95 Blatchley E, et al. Reaction mechanism for chlorination of urea. Environ Sci Technol. 2010 Nov 15;44(22):8529(]
34. dei+16- . :

96_De Laat J, et al. “Concentration levels of urea in swimming pool water and reactivity of chlorine with urea.Z; Water
Res.Researeh; 2011;; 45(3) 1139-461146.

97 Schmalz C, et al. “Trichloramine in swimming pools — Formation and mass transfer.”; Water Res.Researeh; 2011;;
45(8):)}-2681-902690.

98 Fuchs J. Chlorination of pool water: urea degradation rate. Chemiker Ztg. -Chem. Apparatur (1962);86(3): 76-82.
99 Gunkel K, et al. The urea problem in swimming pools. Z. gesamte Hyg. (1988); 34(4):248-50.
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4.1.2.3 Technical Specifications

41231 Accompanying Drawings

Appurtenances include diving platforms, diving boards, WATERSLIDES, and other AQUATIC
FEATURES.

4.1.2.3.2 Technical Details

Detailed specifications including POOL water temperatures, space design, dry bulb and
dew point temperatures, and relative humidity are required to ensure that there is no
misunderstanding, ambiguity, or omission between the design professional,
owner/operator, and the AHJ reviewer.

4.1.2.3.2.1 Intended Use

The owner/operator and design professionals (engineer and architect) need to coordinate
intended use, type of AQUATIC VENUE (FLAT WATER, AGITATED WATER, HOT WATER) and
intended typical operating water temperature. This is critical towards ensuring
owner/operator expectations are fully met. It also helps ensure the HVAC system and
building envelope are designed for intended use.

4.1.2.35 Theoretical Peak Occupancy

Design professionals need to consider the THEORETICAL PEAK OCCUPANCY of an AQUATIC
FACILITY as part of the design process. This requires calculation and integration of peak
occupancy numbers for the water as well as the surrounding DECK and seating areas. The
rationale for the THEORETICAL PEAK OCCUPANCY density factor numbers for specific AQUATIC
VENUE types is as follows:

1. FLAT WATER

a. These AQUATIC VENUES generally are for swimming.

b. The density factor was established at 20 ft?> per person. This represents an
average horizontal BATHER occupying a five foot (1.5 m) by four foot (1.2 m)
area.

c. Assuming a BATHER is swimming horizontally; a full body length is an
average five foot (1.5 m) with a five foot span to equal 25 ft? (2.3 m?). There
was a need to account for higher densities in shallow areas where BATHERS
wade vertically versus swim horizontally. The middle ground decided was
20 ft2 (1.9 m?).

2. AGITATED WATER

a. These AQUATIC VENUES generally are for wading, splashing, and enjoyment
of features without swimming.

b. The density factor was established at 15 ft?> (1.4 m?) per BATHER. This
represents an average vertical BATHER occupying a five foot (1.5 m) by three
foot (91 cm) area. This also complies with the lllinois State Pool Code.

3. HOT WATER

a. These AQUATIC VENUES generally are for lounging such as hot tubs, warming

POOLS, etc.
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b. The density factor was established at 10 ft> (0.9 m?) per BATHER. This
represents an average user sitting in a three foot (97 cm) by three foot
(91cm) area.

4. DEcK and Spectator Areas

a. For DECKS at leisure POOLS, one can assume a density factor of 50 ft? (4.6
m?) per BATHER of DECK space based on lllinois State Pool Code. When
adding seating and tables, which separate groups, the square footage
allows for a reduced density.

b. For spectator areas, the MAHC Committee chose a density factor of 6.6 ft?
(0.6 m?) per PATRON for STADIUM SEATING from ASHRAE 62.1. This seating
is generally well above the water level.

The density factors in MAHC 4.1.2.3.5.3 may be modified for higher BATHER or PATRON
density, but they shall not be modified to be lower than the density factors listed. The
designer/engineer of the AQUATIC FACILITY or AQUATIC VENUE can document the intended
use is different. For example, a swimming POOL that is normally a FLAT WATER venue has
a density factor of 20 ft> (1.9 m?) per BATHER. However, when designing a FLAT WATER
WADING POOL with more vertical use than horizontal swimming, the PooL would have a
higher density of BATHERS so the density factor could be modified to 15 ft? (1.4 m?) per
BATHER.

Example: Sec 4.1.2.3.5.3 assigns the letter D to represent the BATHER “density
factor”. The D number is listed in terms of square feet of POOL water surface per
BATHER. This means that a numerically lower D results in a numerically higher
number of BATHERS. When designing an AQUATIC FACILITY, if the expected use will
be more BATHERS per square foot than what is listed, then it can be modified to
reflect that (i.e., if the expected BATHER density for FLAT WATER is 1/10 ft? instead
of 1/20 ft2, one can use 1/10 ft2 BUT they can’t use 1/30 ft? for FLAT WATER).

The construction of public AQUATIC FACILITIES should not be undertaken without a thorough
review and approval of the proposed construction plans by the AHJ. Construction costs
for AQUATIC FACILITIES can be in the millions of dollars and very costly mistakes in design
and equipment choices can occur if plans are not reviewed before construction. These
mistakes could result in both public health hazards and additional remodeling costs.

Most of the states require that plans be submitted for review and approval by the
regulatory authority before a public AQUATIC FACILITY can be constructed. Although there
is considerable variation in the amount of information and detail required on the plans,
most of the jurisdictions require at least a plot plan with sufficient detail to allow for a
reasonable review of the proposed project.

The licensed professional engineer or architect should have at least one year of previous
experience with public AQUATIC FACILITY design. Most states will allow any professional
engineer or architect to design an AQUATIC FACILITY. However, since AQUATIC DESIGN
technology is sufficiently complex, specific prior experience in AQUATIC FACILITY
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construction and design is strongly recommended. A minimum of one year of previous
experience in AQUATIC FACILITY design and construction is recommended.

Any final approval of plans by the AHJ should be dependent on approval by all other
appropriate agencies.

For example, the assumption of responsibility for reviewing plans for structural SAFETY
and ensuring the AQUATIC FACILITY is designed to withstand anticipated loading, not only
the pooL shell, but also in cases where the POOL may be located on an upper floor of a
building or a rooftop is generally that of the local building department. If there is no local
building cCODE department or requirements, the design engineer or architect must assume
responsibility. This may include requiring the architect or engineer to certify the structural
stability of the pooL shell during full and empty conditions.

4.1.3.3 Replacements
Most jurisdictions allow for replacements in-kind.

4144 Systems Commissioning

“‘Commissioning” or “testing of BATHER SAFETY” means completing a test, evaluation, or
demonstration that confirms that the AQUATIC FACILITY, AQUATIC VENUES, AQUATIC VENUE
FEATURES, or other equipment in question does not compromise the SAFETY of the
PATRONS.

4.2 Materials

Aquatic VenuesPools

4.2.1.6 Design Parameters

There are multiple forms of acceptable finishes available including but not limited to: paint,
marcite plaster finish, quartz plaster finish, aggregate plaster finish, vinyl or PVC liner /
paneling systems, stainless steel, tile, etc. Each system shall have advantages and
disadvantages associated with cost, durability, clean-ability, etc. These advantages and
disadvantages are also subject to installation design issues (e.g. indoors/outdoors,
above/below water level, environmental effects, freezing or temperature exposures, eftc.).

4.2.1.78 Smooth Finish

SKIMMER POOLS require a six inch (152 mm) to 12 inch (305 mm) high finish due to the
varying height of water associated with in-POOL surge capacity of SKIMMER POOL systems.
Gutter or POSs require a minimum finish height of two inches (57 mm). If dark colors are
utilized for the PooL finish, the PooL finish should not exceed a maximum height of 12
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inches (305 mm) for contrasting purposes. Typical finishes include: tile, stainless steel,
vinyl, fiberglass, etc.

4 2.1. 89 Sllp ReS|stant

epbetter—fer—bethwet_anelreryeendmens—Water three feet (O 9 m) and Iess is conS|dered

shallow water and the majority of BATHERS are capable of walking on the POOL bottom at
these depths, so a slip-resistant surface is required. At depths greater than three feet (0.9
m), most BATHERS are sufficiently buoyant making the coefficient of friction for the PooL
floor surface less |mportant Slip reS|stant surfaces shaII meet or exceed the minimum

coefficient of friction

eerren#y—ASIM—standard—&Q@&rsendeHewsren—}as set forth by the foIIowmg groups

e Americans with Disabilities Act (ADA) designated STANDARD
e Occupational Safety and Health Administration (OSHA)

4222 Condensation Prevention

Special care should be used in the construction of air-pressure-supported buildings to
prevent the movement of moisture into building surfaces, conduits, etc.

42221 Cold Weather

Paints suitable for use as vapor retarders usually have high solids, and must be carefully
applied to achieve a rating of 0.4 perm for one coat. It is important to get very good
coverage without gaps or thin spots. The paint supplier or manufacturer should be
consulted for ratings and BEST PRACTICES.

42222 Paint or Coating

One U.S. perm equals 1.0 grain of moisture per square foot per hour per inch-of-mercury
differential pressure. One U.S. perm equals 57 Sl perm.

4.2.2.3 Mechanical Systems

4.2.2.3.3 Indoor Aquatic Facility Air Pressure

Air-pressure-supported INDOOR AQUATIC FACILITIES may require pressurization of adjoining
or connected spaces.

42234 Air Ducts

Refer to the 2011 ASHRAE Applications Handbook on Natatorium Design for
recommendations.
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4224 Indoor Aquatic Facility Doors
Where exterior doors of an INDOOR AQUATIC FACILITY may be exposed to temperatures
below the freezing temperature of water, the frames should be constructed to minimize
the risk of the door freezing closed. The issue here is one of emergency exit. There is a
large amount of water vapor available to freeze into the gap between doors, etc., that can
inhibit emergency exiting.

Exception: Other doors should be acceptable, subject to approval by the AHJ, where
heating systems are so arranged as to maintain such doors at least 5°F (-15°C) above
the freezing temperature of water.

4.2.2.5 Indoor Aquatic Facility Windows
Windows are usually maintained above -air dew point to prevent condensation and mold
growth by heated supply air flowing over them. Heavy window frames on the interior side
interfere with the proper flow of this heated air by the Coanda effect (a corollary of
Bernoulli’'s principle). There are many ways to mechanically address window
condensation issues. Air supply can be dumped on glazing from both above and below.
Fin tube heaters have also been effectively employed along sills in many instances.

e Also see: ASHRAE Handbook of Fundamentals'®®

4.3 Equipment Standards

4.3.1.1 Accredited Standards
Acceptable STANDARDS for common RECIRCULATION SYSTEM components are listed below:

INLETS — NSF/ANSI

Overflow System/Gutters — NSF/ANSI
SKIMMERS — NSF/ANSI

Valves — NSF/ANSI

Piping and Face Piping — NSF/ANSI
Fittings — NSF/ANSI

Strainers — NSF/ANSI

Gauges — NSF/ANSI

Flow Meters — NSF/ANSI

Solar PooL Heaters — NSF/ANSI
Rapid Sand Filters — NSF/ANSI
High-Rate Sand Filters — NSF/ANSI
Pre-Coat Filters — NSF/ANSI

Filter Media — NSF/ANSI

Cartridge Filters — NSF/ANSI

100 ASHRAE. 2013 ASHRAE Handbook—Fundamentals. Available atAccessed-03/23/14-from
https://www.ashrae.org/resources--publications/handbook/description-of-the-2013-ASHRAE-handbook- [
fundamentals._Accessed on April 14, 2016.
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Bottom Drains/Main Drain System — ASME
Pumps — NSF/ANSI, UL, California Assembly Bill, NEC
Heaters, HVAC, and Dehumidifiers — UL
Combustion/Furnaces — ANSI, CSA 2.6-2006 Ga, UL
Boilers — ASME, ANSI, CSA
Gas-fired PooL Heaters — ANSI, CSA
Flues — UL
Mechanical Chemical Feeding Equipment — NSF/ANSI, UL, CSA
Ozone — NSF/ANSI, UL, CSA, NEC
Ultraviolet Light — NSF/ANSI, UL, CSA, NEC
In-line and Brine Batch Electrolytic Chlorinator or Bromine Generator — NSF/ANSI,
UL, CSA, NEC, Canadian PMRA
Copper/Silver and Copper lon Generators — NSF/ANSI, UL, CSA, NEC, Canadian
PMRA
CHEMICAL STORAGE — National Fire Code
AUTOMATED CONTROLLERS — NSF/ANSI, UL, CSA, NEC
WATER QUALITY TESTING DEVICE — NSF/ANSI
Electrical - NEC
Lights — UL
Diving Boards and Platforms — NSF/ANSI
Starting Blocks — ANSI/NSPI, FINA, NFSHSA, NCAA
Lifeguard Chairs — NASI/NSPI
Ladders — ANSI/NSPI
Handrails — ANSI/NSPI
Stairs — ANSI/NSPI
Handicapped Lifts — ADA
Safety Covers — ANSI/NSPI, ASTM, UL

Notes about Component Requirements: Recirculation Systems and Equipment

NOTE: This section has not been updated from the same section in the 2014 MAHC (15t
Edition). The intent is that any new revisions available at the release of the 2016 MAHC
(2" Edition) would be included.

Inlets

At the release date of the MAHC 15t Edition, INLET products are currently listed by NSF to
an engineering specification. Language is ready for ballot into NSF/ ANSI Standard 50.

Overflow System / Gutters

At the release date of the MAHC 18t Edition, overflow system gutters products are
currently listed by NSF to an engineering specification. Language is ready for ballot into
NSF/ANSI Standard 50.
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Skimmers

At the release date of the MAHC 15t Edition, NSF/ANSI Standard 50 2013 is the current
version of the applicable STANDARD for SKIMMERS.

Main Drain System
At the release date of the MAHC 1st Edition, ANSI/APSP Standard 16 — 2011, titled
“‘American National Standard for Suction Fittings for Use in Swimming Pools, Wading
pools, Spas and Hot Tubs” is the current version of the applicable STANDARD for main
drain systems.

Multiport Valves

At the release date of the MAHC 15t Edition, NSF/ ANSI Standard 50 2013 is the current
version of the applicable STANDARD for multiport valves.

Face Piping
At the release date of the MAHC 15t Edition, face piping products are currently listed by

NSF to an engineering specification. It is currently at the Task Group Level for
development of language for inclusion into NSF/ ANSI Standard 50.

Diaphragm Valves

At the release date of the MAHC 1st Edition, NSF/ ANSI Standard 14 — 2008e is the
current version of the applicable STANDARD for diaphragm valves. Product is currently at
the Task Group Level for development of language for inclusion into NSF/ ANSI.

Check Valves
At the release date of the MAHC 15t Edition, NSF/ ANSI Standard 14 — 2008e is the
current version of the applicable STANDARD for check valves. Product is currently at the
Task Group Level for development of language for inclusion into NSF/ ANSI Standard 50
as well.

Fittings
At the release date of the MAHC 1st Edition, NSF/ ANSI Standard 14 — 2008e is the
current version of the applicable STANDARD for fittings. Product is currently at the Task
Group Level for development of language for inclusion into NSF/ ANSI Standard 50 as
well.

Pipe
At the release date of the MAHC 15t Edition, NSF/ ANSI Standard 14 — 2008e is the

current version of the applicable STANDARD for pipe. Product is currently at the Task Group
Level for development of language for inclusion into NSF/ ANSI Standard 50 as well.

Pumps
At the release date of the MAHC 