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Public Comments and Responses for Disinfection and Water Quality
Module Code and Annex after the First 60‐day Review Period
Informational Copy: NOT Open for Public Comment
NOTE: When addressing some of the comments related to the use of cyanuric acid and
stabilized chlorine products in different settings, it became apparent that the revised fecal
incident response module no longer addressed aquatic venues using these products and
needed to be altered. Altered sections of the MAHC Code are included in the re‐posting of this
module CODE and ANNEX.
1. Stephen Keifer, Oregon Health Authority (Portland, Oregon)


Comment:
4.7.3.1, 4.7.3.2, 4.7.3.3, and 4.7.3.3.1 – Where did these sections go? They
seem to be the most relevant parts of disinfection. Certainly a requirement about
cyanuric acid use / misuse is needed. As is a scientifically supported section in
the annex.
Changes to Module/Annex:
It is still in the MAHC. The early Strawman had extensive listing for chemicals in
these areas but it was realized that Design and Construction was not the location
for most of this vs. 5.7.3 sections of this module that cover the chemicals.
Secondary disinfection systems are covered in this module in 4.7.3.3. Feeders
and controllers are covered in Recirculation Systems and Filtration under 4.7.3.1
and 4.7.3.2.



Comment:
4.7.3.3.1.1 – Most ANSI third party certifiers are acceptable. We have had some
trouble with some certifiers over the years, and the AHJ needs to have that
authority. (e.g.. Recent VGBPSSA drain cover testing debacle) – SECONDARY
DISINFECTION SYSTEMS shall be certified to ANSI/NSF 50 by an ANSIAccredited third-party testing and certification organization acceptable to the AHJ.
Changes to Module/Annex:
Recommendation implemented. Wording added “approved by the AHJ”



Comment:
4.7.3.3.1.1 – Why do we need an ANSI Accredited lab? What is it? What are
some acceptable examples? Specific examples would be good. Otherwise the
AHJ should be involved. (reference the CPSC drain cover debacle) –
SECONDARY DISINFECTION SYSTEMS shall be certified to ANSI/NSF 50 by an
ANSI-Accredited third-party testing and certification organization recognized and
acceptable to the AHJ.
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Changes to Module/Annex:
Recommendation implemented. Wording added “approved by the AHJ”


Comment:
4.7.3.3 Annex – Taking a sample of annex text from part of page 9 thru part of
page 13, I measured the average reading level at 15.9. I doubt that many readers
will have that level of reading expertise. In fact I had to read it several times to
decipher what was being said. (I hope I understood it.)—Needs to be written so
anyone can understand it. Maybe a 6th to 8th grade reading level. Stick to the
basic rationale and don’t wander into vague theorizing about treatment
philosophy. The first part and last parts of that section were much better. It would
be more relevant if it was broken down to address each code section.
Changes to Module/Annex:
Some editing of the annex was done. This section is a start in explaining
Secondary Disinfection System and explaining to pool operators the need for
these systems. There is always going to be a struggle of explaining complex
organic chemical reactions that seem to happen like magic to most pool operators
while still adequately explaining the science to the level that scientists will not take
issue with it. We will continue to work on reducing reading level after the MAHC is
finalized



Comment:
4.7.3.3 **Annex Subsections – I think these code sections are items quite
appropriately needing specific annex language.
Changes to Module/Annex:
The MAHC does include sections under this number so we are not clear what the
comment is referring too.
Comment:
4.7.3.3.1.2 ANNEX -- While we need to push the need for secondary systems, I
have concerns that the requirements for secondary systems are unrealistic for
anything but very small systems or special venues. The required premise for
treating the water places heavy demands on the treatment equipment sizing and
turnover requirements. This is at a time when we are seeing quite a few pools
forced to close due to lack of funding -- In the real world, we are finding air
quality to be an issue in every aquatic venue. An emphasis on the need to
secondary systems might be appropriate to accompany the “may” language in the
code.
Changes to Module/Annex:
No change in the annex wording. The requirement of Secondary Disinfection
Systems is a paradigm shift for the majority of the pool operators but this is why
there is a focus on new construction and renovation. It is also the reason why the
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MAHC defines increased risk based on user type so that we prioritize upgrading
those facilities first. Air quality issues are addressed in another MAHC section. As
with secondary disinfection, the MAHC feels that some action needs to be taken
now to improve operations and others can be accomplished during new
construction projects.


Comment:
4.7.3.3.2.2 -- “Theoretical oocyst reduction???” Interesting that I am now going to
regulate systems on theory. Most operators are interested in “concrete” code
language. I suggest this be re-thought. I think a concept that is not so
“theoretical” can be developed. I can see me now, telling a pool operator
upgrading their system that I can’t approve their plans, because in theory, the
system doesn’t work. This would sit quite well with the legislator they complained
to: my public pool program’s days would be limited. I don’t mind performance
design, I think the concept is good, but basing it on “theory” is unsupportable.-
The SECONDARY DISINFECTION SYSTEM shall also be designed to reduce a
theoretical total number of infective Cryptosporidium oocysts in the total volume of
the AQUATIC VENUE from an assumed 100 million (108) oocysts to a maximum
concentration of 1 infective oocyst/100 ml by means of consecutive dilution. The
SECONDARY DISINFECTION SYSTEM shall be sized to inactivate 100 million
(108) pathogenic microorganisms, to a maximum level of 1 organism per 100 mls.
of pool water, by consecutive dilution over time, as determined by 4.7.3.3.2.5.
**3.2.2.1 The microorganism used for design shall have an inactivation resistance
equivalent to Cryptosporidum oocysts, or as determined by the AHJ. I’m not sure
how a safety factor applies here, as discussed by the annex. There is no mention
that a safety factor is needed in the code language as it exists.
Changes to Module/Annex:
This language has been moved to the annex. This is explanatory text and the
word theoretical has been changed to “assumed” meaning we cannot measure
every fecal incident occurring so this contamination level has been assumed
based on excretion levels from the literature. The MAHC still feels this is a
reasonable way to explain to the intent to designers.



Comment:
4.7.3.3.3 ANNEX -- Define the terms here. They are defined in the code, but
reading the annex is confusing without specifying and defining the terms.-
“Validation must follow one of the approved validation systems, preferably the
USEPA DGM 2006, MUST have been carried out be a genuine third party, and
MUST include all the required validation factors and RED bias.” This section
again very hard to read and probably not understandable to many EHS staff. Can
it be simplified?
Changes to Module/Annex:
Added RED bias definition to the Glossary section. Not clear how to make this
more understandable to designers so please give us a specific comment about
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how to address your comment.


Comment:
5.7.3.1.1.3 ANNEX – Discuss something on the proper sizing of salt systems on
public swimming pools. Almost all I see are undersized and many are sized on
the amount of Cl used per day. Unfortunately this doesn’t address the maximum
load periods, and the unit cannot keep up during use.— Points: (1) The salt
system requires sizing to provide adequate chlorine during periods of maximum
demand. Sizing a unit based on the number of pounds of chlorine used per day
may specify a unit sized much to small to maintain chlorine during maximum
demand periods. (ex. A pool uses 5 pounds of Cl a day, but 4 pounds between 1
to 5 pm. Many units are installed to provide 5 lbs per day instead of a capacity of
at least 24 pounds a day.) (2) Salt units on public pools, especially smaller ones
work best if controlled by an ORP controller. The controller better detects
dropping Cl levels, and can turn the unit on at a maximum setting (or as
determined by use). This provides far better control than having an operator
manually turn the unit up and down. Salt systems seem to react more slowly than
chemical feed systems.
Changes to Module/Annex:
Agreed. Annex language has been revised to read:
Salt water chlorination units should be sized appropriately to maintain minimum
FAC levels during maximum load periods. The units should ideally be controlled
by an ORP controller. Operators must still test the FAC residual of the water to
ensure that the cell is producing adequate CHLORINE for the POOL. The cells are
usually sized to treat the POOL effectively with run time of 50% to 60%. This
allows the system to be “boosted’ to run 100% of the time as a method of
shocking the POOL. However, a separate chlorinating product may be needed to
provide a sufficiently high FAC level for shock treatment or remediation following a
fecal accident.
Comment:
5.7.3.1.2 ANNEX -- Define your terms -- DMH? DBDMH
Changes to Module/Annex:
Agreed. These are two different chemicals. BCDMH (1-bromo-3-chloro-5, 5
dimethylhydantoin) is the most common form of bromine used in commercial
POOLS and spas today. Added “The function of DMH is to inhibit the formation of
bromates.” Also added acronyms to listing.



Comment:
5.7.3.2.1 ANNEX -- CYA “reduces the inactivation time??? I believe a typo –
Though the data shows using CYA reduces increases the inactivation time of
many pathogens, the committee would like to have a study done on specific
pathogens and inactivation rates at differing CYA levels, up to 200 PPM (MG/L).
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Changes to Module/Annex:
Change Annex language as follows:
Agreed. Though the data shows using CYA reduces increases the inactivation
time of many pathogens
Comment:
5.7.3.3 ANNEX -- The sizing requirement in 4.7.3.3.2.6 requires a very short
turnover time in a larger pool to allow a system to be a secondary disinfection
system. Requiring a large pool to provide 3 hour turnovers is probably not a
reality in today’s political climate. I also do not see the research to indicate the
need for this kind of requirement.-- Due to the risk of outbreaks of recreational
water illnesses (RWIs) associated with halogen-tolerant pathogens such as
Cryptosporidium, it is strongly recommended that all aquatic facilities include
SECONDARY DISINFECTION SYSTEMS to minimize the risk to the public
associated with these outbreaks. Change to: …at least supplementary
disinfection systems, unless a secondary disinfection system is required by
section 4.7.3.3.1.2…
Changes to Module/Annex:
Disagree. The MAHC intent was to say in the Annex that we think all facilities
should have this protection. However, the reality of the situation is that all that is
required is to include this in “increased risk” venues that are new constructed so
we have not changed this text. .


Comment:
5.7.4.3.3.1 thru 5.7.4.3.3.5 -- How do these fit under “Pool Water Chemical
Balance?” This is not where I would think to look for them -- Create logical groups
for chloramines, PHMB, ClO2, H2O2 and algaecides I would also move the UV/
Hydrogen Peroxide prohibition in with the others on a section. These are not
generally recognized as part of “Pool Water Chemical Balance. Combined
chlorine doesn’t fit with the others.
Changes to Module/Annex:
Agreed. The section has been re-organized. Revised format as follows:
 New section 5.7.3.5. Alternative disinfectants
 Renumber 5.7.4.3.3.2 as 5.7.3.5.1
 Renumber 5.7.4.3.3.3 as 5.7.3.5.2
 Renumber 5.7.4.3.3.4 as 5.7.3.5.3
 Renumber 5.7.4.3.3.6 as 5.7.4.3.3.2
 Renumber 5.7.4.3.3.7 as 5.7.4.3.3.3
 New Section 5.7.3.6 Algaecides
 Renumber 5.7.4.3.3.4 as 5.7.3.6.1
 Renumber pH section 5.7.3.5 as 5.7.3.7



Comment:
5.7.4.6 -- I think there are a lot of medical professionals and several scientific
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studies that relate to hot water exposure of adults with healthy impairments, small
children, and pregnant women. The largest risk to pregnant women is in the first
6 weeks of pregnancy. I think there are many women who do not know they are
pregnant during part or all of this period. Recommendations are to keep the
woman’s temperature below 102 degrees F. Besides 102 degrees provides a
larger safety margin. Parents taking their children into the spa are not going to
run near as high a risk of harming the child. -- Spa Temperature maximum 104
102 degrees F.
Changes to Module/Annex:
Understood and the MAHC wants this assessed as well. The MAHC has seen
these references and will be asking a group of experts to review the strength of
the data and whether it warrants this proactive approach and, if so, whether 102oF
is the correct temperature and what data supports that 102oF is the appropriate
set point. More data or analysis of existing data is likely to be needed. This is
unlikely to occur prior to release of the MAHC. In the interim, the MAHC (as most
other pool codes) requires signage warning about potential risks of using spas. .
2. Ron Sutula, Schlitterbahn Waterparks (Galveston, Texas)
Comment:
5.7.4.3.5 -- Existing state regulatory -- There are facilities that obtain source
water from local aquifers and surfaces water sources. In the case of Schlitterbahn
New Braunfels, source water for some rides and attractions comes from the
Comal river, which is spring fed from the Edwards Aquifer. The water is pulled
and returned to the source untreated, providing no impact on the source
ecosystem. The diversion is regulated by Texas Commission on Environmental
Quality. There is no “public water system authority”. There needs to be some
provision for all similar facilities where source water does not come from a “public
water system”.
Changes to Module/Annex:
Current code languages is written such that as long as the system meets the
applicable rules of the AHJ in which the facility is located, the source is
acceptable. In this case TCEQ is the AHJ and meets the language of the code.
However, we have added additional language to clarify this.
3. Pamela Scully, Connecticut Department of Public Health (Hartford,
Connecticut)


Comment:
4.7.3.3.1.2 -- Secondary disinfection systems costly for small wading pools/spray
parks -- (NO suggested wording….just wondering if there could be a variance
procedure in place for systems that can demonstrate a history of no water quality
problems.)

Public Comment Response for Disinfection and Water Quality Code and Annex
Comment structure: Section – Basis – Recommendation – Reference (if provided)
7

Changes to Module/Annex:
Comment noted. TC prefers current code language since the increased risk
venues are defined based on them likely having water quality issues with
Cryptosporidium at some point. They are only required in new construction or
substantial alteration.


Comment:
5.7.3.1.1.2 -- CT Standards -- Minimum FAC concentrations for Item 1 be: 0.8
mg/l, for Item 2 be: 1.5 mg/l and for Item 3 be: 1.0 mg/l -- REFERENCE: CT
Public Health Code Section 19-13-B33b(b)(5)&(e)(1)
Changes to Module/Annex:
State code requirements for FAC levels vary widely. The DWQ Technical
Committee believes that the MAHC parameters are consistent with the best
available scientific evidence.
 The minimum FAC level of 1.0 PPM (MG/L) for swimming POOLS is wellsupported by available data, and the Committee would have less
confidence that a lower FAC level would provide acceptable microbial
quality.
 Substantial laboratory data shows that kill times for microbial
contaminants are increased in the presence of cyanuric acid. The precise
impact on CT values is difficult to generalize, given the complexity of
chemical reactions in a swimming pool environment. The selection of 2.0
PPM (MG/L) for pools using cyanuric acid provides a margin of safety for
bathers to account for the potential effects of cyanuric acid.
The minimum FAC level (3.0 PPM (MG/L)) for spas addresses the higher BATHER
load and higher temperatures of these facilities. Data cited in the Annex indicates
that a FAC level below this may be insufficient to control Pseudomonas
aeruginosa.
No changes necessary to existing code language.



Comment:
5.7.3.2.1.2 -- CT Standards. -- …shall remain below 100 PPM (mg/l). –
REFERENCE: CT Public Health Code Section 19-13-B33b(b)(5).
Changes to Module/Annex:
Based on public comment during the review period, MAHC wording is being
altered to increase the upper limit of cyanurate allowed in aquatic venues from 50
to 100 ppm This is being done at this time because:
1)
There are limited data about what the appropriate cyanurate level
should be
2)
The World Health Organization allows an upper limit of 100ppm
cyanurate in swimming pools
Although data demonstrating the decreased efficacy of stabilized chlorine is
abundant, it is not as clear how disinfection is impacted by increasing levels of
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cyanurate in the aquatic environment. At this point, the lack of data on the impact
of cyanurate levels on disinfection does not support changing the upper limit for
cyanurate from WHO recommended levels or those found in most U.S. pool
codes. However, the MAHC believes that further data on the role of increasing
cyanurate levels on disinfection are needed. With new data, the discussion about
the appropriate levels of cyanurates that should be allowed in public aquatic
facilities to achieve optimal disinfection and protect public health will need to be
re-visited.
There is extensive evidence demonstrating that CYA inhibits chlorine’s
disinfection capability. As a result, our DWQ Module prohibits CYA use in new
indoor venues, spas, and increased risk venues. Furthermore, where it is
allowed, we have required a higher minimum chlorine level (2 ppm vs. 1 ppm
FAC).
The question now is whether reducing the maximum CYA level from 100 ppm (a
commonly accepted level endorsed by APSP 11 and numerous state codes) to 50
ppm would provide an incremental public health benefit. We don’t believe the
available evidence warrants the lower level. In summary, we note the following:
 The relationship between CYA levels and chlorine efficacy is not
linear. There are clear effects at lower levels, but small additional effects
above 50 ppm. The strongest evidence comes from the Warren &
Ridgeway paper cited in the Annex. This study suggests only small
differences in the level of chlorine required for 99% kill of Staphylococcus
aureus in one minute -- 1.9 ppm chlorine at 50 ppm CYA and 2.15 ppm
chlorine at 100 ppm CYA. The Sommerfeld paper shows little incremental
effect of CYA levels above 50ppm on chlorine’s effectiveness as an
algaecide.
 Data submitted for EPA product registrations and WHO guidelines indicate
that toxicology is not a concern at 100 ppm.
 The module already recognizes that hyperchlorination is ineffective for
crypto remediation in the presence of CYA. There would be no meaningful
difference between 50 and 100 ppm CYA.
4. Tom Vyles, City of Plano (Plano, TX)


Comment:
5.7.4.3.3.6 -- Calcium hardness is not a public health concern. A “shall”
statement requires actual enforcement activities. These need to be limited to
parameters with public health concern -- Calcium hardness should not exceed
400ppm
Changes to Module/Annex:
Agreed. The text and the calcium hardness range information has been moved to
the Annex. The wording has been altered to reflect a “not to exceed” maximum
level only. The use of non-mandatory language such as should, could, can, etc.
cannot be included in a code.
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Comment:
5.7.4.3.4.1 -- TDS plays an extremely minor role in saturation index. The “C”
rating is an admission that the basis behind this level is nothing more than
industry standard. The assumption that TDS is an indicator of organic
contamination is not proven. This should not be a regulatory mandate. -- TDS
should not exceed 1500
Changes to Module/Annex:
Agreed. This wording has been moved to the Annex.


Comment:
5.7.4.4.1 -- This is a good management practice not a public health item. A shall
statement requires enforcement. -- Water balance should within the range of 
0.5 to +0.5
Changes to Module/Annex:
Agreed. Most of this discussion has been moved to the Annex. No level is set in
the code. Code cannot include “should” as it is not enforceable.



Comment:
5.7.4.3.3.7 -- If Langlier Saturation index is going to be spelled out, then it needs
to be spelled out properly with all parameters listed. -- The exact level is
dependent on the pH, alkalinity, calcium hardness, temperature, and TDS of
the pool water.
Changes to Module/Annex:
Agreed. Wording has been added. Values and requirements have been moved to
annex rather than having them in the code.

5. Bob Banker, Aquionics, Inc. (Erlanger, Kentucky)


Comment:
Glossary -- This module does not require the supplemental systems to meet the
same requirements as secondary systems. This does not make sense.
Supplemental systems need to meet the requirements of secondary systems. -“Supplemental treatment systems” – means those disinfection processes or
systems which are optional and not required on an aquatic venue for health and
safety reasons. Supplemental treatment systems shall meet the same
requirements as secondary treatment systems.
Changes to Module/Annex:
Disagree. Only venues that are classified as “increased risk” are required to have
secondary systems installed that meet the requirements listed in the MAHC. If an
operator wants to install a system in a venue that is not classified as an
“increased risk” venue then they can choose to do so. Since it is not required and
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entirely voluntary, the MAHC has no part in requiring what the system does or that
it meets certain criteria when there is no requirement for it to be installed in the
first place. We hope the operator would understand the benefits of meeting the
“secondary disinfection” benefits and strive to meet the same criteria but don’t feel
it can be mandated.


Comment:
4.7.3.3.1.1 -- Add same requirement for EPA-registration for UV as is required
for chlorine products to maintain consistency. --- SECONDARY DISINFECTION
SYSTEMS shall be ANSI/NSF 50 by an ANSI-Accredited third-party testing and
certification organization and only UV products that are EPA-REGISTERED for
use as disinfectants in POOLS or spas in the United States are permitted.
Changes to Module/Annex:
There is no EPA registration system for UV as it is a physical process not
chemical.



Comment:
4.7.3.3.1.2 --“Water activity pools” is not clear and needs a better definition. If
intent is sloped entry pools, state clearly. Suggest use of “zero depth entry” for
sloped entry as these pools are easily accessible for at risk users (<5 years old).-1)b Zero depth entry POOLS
Changes to Module/Annex:
Code language is not specific so that it can encompass any type of water activity
pool, whether zero-depth entry or not. The requirement is based on design intent
and usage (e.g, diaper-aged kids) so no changes needed to code language.



Comment:
4.7.3.3.1.5 -- Supplemental systems need to have the same requirements as
secondary as both system outcomes need to be the same.-- If not labeled as
SECONDARY DISINFECTION SYSTEMS, then they shall be labeled as
SUPPLEMENTAL TREATMENT SYSTEMS and conform to requirements listed
under 4.7.3.3
Changes to Module/Annex:
Disagree. Only venues that are classified as “increased risk” are required to have
secondary systems installed that meet the requirements listed in the MAHC. If an
operator wants to install a system in a venue that is not classified as an
“increased risk” venue then they can choose to do so. Since it is not required and
entirely voluntary, the MAHC has no part in requiring what the system does or that
it meets certain criteria when there is no requirement for it to be installed in the
first place. We hope the operator would understand the benefits of meeting the
“secondary disinfection” benefits and strive to meet the same criteria but don’t feel
it can be mandated.
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Comment:
4.7.3.3.2.1 -- According to the USEPA UV Disinfection Guidance Manual that is
used as the reference standard, a 3-log reduction in Cryptosporidium parvum only
requires a Reduction Equivalent Dose of 12 mJ/cm2. This value is far below the
40 mJ/cm2 Dose level used in the NSF 50 certification referenced in section
4.7.3.3.1.1 and most state standards. Without an explicit reference to a Dose
value, this section could allow dangerous under-sizing of UV systems. -SECONDARY DISINFECTION SYSTEMS shall be designed to achieve a
minimum 4-log (99.99%) reduction in the number of infective Cryptosporidium
parvum oocysts per pass through the SECONDARY DISINFECTION SYSTEM,
but in all cases not less than a Dose of 40 mJ/cm2 -- REFERENCE: Table 1.4
on pg. 1-7 of the EPA Ultraviolet Disinfection Guidance Manual; NSF 50;
State Standards
Changes to Module/Annex:
99.99% makes a marginal difference to 99.9% in terms of overall reduction as
turnover rate is more important once 99.9% reduction is achieved. The dose is 12
but this requires an RED bias of 1.73 to be added to the validation factor giving an
effective RED dose of >20. It should be noted that an RED dose of >20 including
all the validation factors is often GREATER than a calculated dose of 40mJ/cm2.
NSF 50 latest standard has a reference and certification program for >r 3 log in its
validation. No Change.



Comment:
4.7.3.3.2.3 - All recirculated pool water needs to be treated prior to return to pool
for safest water condition, not just a “portion”. In addition, because recirculated
water dilutes with the pool water, it takes 4 turnovers to treat 98% of pool water.
A side stream treatment of UV will require additional turnovers to treat pool water
and not the safest water condition -- The SECONDARY DISINFECTION
SYSTEM shall be located in the treatment loop (post filtration) and treat 100% of
the recirculation flow prior to return of the water to the POOL or AQUATIC
FEATURE. -- REFERENCE: NSPF Pool & Spa Operator Handbook, Chapter
10, Illustration 10-2.
Changes to Module/Annex:
The derivation of the formula is based on a mass balance of oocysts in a pool that
relates time, flow rate and concentration of oocysts. There are 4 variables
included : time; flow rate; pool volume; efficiency of UV reactor ( i.e. 3-log
reduction per pass). See annex discussion and example.



Comment:
4.7.3.3.2.5 -- If UV is going to be required, allowing less than 100% flow would
not provide the desired intent of requiring UV. -- DELETE
Changes to Module/Annex:
Disagree. Key is meeting the flow requirements of the formula, and if you can do
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this without meeting 100% filtration flow rate, then the desired treatment goal is
met. See explanation and example in the Annex text. No change necessary.


Comment:
4.7.3.3.2.6 -- The formula is confusing. Require a minimum 40 mJ/cm2 dose
using the maximum flow rate for respective units is more appropriate. -- The
SECONDARY DISINFECTION SYSTEM flow rate shall not exceed the maximum
flow rate providing a minimum 40 mJ/cm2 dose.
Changes to Module/Annex:
Formula requires 3 log-reduction and any UV dose must be sufficient to achieve
this. Specifying 40 mJ/cm2 may not meet this requirement.
"The derivation of the formula is based on a mass balance of oocysts in a pool
that relates time, flow rate and concentration of oocysts. There are 4 variables
included: time; flow rate; pool volume; efficiency of UV reactor (ie. 3-log reduction
per pass. Annex discussion under keyword "Equation" Section 4.7.3.3.2.5 does a
good job explaining what the formula is intended to accomplish. See explanation
and example in the Annex text.



Comment:
4.7.3.3.2.7 -- NO LONGER NEEDED – DELETE
Changes to Module/Annex:
Disagree. Please see MAHC Annex Section 4.7.3.3.2.5 for an explanation of time
necessary for reduction.



Comment:
4.7.3.3.2.8 -- A minimum flow rate should not be allowed for health and safety
reasons. Revised 4.7.3.3.2.1 has requirement. -- DELETE
Changes to Module/Annex:
Disagree. Please see MAHC Annex Section 4.7.3.3.2.4, 4.7.3.3.2.5, and
4.7.3.3.2.6 for an explanation of the importance of flow rate in addition to 3-log
reduction. No changes.



Comment:
4.7.3.3.3.1 -- The US EPA Ultraviolet Disinfection Guidance Manual (UVDDGM)
was specifically designed to address treatment of surface waters for drinking
water. As a contributor to the US EPA UVDGM, this reviewer can attest first hand
that the drinking water standard is not appropriate for use in swimming pool
applications. By its use it could allow for dangerously low UV Dose values to be
used. By ensuring that the UV Dose is always above 40 mJ/cm2, then not only
will protection for 3-log reduction of Cryptosporidium be comfortably achieved, but
it will also ensure that this code remains in alignment with both the current NSF 50
standard referenced in section 4.7.3.3.1.1, but also a number of US state
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standards. Creating an entirely new, less stringent standard will create confusion
and potential safety issues. In addition the operational protocols outlined in the
UVDGM are extremely onerous and will cause massive cost implications to a pool
operator. -- The UV equipment shall provide a minimum 40 mJ/cm2 dose for
outdoor pools. A minimum 60 mJ/cm2 dose for indoor pools is recommended. –
REFERENCE: NSF 50; Texas and New York state disinfection standards
Changes to Module/Annex:
The issue here is complex. A dose of 40 or 60 by calculation can be overstated
by more than double the actual validated dose. Existing pool units installed
throughout the USA, working functionally will NOT meet the requirement in most
cases of a validated dose of 40. >99.9% is not required and it will have chlorine
consumption issues. ‘Safely’ more than is required in a recirculation does have
consequences. The code does not require installation in accordance with the
USEPA DGM, it simply requires the validation element. This is needed as a
minimum standard. No change necessary in the code language.


Comment:
4.7.3.3.3.1.1 -- The NSF 50 standard is referenced in section 4.7.3.3.1.1 and
should be used consistently throughout the CODE. Referencing a second
standard that is less stringent from a disinfection perspective will create un
necessary confusion and potential non-compliance with a number of state
standards. -- The NSF 50 standard shall be considered a recognized national
standard in this CODE.
Changes to Module/Annex:
Agreed, however, it should be noted though that NSF-50 approval does NOT
imply meeting the validation requirements.
No change necessary in the code language.



Comment:
4.7.3.3.3.6.1 -- One sensor/lamp is the only sure way to determine sufficient
output of each lamp. -- Where multiple lamps are fitted, each lamp shall have a
dedicated UV sensor to measure respective lamp.
Changes to Module/Annex:
Not a requirement in the USEPA or the DVGW. Monitoring needs to be adequate.
Low pressure is 1 per 10. Medium pressure 1 per 2.
No change necessary in the code language.



Comment:
4.7.3.3.3.6.2 -- As written, this is ambiguous and open to abuse; “output of all
lamps is adequately measured” - how is “adequately” determined? Use revised
4.7.3.3.3.6.1 and requirement is clear and the safest method. In fact the UVDGM,
proposed as the reference standard for the CODE, requires one sensor per lamp
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(for MP lamps) and hence this section would be in direct conflict. -- DELETE
Changes to Module/Annex:
The DVGW requires 1 sensor per two lamps for MP and 1 per 10 for LP. The US
EPA does not specify 1 per lamp. Adequate monitoring is covered in the
validation tests as the level of monitoring will influence the VF. No change
necessary in the code language.


Comment:
4.7.3.3.3.8.1 -- Not required with revised 4.7.3.3.3.8. Use for primary disinfectant
if alarm is required. -- DELETE
Changes to Module/Annex:
TC prefers to leave code as modified



Comment:
4.7.3.3.3.9 -- Stating it in this manner is clear and unambiguous. Typical USEPA
UVDGM validation reports are highly technical and over 100 pages in length. It is
not reasonable that a typical pool designer would be qualified to review. -- UV
equipment shall be listed on ANSI accredited 3rd party database for the UV
equipment model.
Changes to Module/Annex:
Correct. The pool designer will have to rely on the manufacturer to confirm this
meets the requirement or engage a consultant. However, once accepted there will
be an incentive for other approvers to list approved systems, e.g. latest NSF-50
validation test approvals. No change necessary in the code language.



Comment:
4.7.3.3.3.10.1 -- With revised 4.7.3.3.1.1 requiring NSF, this is not necessary as
NSF validation testing accounts for uncertainty factors. –DELETE
Changes to Module/Annex:
ONLY if the latest NSF tests are applied. It is essential that the uncertainty
factors are included, even if it is covered should NSF recent validation standards
be used. No change necessary in the code language.



Comment:
4.7.3.3.3.10.2 -- With revised 4.7.3.3.1.1 requiring NSF, this is not necessary. –
DELETE
Changes to Module/Annex:
As above. Should alternative validation procedures be developed it is essential to
ensure they are included. No change necessary in the code language.
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Comment:
4.7.3.3.3.12.1 -- With revised 4.7.3.3.1.1 requiring NSF, this is not necessary.
Note that the ÖNorm and DVGW certifications are also Drinking Water standards
from Austria and Germany respectively. They are not appropriate for pool
applications – in fact they are not even allowed for pool use in Austria or
Germany! -- DELETE
Changes to Module/Annex:
We are using UV in pools to achieve a drinking water outcome; therefore, aspects
of drinking water standards are applicable and essential. Note not all
requirements of drinking water systems are included, just the performance testing
aspects. No change necessary in the code language.



Comment:
4.7.3.3.4.11.1 -- Since work on the ozone is required, the pool should be closed
if the pumps are shut off. -- The ozone equipment shall be electronically
interlocked with feature pump(s) or automated feature supply valves, such that
when the ozone equipment fails to produce the required dosage as measured by
ORP, the water features do not operate and the pool shall close until situation is
rectified.
Changes to Module/Annex:
The original language proposed by the TC is appropriate and should remain.



Comment:
4.7.3.3.4.12 -- Why do we want to spread fear and panic for the supplemental
disinfection system? It would be more appropriate to have a visual alarm for
patrons if the free chlorine level is low as free chlorine is the primary disinfectant.
--- If the ORP reading for the ozone system drops below 600 mV (regardless of
the cause), an audible and visual alarm shall be provided to notify staff to close
the pool; the pool shall not reopen until the ozone equipment has been serviced.
Changes to Module/Annex:
Agreed. Changed as follows:
If the ORP reading for the ozone system drops below 600 mV (regardless of the
cause) a visual alarm or other indication shall be initiated that will alert staff onsite or remotely.



Comment:
4.7.3.3.4.13.1 -- State codes require NSF 50 -- The ozone equipment shall be
NSF Standard 50 certified. -- REFERENCE -- State Codes
Changes to Module/Annex:
Agreed. Changed as follows:
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Acceptable methods of meeting this equipment requirement shall be a listing to
NSF Standard 50 include:
1) ISO9000:2000 accreditation, or
2) listing to NSF Standard 50, or
 both.


Comment:
4.7.3.4.1.3 -- Why would we not require pools that have a supplemental system
to provide the same safety requirements as the secondary? -- SUPPLEMENTAL
TREATMENT SYSTEMS shall meet the same requirements of SECONDARY
DISINFECTION SYSTEM.
Changes to Module/Annex:
Only venues that are classified as “increased risk” are required to have secondary
systems installed that meet the requirements listed in the MAHC. If an operator
wants to install a system in a venue that is not classified as an “increased risk”
venue then they can choose to do so. Since it is not required and entirely
voluntary, the MAHC has no part in requiring what the system does or that it
meets certain criteria when there is no requirement for it to be installed in the first
place. We hope the operator would understand the benefits of meeting the
“secondary disinfection” benefits and strive to meet the same criteria but don’t feel
it can be mandated.



Comment:
4.7.3.4.1.4 -- With revised 4.7.3.4.1.3, the requirements would be the same.—
DELETE
Changes to Module/Annex:
Disagree. See comment above.



Comment:
4.7.3.4.1.5 -- The rationale for stating this is unclear. It will be used for
disinfection. Why would we say that a supplemental disinfection system is not to
be used for disinfection? -- DELETE
Changes to Module/Annex:
Modified language as noted in code. The system may be used for water clarity or
chloramine control vs. disinfection. It is not a required system rather than
voluntary.



Comment:
4.7.3.4.2.1 -- Requirements should be the same; different requirements make no
sense. -- When UV is used as a SUPPLEMENTAL TREATMENT SYSTEM, all
requirements of a SECONDARY TREATMENT SYSTEM shall be met.
Changes to Module/Annex:
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Disagree. This is a voluntary decision by the pool operator to install so the
validation, etc. should not be required. This is about having an OPTION to fit a
supplemental system without meeting the secondary treatment requirements.


Comment:
4.7.3.4.2.2 -- Not required with revised 4.7.3.4.2.1. -- DELETE
Changes to Module/Annex:
Agreed. This is covered in 4.7.3.4.2.1



Comment:
4.7.3.4.2.3 -- Not required with revisions recommended. -- DELETE
Changes to Module/Annex:
Disagree. Not a mandatory system so why would we require this?



Comment:
4.7.3.4.2.4 -- Not required with revisions recommended. -- DELETE
Changes to Module/Annex:
Disagree. Not a mandatory system so why would we require this?



Comment:
4.7.3.4.3.1 -- Requirements should be the same; different requirements make no
sense. -- When ozone is used as a SUPPLEMENTAL TREATMENT SYSTEM, all
requirements of a SECONDARY TREATMENT SYSTEM shall be met
Changes to Module/Annex:
The rationale for adding Supplemental Treatment (in lieu of Secondary
Disinfection) was to allow any swimming venue the option to add extra treatment
of the water, with either UV or ozone as opposed to doing nothing because of cost
restraints.



Comment:
4.7.3.4.3.2 -- Not required with revisions recommended. -- DELETE
Changes to Module/Annex:
Disagree. Not a mandatory system so why would we require this?



Comment:
5.7.3.2.1.2.1 -- Above 30 ppm, cyanuric acid has diminishing return value and
starts to reduce the chlorine effectiveness. -- The cyanuric acid level at outdoor
AQUATIC VENUES shall remain below 30 ppm.
Changes to Module/Annex:
Based on public comment during the review period, MAHC wording is being
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altered to increase the upper limit of cyanurate allowed in aquatic venues from 50
to 100 ppm This is being done at this time because:
1)
There are limited data about what the appropriate cyanurate level
should be
2)
The World Health Organization allows an upper limit of 100ppm
cyanurate in swimming pools
Although data demonstrating the decreased efficacy of stabilized chlorine is
abundant, it is not as clear how disinfection is impacted by increasing levels of
cyanurate in the aquatic environment. At this point, the lack of data on the impact
of cyanurate levels on disinfection does not support changing the upper limit for
cyanurate from WHO recommended levels or those found in most U.S. pool
codes. However, the MAHC believes that further data on the role of increasing
cyanurate levels on disinfection are needed. With new data, the discussion about
the appropriate levels of cyanurates that should be allowed in public aquatic
facilities to achieve optimal disinfection and protect public health will need to be
re-visited.
There is extensive evidence demonstrating that CYA inhibits chlorine’s
disinfection capability. As a result, our DWQ Module prohibits CYA use in new
indoor venues, spas, and increased risk venues. Furthermore, where it is
allowed, we have required a higher minimum chlorine level (2 ppm vs. 1 ppm
FAC).
The question now is whether reducing the maximum CYA level from 100 ppm (a
commonly accepted level endorsed by APSP 11 and numerous state codes) to 50
ppm would provide an incremental public health benefit. We don’t believe the
available evidence warrants the lower level. In summary, we note the following:
 The relationship between CYA levels and chlorine efficacy is not
linear. There are clear effects at lower levels, but small additional effects
above 50 ppm. The strongest evidence comes from the Warren &
Ridgeway paper cited in the Annex. This study suggests only small
differences in the level of chlorine required for 99% kill of Staphylococcus
aureus in one minute -- 1.9 ppm chlorine at 50 ppm CYA and 2.15 ppm
chlorine at 100 ppm CYA. The Sommerfeld paper shows little incremental
effect of CYA levels above 50ppm on chlorine’s effectiveness as an
algaecide.
 Data submitted for EPA product registrations and WHO guidelines indicate
that toxicology is not a concern at 100 ppm.
 The module already recognizes that hyperchlorination is ineffective for
crypto remediation in the presence of CYA. There would be no meaningful
difference between 50 and 100 ppm CYA.


Comment:
5.7.3.3.1.2 -- Original wording is unclear and not consistent with other sections of
the CODE. Particularly the use of the term “validated output intensity” because all
other references within the CODE refer to a UV Dose. -- UV systems shall be
operated and maintained not to exceed the maximum validated flow rate and
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meet no less than a minimum Dose of 40 mJ/cm2.
Changes to Module/Annex:
A validated dose of 40mj/cm2 meets a log reduction greater than 4 log (99.99%).
Changing the required minimum reduction from 3 log to 4 log achieved almost no
benefit in the exponential decay calculation (and verified by CFD modeling) for a
pool with a secondary disinfectant in a recirculating volume. For this reason the
minimum requirement was set at 3 log (99.9%) per pass and the manufacturer
needs to demonstrate this is achieved. The validated performance will give the
dose at which 3-log is achieved and the intensity is used vs the flow to confirm
that dose is met.


Comment:
5.7.3.3.1.4 -- Need to quantify how often calibration needs to take place since
all major UV sensor manufacturers require annual calibrations, as does NSF 50.
-- UV sensors shall be calibrated at a frequency in accordance with
manufacturer recommendations, but not less than once per year.
Changes to Module/Annex:
It is not correct to state that all manufacturers require annual calibration and this
requirement may prove onerous. NSF 50 does not require annual calibration. No
change to code language.



Comment:
5.7.3.3.1.6 -- Stated wording is ambiguous as it does not state what
operational data is to be stored and how often (5 parameters, every 10 seconds,
or 2 parameters, every hour?). Rather than state the requirement to store
massive amounts of data simply for the sake of it, perhaps it would be more
helpful to record only when the system is operating out-of-spec, or under an
alarm condition. This is far more valuable information to an operator and far
more digestible. Therefore, provide simplified and clearer wording. Whether the
data is stored within internal or external memory, the important factor is to store
the data. -- The UV equipment shall be capable of recording and storing out-of
specification events and alarms.
Changes to Module/Annex:
Comment noted. This only states that the system must have a means for doing
so vs. requiring that data be collected. No change to code language.



Comment:
5.7.4.3.3.6 -- Calcium hardness can exceed 400 if proper adjustment is made to
maintain balanced water. Low calcium hardness as water will seek calcium and
could contribute to aggressive water condition. A minimum should be stated in
code. -- Calcium hardness shall be maintained between 200 and 400 ppm.
When calcium hardness exceeds 400, the total alkalinity and/or pH may be
adjusted to provide balanced water. -- REFERENCE: NSPF Pool & Spa
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Operator Handbook, Reference: Appendix B, B-1 Water Chemistry Guidelines.
Changes to Module/Annex:
Agree. Most of this wording has been moved to the annex and is no longer in the
code.


Comment:
5.7.4.3.3.7 -- Poor wording in original. -- Measured total alkalinity, calcium
hardness, pH, and total dissolved solids, along with the water temperature,
shall be used to calculate the Langelier Saturation Index. All individual
measures must be maintained in the range allowed in this code and indicate
balanced water using the LSI.
Changes to Module/Annex:
Comment accepted. New text to read:
Water balance can be determined by using the Langelier Saturation Index,
Ryznar Stability Index, or other indices that are based on calculated values of:
i. total alkalinity,
ii. pH,
iii. calcium hardness,
iv. total dissolved solids, and
v. water temperature.
Maintaining individual values in the range allowed in this code will indicate
balanced water using the Langelier Saturation Index or other indices.



Comment:
5.7.4.4.1 -- -0.3 to +0.3 is the range that operators should strive for and could
be used as the requirement. -- It is recommended that water balance be
maintained within the range -0.3 to +0.3 as determined by the Langelier
Saturation Index. The LSI SHALL be maintained between the range -0.5 to
+0.5. -- REFERENCE: NSPF Pool & Spa Operator Handbook, Chapter 6,
Illustration 6.8.
Changes to Module/Annex:
Comment accepted. Most of this text has been moved to the Annex and ranges
are not set in the code.
6. Tom Kuechler, Occidental Chemical Corporation (Sauget, Illinois)
***SEE “Disinfection and Water Quality – Basis for Change”
DOCUMENT W/ REFERENCES at the end of this document



Comment:
5.7.3 -- Recommendation: The following section should be added:
o 5.7.3.Z Bacteriological Standards
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o 5.7.3.Z.1 Water samples from recreational water venues should be tested
for HPC and coliform bacteria levels at least once per year by the local
health authority having jurisdiction.
o 5.7.3.Z.2 Water samples from recreational water venues should be tested
for HPC and coliform bacteria levels whenever there is evidence of
operational problems.
o 5.7.3.Z.3 Water samples from recreational water venues requiring
secondary disinfection systems should be tested for HPC and coliform
bacteria levels at least once per quarter by the local health authority having
jurisdiction.
o 5.7.3.Z.4 Water samples should have a Heterotrophic Plate Count (HPC) of
less than 200 cfu/mL and should contain less than 1 cfu/100 mL of coliform
bacteria.
Changes to Module/Annex:
Disagree. This is covered in the Monitoring and Testing module. At this point there
are no strong data showing the benefits of bacterial testing of pools over
consistent chlorine and pH testing. Appropriate testing of chlorine and pH seem to
be equivalent and are much less expensive and more timely for checking pool
maintenance.


Comment:
5.7.3.2.1.2 -- Recommendation: Outdoor AQUATIC VENUES. The cyanuric
acid level at outdoor AQUATIC VENUES shall not exceed 50 100 PPM (mg/L).
SEE “Disinfection and Water Quality – Basis for Change” DOCUMENT W/
REFERENCES
Changes to Module/Annex:
Based on public comment during the review period, MAHC wording is being
altered to increase the upper limit of cyanurate allowed in aquatic venues from 50
to 100 ppm This is being done at this time because:
1)
There are limited data about what the appropriate cyanurate level
should be
2)
The World Health Organization allows an upper limit of 100ppm
cyanurate in swimming pools
Although data demonstrating the decreased efficacy of stabilized chlorine is
abundant, it is not as clear how disinfection is impacted by increasing levels of
cyanurate in the aquatic environment. At this point, the lack of data on the impact
of cyanurate levels on disinfection does not support changing the upper limit for
cyanurate from WHO recommended levels or those found in most U.S. pool
codes. However, the MAHC believes that further data on the role of increasing
cyanurate levels on disinfection are needed. With new data, the discussion about
the appropriate levels of cyanurates that should be allowed in public aquatic
facilities to achieve optimal disinfection and protect public health will need to be
re-visited.
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There is extensive evidence demonstrating that CYA inhibits chlorine’s
disinfection capability. As a result, our DWQ Module prohibits CYA use in new
indoor venues, spas, and increased risk venues. Furthermore, where it is
allowed, we have required a higher minimum chlorine level (2 ppm vs. 1 ppm
FAC).
The question now is whether reducing the maximum CYA level from 100 ppm (a
commonly accepted level endorsed by APSP 11 and numerous state codes) to 50
ppm would provide an incremental public health benefit. We don’t believe the
available evidence warrants the lower level. In summary, we note the following:
 The relationship between CYA levels and chlorine efficacy is not
linear. There are clear effects at lower levels, but small additional effects
above 50 ppm. The strongest evidence comes from the Warren &
Ridgeway paper cited in the Annex. This study suggests only small
differences in the level of chlorine required for 99% kill of Staphylococcus
aureus in one minute -- 1.9 ppm chlorine at 50 ppm CYA and 2.15 ppm
chlorine at 100 ppm CYA. The Sommerfeld paper shows little incremental
effect of CYA levels above 50ppm on chlorine’s effectiveness as an
algaecide.
 Data submitted for EPA product registrations and WHO guidelines indicate
that toxicology is not a concern at 100 ppm.
The module already recognizes that hyperchlorination is ineffective for crypto
remediation in the presence of CYA. There would be no meaningful difference
between 50 and 100 ppm CYA.
7. Tom Kuechler, Isocyanurate Industry Ad Hoc Committee (IIAHC)
(Washington, D.C.)
***SEE “DWQ – Tom Keuchler” DOCUMENT W/ REFERENCES at the
end of this document


Comment:
5.7.3.2.1.1 -- Recommendation: 5.7.3.2.1.1 Cyanuric acid or stabilized
CHLORINE products shall not be used at the following for all new construction,
modifications, or DISINFECTION equipment replacements after the effective
date of this CODE: 1) All indoor increased risk venues requiring secondary
DISINFECTION as per Section 4.7.3.3.1.2 of this CODE; 2) All spas; and 3) All
indoor venues.
Changes to Module/Annex:
Partial agreement. The MAHC has decided that the addition of a safety factor for
stabilized pools (2ppm vs. 1ppm requirement) and the addition of secondary
disinfection to increased risk venues does not warrant further prohibition of
cyanuric acid or stabilized chlorine products from indoor settings or most
increased risk settings. The exception to this is spas because of the high
temperature and biofilm issues (e.g., Legionella, non-tuberculous mycobacteria)
and therapy pools where the users are more likely to include high risk groups for
infections and severe illness (e.g., immunocompromised, elderly)
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Comment:
5.7.3.2.1.2 -- 5.7.3.2.1.1 Outdoor AQUATIC VENUES. The cyanuric acid level at
outdoor AQUATIC VENUES shall not exceed 50 100 PPM (mg/L).
Changes to Module/Annex:
Based on public comment during the review period, MAHC wording is being
altered to increase the upper limit of cyanurate allowed in aquatic venues from 50
to 100 ppm This is being done at this time because:
1)
There are limited data about what the appropriate cyanurate level
should be
2)
The World Health Organization allows an upper limit of 100ppm
cyanurate in swimming pools
Although data demonstrating the decreased efficacy of stabilized chlorine is
abundant, it is not as clear how disinfection is impacted by increasing levels of
cyanurate in the aquatic environment. At this point, the lack of data on the impact
of cyanurate levels on disinfection does not support changing the upper limit for
cyanurate from WHO recommended levels or those found in most U.S. pool
codes. However, the MAHC believes that further data on the role of increasing
cyanurate levels on disinfection are needed. With new data, the discussion about
the appropriate levels of cyanurates that should be allowed in public aquatic
facilities to achieve optimal disinfection and protect public health will need to be
re-visited.
There is extensive evidence demonstrating that CYA inhibits chlorine’s
disinfection capability. As a result, our DWQ Module prohibits CYA use in new
indoor venues, spas, and increased risk venues. Furthermore, where it is
allowed, we have required a higher minimum chlorine level (2 ppm vs. 1 ppm
FAC).
The question now is whether reducing the maximum CYA level from 100 ppm (a
commonly accepted level endorsed by APSP 11 and numerous state codes) to 50
ppm would provide an incremental public health benefit. We don’t believe the
available evidence warrants the lower level. In summary, we note the following:
 The relationship between CYA levels and chlorine efficacy is not
linear. There are clear effects at lower levels, but small additional effects
above 50 ppm. The strongest evidence comes from the Warren &
Ridgeway paper cited in the Annex. This study suggests only small
differences in the level of chlorine required for 99% kill of Staphylococcus
aureus in one minute -- 1.9 ppm chlorine at 50 ppm CYA and 2.15 ppm
chlorine at 100 ppm CYA. The Sommerfeld paper shows little incremental
effect of CYA levels above 50ppm on chlorine’s effectiveness as an
algaecide.
 Data submitted for EPA product registrations and WHO guidelines indicate
that toxicology is not a concern at 100 ppm.
The module already recognizes that hyperchlorination is ineffective for crypto
remediation in the presence of CYA. There would be no meaningful difference
between 50 and 100 ppm CYA.

Public Comment Response for Disinfection and Water Quality Code and Annex
Comment structure: Section – Basis – Recommendation – Reference (if provided)
24



Comment:
ANNEX 5.7.3.2.1 -- The same data is reported in both the deleted reference (in
Japanese) and the added reference (in English). The added reference is more
readily available to the U.S. audience. -- 49 Yamashita T et al. Influence of
cyanuric acid on virucidal effect of chlorine and the comparative study in actual
swimming pool waters. Kansenshogaku Zasshi. 1988 Mar;62(3):200-5. Virucidal
effect of chlorinated water containing cyanuric acid. Epidemiology and Infection.
1988;101(3):631-639. -- REFERENCE: Yamashita T, et al. Virucidal effect of
chlorinated water containing cyanuric acid. Epidemiology and Infection.
1988;101(3):631-639.
Changes to Module/Annex:
Agreed. Reference added since we prefer to show both.
8. Joey Tassin, Sabine Pools and Spas (Lake Charles, Louisiana)



Comment:
5.7.3.2.1.1 -- More research needed. -- Cyanuric acid or stabilized
CHLORINE products shall not be used at the following for all new construction,
modifications, or DISINFECTION equipment replacements after the effective
date of this CODE: 1) All increased risk venues requiring secondary
DISINFECTION as per Section 4.7.3.3.1.2 of this CODE; 2) All spas; and 3) All
indoor venues -- REFERENCE: Banning CYA in these facilities may do more
harm than good. Products manufactured with CYA are the best at insuring
consistent chlorination. By taking these products out of use, you increase the
likelihood that chlorination levels may not be maintained. It appears that current
research does not include all variables related to real life pool operation and the
effects of CYA at various levels
Changes to Module/Annex:
Partial agreement. The MAHC has decided that the addition of a safety factor for
stabilized pools (2ppm vs. 1ppm requirement) and the addition of secondary
disinfection to increased risk venues does not warrant further prohibition of
cyanuric acid or stabilized chlorine products from indoor settings or most
increased risk settings. The exception to this is spas because of the high
temperature and biofilm issues (e.g., Legionella, non-tuberculous mycobacteria)
and therapy pools where the users are more likely to include high risk groups for
infections and severe illness (e.g., immunocompromised, elderly)

9. Michael Robbins, Chemtura Corp (Lawrenceville, GA)
***See “MICHAEL ROBBINS LETTER” at the end of this document.
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Comment:
5.7.3.1.1.2 -- MAHC cited swimming POOL survey data demonstrates that 1.0
PPM (MG/L) FAC provides acceptable bacteriological quality. Peer reviewed
journal article concludes no distinction between stabilized and non-stabilized
pools, since cyanuric acid was not a tested parameter published in the article.
However, it does state that the data surveyed 100 pools, 70 of which were private
household pools. An assumption can be made with relative confidence that a
significant number of these private pools were outdoor, using cyanuric acid
stabilization at varying levels -- Swimming pools and all other aquatic venues
using cyanuric acid: 1.0 ppm (mg/L) --REFERENCE: Esterman A et al.
Determinants of the microbiological characteristics of South Australian swimming
pools. Appl Environ Microbiol. 1984 February; 47(2): 325–328.
Changes to Module/Annex:
The selection of 2.0 PPM (MG/L) for pools using cyanuric acid is supportive of
public health and based on the balance of evidence to account for the potential
effects of cyanuric acid. It is clear that ensuring adequate FAC levels is the most
important parameter for maintaining microbial quality. Substantial laboratory data
shows that kill times for microbial contaminants are increased in the presence of
cyanuric acid. However, the DWQ Technical Committee recognizes that the
precise impacts on CT values in a swimming pool environment are not wellestablished.



Comment:
ANNEX 5.7.3.1.1.3 -- Statement forms a conclusion in absence of required peerreviewed scientific justification, as defined in requirements for code. -- Strike
following statement from paragraph #1: “Because CHLORINE efficacy is reduced
in the presence of cyanuric acid, higher FAC levels may be necessary for POOLS
using cyanuric acid or stabilized CHLORINE.”
Changes to Module/Annex:
The referenced statement on cyanuric acid and chlorine efficacy is based on the
balance of evidence. The Annex references numerous peer-reviewed laboratory
studies indicating that kill times for microbial contaminants are increased in the
presence of cyanuric acid.
It is recognized, however, that the precise impacts on CT values in a swimming
pool environment are not well-established.
Additional discussion should be added to the Annex to read:
Substantial laboratory data shows that kill times for microbial contaminants
are increased in the presence of cyanuric acid. However, the precise impacts
on CT values in a swimming pool environment are not well-established. In
general, studies show that the presence of CYA up to 50 MG/L increase CT
values under demand free conditions, and the amount of this increase
depends upon the pH and the ratio of CYA to available chlorine. Studies
suggest that this effect is mitigated with the addition of ammonia nitrogen as
low as 0.05 MG/L.
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Comment:
ANNEX 5.7.3.1.1.3-- Citation contradicts statement it supports. Article concludes,
“No statistically significant correlation was found between the concentrations of
mycobacteria and water temperature (mean 28•7 °C; S.D. 1•1 °C), free residual
chlorine (mean 0•52 mg l_1; S.D. 0•16 mg l_1) and ammonia (mean 0•86 mg l_1;
S.D. 0•35 mg l_1).” It goes on to state, “Unlike the study of Daillaoux et al.
(1980)), no statistical correlation was found between mycobacteria densities and
free chlorine concentrations in pool water.” -- Strike citation reference #24 -REFERENCE: Leoni E et al. Risk of infection associated with microbiological
quality of public swimming pools in Bologna, Italy. Public Health. 1999 Sep;
113(5):227-32.
Changes to Module/Annex:
Annex will be revised to strike reference 24.



Comment:
ANNEX 5.7.3.1.1.3 -- The Andersen study was performed in chlorine demandfree water. In this citation Andersen states, “Results obtained in a laboratory can
rarely be perfectly correlated with actual practice and it is emphasized that these
data were not obtained at swimming pool sites or with actual swimming pool
water. Therefore, these results may only serve as an indication of the change in
the bactericidal effectiveness of chlorine as affected by cyanuric acid in a pool.”
In addition to the real world applicability caveat, Andersen only performs his
study at varying FAC concentrations ≤1 ppm. Therefore, Andersen forms no
conclusion as to the relative statistical significance of chlorine efficacy at varying
cyanuric acid concentrations for the stated MAHC level of 2.0 ppm with cyanuric
acid, or the range of FAC levels currently mandated by the states. Provided
citations show cyanuric acid to have no statistically significant effect when
evaluated in real swimming pools. -- Strike bullet Cyanuric Acid - Because
CHLORINE efficacy is reduced in the presence of cyanuric acid, higher FAC
levels may be necessary for POOLS using cyanuric acid or stabilized
CHLORINE. -- REFERENCES:
o Anderson JR. A study of the influence of cyanuric acid on the bactericidal
effectiveness of chlorine. Am J Public Health Nations Health. 1965 Oct;
55(10):1629-37.
o Swatek, F.E., Raj, H., Kalbus, G.E. 1967, “Cyanuric Acid – A Laboratory
Evaluation Using Swimming Pool Water.” (Paper presented at the 10th
annual convention of the National Swimming Pool Institute, Las Vegas,
Nevada, January, 1967).
o L.F. Rakestraw, G.D. Nelson, D.M. Flanery, M. Pabst, E. Gregos, A.M.
Plumridge, R.M. Valtimo. “A Comprehensive study on the microbicidal
properties of stabilized and unstabilized chlorine and the relationships of
other chemical and physical variables in public swimming pools; a report
of a study carried out in Pinellas County, Florida. Summer/Fall. 1992.”
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Occidental Chemical Corp. and Pinellas County Public Health Unit. Nov.
1994. Reissued 2004.
o Kowalski, X., and Hilton, T.B. 1964. In-use Studies of Chlorinated
Cyanurates as Swimming Pool Water Disinfectants. Report from Research
Department, Inorganic Chemicals Division, Monsanto Company, St. Louis,
Missouri.
o Ditzel, R.G., Matzer, E.A. and Symes, W.R. 1961. “New Data on the
Chlorinated Cyanurates.” Swimming Pool Age 35: No. 10.
o Fitzgerald, G.P., DeVartanian, M.E. 1969. “Pseudomonas aeruginosa for
the Evaluation of Swimming Pool Chlorination and Algicides.” Applied
Microbiology 17, No. 3, pp. 415-421.
Changes to Module/Annex:
The Annex references numerous peer-reviewed laboratory studies indicating that
kill times for microbial contaminants are increased in the presence of cyanuric
acid. Several of these could be cited here to further support this statement.
As discussed above, additional discussion should be added to the Annex to read:
Substantial laboratory data shows that kill times for microbial contaminants are
increased in the presence of cyanuric acid. However, the precise impacts on CT
values in a swimming pool environment are not well-established. In general,
studies show that the presence of CYA up to 50 MG/L increase CT values under
demand free conditions, and the amount of this increase depends upon the pH
and the ratio of CYA to available chlorine. Studies suggest that this effect is
mitigated with the addition of ammonia nitrogen as low as 0.05 MG/L.


Comment:
ANNEX 5.7.3.1.1.3 -- Fitzgerald reference directly contradicts conclusion
statement. Fitzgerald repeats Andersen, to confirm similar results in chlorine
demand free water. However, Fitzgerald then extends the study to include low
levels of ammonia to simulate non chlorine demand free conditions inherent to
real pools and concludes, “At concentrations of ammonia nitrogen greater than
0.05 mg per liter, faster rates of kill of S. faecalis were obtained with 100 mg of
cyanuric acid per liter plus 0.5 mg of chlorine per liter than with 0.5 mg of chlorine
per liter alone.” Fitzgerald goes on to conclude, “At ammonia nitrogen levels of
less than 0.05 mg per liter, the presence of 100 mg of cyanuric acid per liter
required a longer time for a 99.9% kill of the bacteria added than in systems
without cyanuric acid. However, at concentrations of ammonia nitrogen of 0.075
mg per liter and higher, 100 mg of cyanuric acid per liter appeared to decrease
the time required for 99.9% kill of bacteria. Related studies have indicated that
lesser concentrations of cyanuric acid (25 and 50 mg per liter) have similar but
less effective effects on the kill rate of chlorine with S. faecalis in the presence of
ammonia.” -- Strike bullet Cyanuric Acid - Because CHLORINE efficacy is
reduced in the presence of cyanuric acid, higher FAC levels may be necessary for
POOLS using cyanuric acid or stabilized CHLORINE. – REFERENCE:
Fitzgerald GP, DerVartanian ME. Factors influencing the effectiveness of
swimming pool bactericides. Appl Microbiol. 1967 May;15(3):504-9
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Changes to Module/Annex:
The Annex references numerous peer-reviewed laboratory studies indicating that
kill times for microbial contaminants are increased in the presence of cyanuric
acid. Several of these could be cited here to further support this statement.
As discussed above, additional discussion should be added to the Annex to read:
Substantial laboratory data shows that kill times for microbial contaminants are
increased in the presence of cyanuric acid. However, the precise impacts on CT
values in a swimming pool environment are not well-established. In general,
studies show that the presence of CYA up to 50 MG/L increase CT values under
demand free conditions, and the amount of this increase depends upon the pH
and the ratio of CYA to available chlorine. Studies suggest that this effect is
mitigated with the addition of ammonia nitrogen as low as 0.05 MG/L.


Comment:
ANNEX 5.7.3.1.1.3 -- Inadequate substantiation in the form of notable, peer
reviewed scientific justification. Golaszewski is published in a foreign publication
in a foreign language that precludes it from widespread stakeholder review to
gauge its significance. Acceptance of Golaszewski undermines designed
transparency of MAHC process. -- Strike bullet Cyanuric Acid - Because
CHLORINE efficacy is reduced in the presence of cyanuric acid, higher FAC
levels may be necessary for POOLS using cyanuric acid or stabilized CHLORINE.
-- REFERENCE: Golaszewski G et al. The kinetics of the action of
chloroisocyanurates on three bacteria: Pseudomonas aeruginosa, Streptococcus
faecalis, and Staphylococcus aureus. Water Research 1994; 28(1): 207-217.
Changes to Module/Annex:
This publication is available online, with an English language abstract. While the
full article is in French, the relevant data tables are readily understandable.



Comment:
ANNEX 5.7.3.1.1.3 -- Recent work by Blatchley regarding UV photolysis of
disinfection byproducts show that UV may create some forms of chlorine demand
while reducing others. -- Under Secondary Disinfection bullet- While the minimum
FAC level must be maintained in all pools, approved Secondary Disinfection
Systems such as UV and ozone reduce risks from chlorine-resistant pathogens
and may reduce chlorine demand. However, recent work also suggests that UV
may also contribute to some forms of chlorine demand.
Changes to Module/Annex:
Blatchley’s group has published relevant research on UV and chlorine demand.
Weng et al. (2012) concludes:
The results indicate that UV254 irradiation promotes several reactions that are
involved in the formation and/or destruction of chlorinated N-DBPs in pool
settings. Enhancement of DBP formation was consistent with a mechanism
whereby a rate-limiting step in DBP formation was promoted by UV exposure.
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Promotion of these reactions also resulted in increases of free chlorine
consumption rates.
Annex language revised to read:
Secondary DISINFECTION: While the minimum FAC level must be
maintained in all POOLS, approved SECONDARY DISINFECTION SYSTEMS such as UV
and ozone reduce risks from CHLORINE-resistant pathogens and may reduce
chlorine demand. However, the effects of UV/chlorine on water chemistry are still
largely undefined. Recent research suggests that UV can increases some forms
of chlorine demand.


Comment:
ANNEX 5.7.3.1.2 -- Places further context to the statement by defining the
relative oxidizing potential of hypobromous acid to hypochlorous acid. -- Under
disinfection section, last sentence: Further, hypobromous acid is a weaker
oxidizer than hypochlorous acid, exhibiting an oxidation potential factor of 0.9
when normalized to hypochlorous acid. As a consequence of these two
differences, exogenous oxidation of brominated waters (e.g. shocking with
chlorine, or supplemental oxidation with either ozone or potassium
monopersulfate) is as important for safe operation as it is in chlorinated waters.
Changes to Module/Annex:
Agreed. Deleted wording. (e.g. shocking with CHLORINE, or supplemental OXIDATION with
either ozone or potassium monopersulfate)



Comment:
ANNEX 5.7.3.1.2 -- No data is presented to indicate organic bromamines are
non-biocidal. In addition, the following section on bromamines confirms that by
stating the technical committee was unable to locate data on the efficacy of
organic bromamines. Therefore, the statement as proposed clears up any
contradiction in the absence of credible data. -- Within top paragraph, last
sentence: Further, presently used field test kits assay only for total bromine.
Changes to Module/Annex:
Agreed change as suggested … added
Further, presently used field test kits assay only for total bromine.



Comment:
ANNEX 5.7.3.2.1 -- Robinton and Mood tested in chlorine demand free water,
which is questionable in regard to its applicability to water with bather waste as
shown by Fitzgerald. Robinton and Mood tested at chlorine levels below the
recommended minimum range by MAHC, or below any range currently mandated
by state regulatory agencies. The included statement must be accompanied by
the supporting context for stakeholders to assess the significance of the citation. -Strike first sentence, “Minimum chlorine levels should be increased by a factor of
at least two when using CYA.” Add the following sentences at the end of the
paragraph for proper context: “For instance, Robinton and Mood found that to
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achieve a 30 second 99.999% inactivation of Escherichia coli in the presence of
50 ppm cyanuric acid relative to 0 ppm cyanuric acid, FAC concentrations must
increase from <0.11 ppm to 0.97 ppm for calcium hypochlorite, <0.11 ppm to 0.80
ppm for trichloroisocyanuric acid, and <0.11 ppm to >0.80 ppm for potassium
dichloroisocyanuric acid. Additionally, to achieve a 2 minute 99.999% inactivation
of Streptococcus faecialis in the presence of 50 ppm cyanuric acid relative to 0
ppm cyanuric acid, FAC must increase from <0.10 ppm to 0.51 ppm for calcium
hypochlorite, <0.11 ppm to 0.42 ppm for trichloroisocyanuric acid, and 0.11 ppm
to 0.43 ppm for potassium dichloroisocyanuric acid. And, to achieve a 5 minute
99.999% inactivation of Staphylococcus aureus of 50 ppm cyanuric acid relative
to 0 ppm cyanuric acid, FAC must increase from <0.40 ppm to 1.64 ppm for
calcium hypochlorite, <0.61 ppm to >0.90 ppm for trichloroisocyanuric acid, and
0.64 ppm to >1.62 ppm for potassium dichloroisocyanuric acid.” -REFERENCE: Robinton ED et al. An evaluation of the inhibitory influence of
cyanuric acid upon swimming pool disinfection. Am J Public Health. 1967
Feb;57(2):301-10
Changes to Module/Annex:
Language added from earlier comment addresses this comment. (5.7.3.1.1.3)


Comment:
5.7.3.2.1.1 -- No data has been presented to suggest either a correlation or the
existence of a causal relationship to show reduced performance of secondary
disinfection systems in pools including the presence of cyanuric acid relative to
pools without cyanuric acid. The requirement for secondary disinfection in
venues deemed high risk by the committee is independent from cyanuric acid
and therefore should not be linked in the code. -- Strike 1) All increased risk
venues requiring secondary disinfection as per Section 4.7.3.3.1.2 of this code
Changes to Module/Annex:
Partial agreement although no correlation was mentioned or intended. The
MAHC has decided that the addition of a safety factor for stabilized pools (2ppm
vs. 1ppm requirement) and the addition of secondary disinfection to increased
risk venues does not warrant further prohibition of cyanuric acid or stabilized
chlorine products from indoor settings or most increased risk settings. The
exception to this is spas because of the high temperature and biofilm issues
(e.g., Legionella, non-tuberculous mycobacteria) and therapy pools where the
users are more likely to include high risk groups for infections and severe illness
(e.g., immunocompromised, elderly)
.



Comment:
5.7.3.2.1.1 -- No peer reviewed citations or substantiating data has been
presented to show a significant causal relationship between a reduction in
chlorine efficacy in the presence of cyanuric acid at the minimum FAC level of
3.0 mg/L recommended by the MAHC -- Strike 2) All Spas from this section
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Changes to Module/Annex:
Many codes across the country have increased levels required if cyanurates are
used. The MAHC has decided that the addition of a safety factor for stabilized
pools (2ppm vs. 1ppm requirement) and the addition of secondary disinfection to
increased risk venues does not warrant further prohibition of cyanuric acid or
stabilized chlorine products from indoor settings or most increased risk settings.
The exception to this is spas because of the high temperature and biofilm issues
(e.g., Legionella, non-tuberculous mycobacteria) and therapy pools where the
users are more likely to include high risk groups for infections and severe illness
(e.g., immunocompromised, elderly)
No change to existing language. See MAHC Annex Section 5.7.3.2.1.


Comment:
5.7.3.2.1.1 -- The pluralities of indoor pool facilities are located in external
rooms with windows exposing them to natural sunlight. It is well established that
typical window glass is penetrable by UV radiation in the UVA range: λ= 315-400
nm. Nowell and Hoignet show that, “in sunlight, absorbance in the wavelength
region of λ = 320 – 340 nm controls for the most part the rate of chlorine
photolysis”. Consequently, indoor facilities exposed to natural sunlight are not
immune to chlorine photolysis, of which cyanuric acid stabilizer remains an
important tool for pool management. -- Strike 3) All Indoor Venues from section
-- REFERENCE: Nowell, L., and Hoigné, J., “Photolysis of aqueous chlorine at
sunlight and ultraviolet wavelengths—I. Degradation rates”, Water Research,
Volume 26, Issue 5, (May 1992), pp. 593-598
Changes to Module/Annex:
Partial agreement. The MAHC has decided that the addition of a safety factor for
stabilized pools (2ppm vs. 1ppm requirement) and the addition of secondary
disinfection to increased risk venues does not warrant further prohibition of
cyanuric acid or stabilized chlorine products from indoor settings or most
increased risk settings. The exception to this is spas because of the high
temperature and biofilm issues (e.g., Legionella, non-tuberculous mycobacteria)
and therapy pools where the users are more likely to include high risk groups for
infections and severe illness (e.g., immunocompromised, elderly)



Comment:
5.7.3.2.1.2.1 -- No data has been presented to distinguish 50 ppm as being an
acceptable limit, while concurrently showing levels above 50 ppm to be
significantly different. The presented studies rely on data generated under
controlled, demand free laboratory conditions that fails to represent actual
conditions within real swimming pools. Fitzgerald and Warren each conclude that
nitrogenous compounds from bather waste such as ammonia, urea, and
creatinine show drastic reduction in chlorine efficacy, independent of the presence
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of cyanuric acid. Fitzgerald showed, “It is evident from the data presented that the
addition of as little as 0.05 mg of ammonia nitrogen per liter will cause a decrease
in the bactericidal properties of the chlorine, the time- for 99.9% kill of the bacteria
in these tests increasing from 0.25 min or less to approximately 20 min with the
addition of 0.05 mg of ammonia nitrogen per liter.” This reduction is significantly
greater than any of the presented citations used to substantiate a 50 ppm limit to
cyanuric acid, and better represents actual conditions in a real swimming pool. -The cyanuric acid level at outdoor aquatic venues shall remain below 200 ppm
(mg/L). -- REFERENCE: Fitzgerald GP, DerVartanian ME. Factors influencing
the effectiveness of swimming pool bactericides. Appl Microbiol. 1967
May;15(3):504-9
Changes to Module/Annex:
Based on public comment during the review period, MAHC wording is being
altered to increase the upper limit of cyanurate allowed in aquatic venues from 50
to 100 ppm This is being done at this time because:
1)
There are limited data about what the appropriate cyanurate level
should be
2)
The World Health Organization allows an upper limit of 100ppm
cyanurate in swimming pools
Although data demonstrating the decreased efficacy of stabilized chlorine is
abundant, it is not as clear how disinfection is impacted by increasing levels of
cyanurate in the aquatic environment. At this point, the lack of data on the impact
of cyanurate levels on disinfection does not support changing the upper limit for
cyanurate from WHO recommended levels or those found in most U.S. pool
codes. However, the MAHC believes that further data on the role of increasing
cyanurate levels on disinfection are needed. With new data, the discussion about
the appropriate levels of cyanurates that should be allowed in public aquatic
facilities to achieve optimal disinfection and protect public health will need to be
re-visited.
There is extensive evidence demonstrating that CYA inhibits chlorine’s
disinfection capability. As a result, our DWQ Module prohibits CYA use in new
indoor venues, spas, and increased risk venues. Furthermore, where it is
allowed, we have required a higher minimum chlorine level (2 ppm vs. 1 ppm
FAC).
The question now is whether reducing the maximum CYA level from 100 ppm (a
commonly accepted level endorsed by APSP 11 and numerous state codes) to 50
ppm would provide an incremental public health benefit. We don’t believe the
available evidence warrants the lower level. In summary, we note the following:
 The relationship between CYA levels and chlorine efficacy is not
linear. There are clear effects at lower levels, but small additional effects
above 50 ppm. The strongest evidence comes from the Warren &
Ridgeway paper cited in the Annex. This study suggests only small
differences in the level of chlorine required for 99% kill of Staphylococcus
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aureus in one minute -- 1.9 ppm chlorine at 50 ppm CYA and 2.15 ppm
chlorine at 100 ppm CYA. The Sommerfeld paper shows little incremental
effect of CYA levels above 50ppm on chlorine’s effectiveness as an
algaecide.
 Data submitted for EPA product registrations and WHO guidelines indicate
that toxicology is not a concern at 100 ppm.
The module already recognizes that hyperchlorination is ineffective for crypto
remediation in the presence of CYA. There would be no meaningful difference
between 50 and 100 ppm CYA.


Comment:
5.7.3.2.1.2.1 -- Measured reduction in FAC efficacy at increasing cyanuric acid
concentrations in controlled, demand free laboratory studies have shown the
effect to be non-linear. Cited studies by Warren and Ridgway, taken verbatim from
MAHC annex, conclude,”higher concentrations of cyanuric acid resulted in little to
modest further increases in CT over that for 50 MG/L cyanuric acid. For example,
the data suggest that for 50, 100 and 200 MG/L of cyanuric acid, the level of
CHLORINE required for 99% kill of Staphylococcus aureus in one minute would
be 1.9, 2.15 and 2.5 MG/L respectively. Warren goes on to conclude with respect
to chloroisocyanurates, “Proof of their effectiveness has been shown by ample
field experience in Britain; they have been successfully in the presence of up to
200 mg/l of cyanuric acid.” -- The cyanuric acid level at outdoor aquatic venues
shall remain below 200 ppm (mg/L). -- REFERENCE: Warren IC et al.
Swimming pool disinfection. Investigations on behalf of the Department of the
Environment into the practice of disinfection of swimming pools during 1972 to
1975. Water Research Centre, Henly-on-Thames, England, 35 pp., Oct 1978.
Changes to Module/Annex:
Based on public comment during the review period, MAHC wording is being
altered to increase the upper limit of cyanurate allowed in aquatic venues from 50
to 100 ppm This is being done at this time because:
1)
There are limited data about what the appropriate cyanurate level
should be
2)
The World Health Organization allows an upper limit of 100ppm
cyanurate in swimming pools
Although data demonstrating the decreased efficacy of stabilized chlorine is
abundant, it is not as clear how disinfection is impacted by increasing levels of
cyanurate in the aquatic environment. At this point, the lack of data on the impact
of cyanurate levels on disinfection does not support changing the upper limit for
cyanurate from WHO recommended levels or those found in most U.S. pool
codes. However, the MAHC believes that further data on the role of increasing
cyanurate levels on disinfection are needed. With new data, the discussion about
the appropriate levels of cyanurates that should be allowed in public aquatic
facilities to achieve optimal disinfection and protect public health will need to be
re-visited.
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There is extensive evidence demonstrating that CYA inhibits chlorine’s
disinfection capability. As a result, our DWQ Module prohibits CYA use in new
indoor venues, spas, and increased risk venues. Furthermore, where it is
allowed, we have required a higher minimum chlorine level (2 ppm vs. 1 ppm
FAC).
The question now is whether reducing the maximum CYA level from 100 ppm (a
commonly accepted level endorsed by APSP 11 and numerous state codes) to 50
ppm would provide an incremental public health benefit. We don’t believe the
available evidence warrants the lower level. In summary, we note the following:
 The relationship between CYA levels and chlorine efficacy is not
linear. There are clear effects at lower levels, but small additional effects
above 50 ppm. The strongest evidence comes from the Warren &
Ridgeway paper cited in the Annex. This study suggests only small
differences in the level of chlorine required for 99% kill of Staphylococcus
aureus in one minute -- 1.9 ppm chlorine at 50 ppm CYA and 2.15 ppm
chlorine at 100 ppm CYA. The Sommerfeld paper shows little incremental
effect of CYA levels above 50ppm on chlorine’s effectiveness as an
algaecide.
 Data submitted for EPA product registrations and WHO guidelines indicate
that toxicology is not a concern at 100 ppm.
The module already recognizes that hyperchlorination is ineffective for crypto
remediation in the presence of CYA. There would be no meaningful difference
between 50 and 100 ppm CYA.


Comment:
5.7.3.2.1.2.1 -- The landmark study conducted in conjunction with the health
department in Pinellas County, FL that studied the impact of cyanuric acid in
actual swimming pools over the course of a summer concluded the following as it
relates to cyanuric acid: 1. The proportion of bacteriologically unsatisfactory pools
did not increase in the stabilized chlorine treated pools even when the cyanuric
acid concentration exceeded 100 ppm. 2. Adding pH and cyanuric acid as pool
judgment criteria did not increase the relative ratio of bacteriologically satisfactory
to-unsatisfactory pools; it only decreased the number of pools that would be
deemed satisfactory for swimming by the sanitarian or pool operator. These
conclusions were independently verified by the Weidenbach Thesis by the Rollins
School of Public Health at Emory University, where Weidenbach concluded,
“cyanuric acid was not a statistically significant predictor of bacterial concentration
in any of the bacterial models. Alternatively, the absence of cyanuric acid as a
predictor in the bacterial models also suggests that cyanuric acid may not
significantly hinder the bactericidal effectiveness of free chlorine, which is also
supported by the finding that the form of disinfectant (hypochlorites versus
isocyanurates) was not an important predictor of free chlorine concentration.” -The cyanuric acid level at outdoor aquatic venues shall remain below 200 ppm
(mg/L). -- REFERENCE: L.F. Rakestraw, G.D. Nelson, D.M. Flanery, M. Pabst,
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E. Gregos, A.M. Plumridge, R.M. Valtimo. “A Comprehensive study on the
microbicidal properties of stabilized and unstabilized chlorine and the relationships
of other chemical and physical variables in public swimming pools; a report of a
study carried out in Pinellas County, Florida. Summer/Fall.
Changes to Module/Annex:
No change to code language. The Pinellas County HD study is NOT a peer
reviewed study. We are aware of the study and the paper published from the data
8 years later. The study was done prior to the capability for DNA or PCR testing.
Technology has progressed and a repeat of the study may well be a research
subject but the study was an ecologic study that was not designed to test the
impact of increasing levels of cyanurate on disinfection. A well-designed,
systematic study to study this would be worth conducting.


Comment:
ANNEX 5.7.3.2.1 -- See above regarding exposure of indoor facilities to natural
sunlight. Fitzgerald proves a difference between behaviors observed under
controlled, demand free laboratory conditions and conditions that include
common nitrogenous bather waste. In addition, no scientifically supported
substantiation given for assertion that the addition of cyanuric acid in an indoor
environment reduces the oxidation potential, as required by the MAHC process. 
- Strike indoor pools section
Changes to Module/Annex:
Partial agreement. The MAHC has decided that the addition of a safety factor for
stabilized pools (2ppm vs. 1ppm requirement) and the addition of secondary
disinfection to increased risk venues does not warrant further prohibition of
cyanuric acid or stabilized chlorine products from indoor settings or most
increased risk settings. The exception to this is spas because of the high
temperature and biofilm issues (e.g., Legionella, non-tuberculous mycobacteria)
and therapy pools where the users are more likely to include high risk groups for
infections and severe illness (e.g., immunocompromised, elderly)



Comment:
ANNEX 5.7.3.2.1 -- The inserted text frames the conclusions of the cited studies
in the proper context, illustrating the conditions under which the substantiating
studies were conducted and the observed differences when studies attempt to
simulate further toward real pool conditions through the addition of nitrogenous
bather waste constituents. -- Under Effects of CYA section, 2nd sentence: In
general, they show that the presence of CYA up to 50 MG/L increase CT values
under demand free conditions in controlled, laboratory studies, and the amount of
this increase depends upon the pH and the ratio of CYA to available chlorine.
Studies suggest that this effect is mitigated with the addition of ammonia nitrogen
as low as 0.05 MG/L. -- REFERENCE: Fitzgerald GP, DerVartanian ME. Factors
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influencing the effectiveness of swimming pool bactericides. Appl Microbiol. 1967
May;15(3):504-9
Changes to Module/Annex:
Language added from earlier comment addresses this comment. (5.7.3.1.1.3)


Comment:
ANNEX 5.7.3.2.1 -- Statement not substantiated by peer reviewed, scientifically
vetted citation. Listed citation is for a study that evaluated the effects of varied
halogen sanitation programs on skin irritation; which did not address the chlorine
efficacy/cyanuric acid relationship that is alluded to in the Annex. -- Strike 1st
sentence of 2nd paragraph: Studies examining the effect of cyanuric acid on the
DISINFECTION capacity of CHLORINE show that using cyanuric acid or
stabilized CHLORINE slows down the inactivation times on bacteria, algae,
protozoa (Naegleria gruberi and Cryptosporidium parvum), and viruses.42
Changes to Module/Annex:
Language added from earlier comment addresses this comment. (5.7.3.1.1.3)



Comment:
ANNEX 5.7.3.2.1 -- Modification and additional statements place the Yamashita
citation in broader context. Since Yamashita was originally published in a foreign
journal with a foreign language, additional text provides further information for
evaluation of significance by those stakeholders who are unable to access the
English translation of the foreign citation. In addition, additional text further
explains the relative significance of the data as it relates to the recommendation
it is intended to substantiate that reduces the maximum permitted cyanuric acid
concentration from the consensus industry standard of 100 MG/L as published by
APSP to the MAHC recommendation of 50 MG/L. -- Modify 2nd sentence of 2nd
paragraph: Yamashita et al concluded that the time required for 99.9%
inactivation of ten enteroviruses and two adenoviruses by 0.5 MG/L free
available chlorine at pH 7.0 and 25°C was prolonged approximately 4.8-28.8
times by the addition of 30 MG/L cyanuric acid. The reported data was collected
under laboratory controlled, chlorine-buffered distilled water conditions. However,
Yamashita et al did not formulate any conclusions based upon an evaluation of
the virucidal effect of chlorine at FAC levels above typical state mandated
minimum free available chlorine of 1.0 MG/L or higher, nor did Yamashita
evaluate at length the comparative effect of cyanuric acid at any concentration
higher than 30 MG/L. In addition, Yamashita et al found the time required for
99.9% inactivation of poliovirus 1 by 0.5 MG/L free available chlorine with 1.0,
5.0, and 60.0 MG/L cyanuric acid was 2.0, 3.5, and 6.6 min; indicating a non
linearity of viral inhibition under laboratory controlled, chlorine-buffered distilled
water conditions above the studied 30 MG/L cyanuric acid standard. -REFERENCE: Yamashita, T., Sakae, K., Ishihara, Y., Isomura, S., and Inoue,
H., “Virucidal effect of chlorinated water containing cyanuric acid”, Epidemiology
and Infection, Vol 101 (1988), pp. 631-639
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Changes to Module/Annex:
Partial agreement although no correlation was mentioned or intended. The
MAHC has decided that the addition of a safety factor for stabilized pools (2ppm
vs. 1ppm requirement) and the addition of secondary disinfection to increased
risk venues does not warrant further prohibition of cyanuric acid or stabilized
chlorine products from indoor settings or most increased risk settings. The
exception to this is spas because of the high temperature and biofilm issues
(e.g., Legionella, non-tuberculous mycobacteria) and therapy pools where the
users are more likely to include high risk groups for infections and severe illness
(e.g., immunocompromised, elderly)


Comment:
ANNEX 5.7.3.2.1 -- Yamashita and Saitka are unavailable for peer review. Each
is an obscure publication published in Japanese, where neither qualifies for the
scientifically vetted, peer reviewed standard. The previous Yamashita citation that
was published in several journals beyond the original publication showed to be
marginally irrelevant, as it focused solely on conditions of free available chlorine
levels well below any US standard with cyanuric acid concentrations of 0 & 30
ppm. Neither of the additional Yamashita nor the Saitka citations can be
presumed to offer any additional information beyond the original Yamashita
citation. -- References 50 & 51 should be invalidated for use to substantiate any
position and stricken from the Annex.
Changes to Module/Annex:
Previously addressed



Comment:
ANNEX 5.7.3.2.1 -- Statement directly contradicts the citation. Verbatim from the
Sommerfeld abstract reads, “Cyanuric acid, used as chlorine stabilizer in
swimming pool waters, has a relatively minor effect on the algicidal efficiency of
free chlorine. The toxicity of free chlorine to three swimming pool algae was
reduced slightly by 25 mg of cyanuric acid per liter if inhibiting, but less than
algicidal, concentrations of chlorine were employed. Higher stabilizer
concentrations (50, 100, and 200 mg/liter) generally resulted in no further
reduction in the algicidal efficiency of free chlorine beyond that observed at 25
mg/liter.” The current statement deliberately distorts the context of the conclusions
of the Sommerfeld study. -- Strike 2nd sentence from 2nd paragraph: Likewise,
algaecidal activity was reduced in the presence of cyanuric acid. If the committee
wants to include reference to chlorines behavior as an algaecide in the presence
of cyanuric acid, you should include the appropriate text from the citation:
“Cyanuric acid, used as chlorine stabilizer in swimming pool waters, has a
relatively minor effect on the algicidal efficiency of free chlorine. The toxicity of
free chlorine to three swimming pool algae was reduced slightly by 25 mg of
cyanuric acid per liter if inhibiting, but less than algicidal, concentrations of
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chlorine were employed. Higher stabilizer concentrations (50, 100, and 200
mg/liter) generally resulted in no further reduction in the algicidal efficiency of free
chlorine beyond that observed at 25 mg/liter.” -- REFERENCE: Sommerfeld
MR, Adamson RP. Influence of stabilizer concentration on effectiveness of
chlorine as an algicide. Appl Environ Microbiol. 1982 Feb; 43(2):497-9.
Changes to Module/Annex:
Understood. Wording of sentence has been altered.


Comment:
ANNEX 5.7.3.2.1 -- Adds context to the statement. -- Modify 3rd sentence of 2nd
paragraph to read: There are few data regarding protozoa and the effect of CYA
on inactivation though the DISINFECTION rate for Naegleria gruberi was reduced
by cyanuric acid in laboratory controlled, chlorine demand free conditions. Engel
found the calculated CT value in the presence of cyanuric acid at pH 7.0 to be
13.9. -- REFERENCE: Engel J P et al. Inactivation of Naegleria gruberi cysts by
chlorinated cyanurates. Appl Environ Microbiol. 1983; 46:1157–1162.
Changes to Module/Annex:
Added: “in laboratory controlled, chlorine demand free conditions.”



Comment:
ANNEX 5.7.3.2.1 -- Additional text provides further information as to the Shields
study, and articulates the challenge of applying laboratory data to real world
situations as deemed significant in previous CDC funded studies regarding
Cryptosporidium. -- Modify 1st sentence of the 3rd paragraph to read: Shields et
al extended the previous findings by demonstrating that cyanuric acid
significantly decreases the rate of inactivation of Cryptosporidium parvum
oocysts in laboratory controlled, chlorine demand free conditions. However, as
previously stated by Carpenter et al, “Ct values calculated under oxidant
demand-free laboratory conditions for disinfection of microorganisms such as
Cryptosporidium may not be directly applicable to recreational water
environments where additional organic material, such as urine, feces, hair,
sweat, sloughed cells, and lotion, is present, pH is controlled, and calcium
concentration is elevated.” -- REFERENCE:
o Shields JM et al. The effect of cyanuric acid on the disinfection rate of
Cryptosporidium parvum in 20ppm free chlorine. J Water Health. 2009
Mar;7(1):109-14
o Carpenter C, Fayer R, Trout J, Beach MJ. Chlorine Disinfection of
Recreational Water for Cryptosporidium parvum. Emerg Infect Dis. 1999,
Aug.
Changes to Module/Annex:
It is not clear how trying to combine these two statements from two different
publications helps the commenter’s case. It is likely that under the extreme pool
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conditions cited in Carpenter that oxidation and inactivation is even worse and
therefore reducing efficacy with stabilizers would be even more of a problem.


Comment:
ANNEX 5.7.3.2.1 -- Corrects the citation and places the statement in the proper
context of the study. -- Reference for the 2nd paragraph addressing
Pseudomonas is inaccurate. It is the 1969 Fitzgerald study that details
Pseudomonas, not the 1967 as cited. Also, add the following sentence after the
1st sentence in the paragraph, ”Although, when studied in conjunction of
ammonia, Fitzgerald found concentrations of 25, 50, and 100 mg of cyanuric acid
per liter had little effect on the kill rate of 0.5 mg of chlorine plus 0.1 mg of NH4-N
per liter; however, cyanuric acid did reduce the time required for 99.9% kills when
tested in the presence of higher concentrations of ammonia. -- REFERENCE:
Fitzgerald GP, DerVartanian ME. Pseudomonas aeruginosa for the evaluation of
swimming pool chlorination and algicides. Appl Microbiol. 1969 Mar;17(3):415
Changes to Module/Annex:
Wording inserted in later section. Fitzgerald 1969 added to references. No
reference was made to Pseudomonas in this section so the Fitzgerald 1967
reference is appropriate as well. The Fitzgerald 1969 reference underscores the
inhibition of kill times by cyanurates and the need to maintain free chlorine levels
higher than those tested by Fitzgerald (0.25, 0.5 ppm). More research is clearly
needed on the ammonia finding.



Comment:
ANNEX 5.7.3.2.1 -- The statement included in the Annex does draw direct
conclusion from Favero. However, Favero also states, “In several of the small
private pools the chlorine concentrations, at times, fell to a very low level…Since
little or no chlorine was present, microbial growth in the pool waters could have
occurred very easily. It is our belief that high total counts in such low-use pools
with erratic care are of little significance.” With these statements, Favero was
referring to the total coliform counts taken from the few private pools of the 12
pool sample. However, when Favero moves to the Pseudomonas section, it is not
distinguished whether the private DCCA pools showing Pseudomonas were
among these small, private pools that exhibited little chlorine. Therefore, a
conclusion cannot be drawn that the Pseudomonas population existed due to the
presence of an unknown concentration of cyanuric acid, or whether it existed due
to previously reported low chlorine residuals. In that regard, the Favero findings
are inconclusive. -- Strike the 3rd paragraph that showcases Favero. -REFERENCE: Favero, MS et al. Use of staphylococci as indicators of swimming
pool. Public Health Rep. 1964 Jan;79:61-70.
Changes to Module/Annex:
The MAHC is simply restating the findings from the paper and not drawing
conclusions. One can look at each paper and find shortcomings as with any
scientific paper. The point in this section is that the data from the collection of

Public Comment Response for Disinfection and Water Quality Code and Annex
Comment structure: Section – Basis – Recommendation – Reference (if provided)
40

papers presented all show inhibition of kill times when the water is stabilized.


Comment:
ANNEX 5.7.3.2.1 -- No data has been presented to substantiate that when CYA
is greater than 50 ppm, it interferes with ORP controllers or reduces the oxidation
potential of the water. -- Strike the 1st paragraph under the CYA and ORP
Controllers/Interferences section heading
Changes to Module/Annex:
Agreed. Wording deleted.
10. Tom Lachocki, NSPF (Colorado Springs, Colorado)



Comment:
5.7.3.1.1.2 -- This puts this guideline in direct conflict with federal law (FIFRA)
that requires 1-4 ppm. This is kind of true since 2 is within the label directions.
However, if the operator gets conflicting recommendations from two federal
agencies, it may induce them to break other rules that are less well thought out.
Changes to Module/Annex:
Disagree. The DWQ Technical Committee does not believe that the FAC
parameters are in conflict with FIFRA requirements. EPA sets an upper limit of 4
ppm and does not set a lower limit so FIFRA (max 4 ppm) provides flexibility to
provide appropriate FAC levels based on specific operation factors, including the
use of cyanuric acid. All MAHC requirements are within this range. No changes
necessary to existing code language.



Comment:
5.7.3.1.2.3 -- The Centennial Olympic games in Atlanta used BCDMH and
ozone. I don't recall any issues. Why would we prohibit the use of ozone if there
happened to by CyA in the water?
Changes to Module/Annex:
Agreed. Wording has been deleted..



Comment:
5.7.3.2.1.1 -- Why would the CDC take a position that can be viewed as limiting
trade and consumer choice for a product for which there is no epidemiological
evidence to impact the health of pool users based on decades of biannual reports.
In fact it is far more common that the epi reports demonstrated that the absence
of chlorine is a common cause for outbreaks. CyA is known to help preserve FC.
Thus, the presence of CyA could help prevent many of the documented
outbreaks. Realize that about 2.5 billion lbs. of isocyanurates have been used in
rec water venues since the late 50s. The chemical economic Handbook can give
more specific details on use. As a result there are likely over a millions residential
pools in the US today that have over 200 ppm cya and yet there is no evidence of
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outbreaks.
Changes to Module/Annex:
The upper limit for cyanurates has been raised to 100 to be the same as WHO
standards and most state codes. (see response above to this)
The MAHC’s multi-sectoral Technical Committees have worked with the intent to
protect public health first. Cyanuric acid has been repeatedly shown to be a
weaker disinfectant so the MAHC deals with this by increasing the required level
in public pools. Several other venues that have increased risk of contamination or
chemical depletion have also been included. The MAHC position does not limit
trade or consumer choice. According to APSP the public/semi-public/commercial
RWVs concerned are less than 2% of the market. The MAHC does not address
residential pools and spa which account for more than 98% of the market.
Companies are free to sell their products to anyone and residential users are free
to use any sanitizer they choose. Large numbers of bathers are much more likely
to be exposed to RWI pathogens in a RWV than in a low-use residential pool.
Also, home owners have much more control over who uses their pool and when –
if the kids have diarrhea they don’t go in.
Outbreak detection and reporting is known to only capture a small percentage of
outbreaks and is therefore no true measure of the magnitude of what is actually
occurring in the U. S., particularly in residential settings, where no health
jurisdiction exists. The data are useful for monitoring trends and changes in
outbreaks but not to predict total numbers.


Comment:
5.7.4.3.3.2 -- This active ingredient is an EPA registered disinfectant when used
with hydrogen peroxide and an algaecides. I don't understand what data would
justify banning it. Since neither manufacturer is actively marketing this product to
commercial markets, it may be wiser to just leave this out and wait for a
manufacturer to request it be added.
Changes to Module/Annex:
Agreed. Wording altered. The MAHC has chosen to list only approved items
rather than start a laundry list of those not approved.



Comment:
5.7.4.3.3.3 -- I have a similar thought here as to the PHMB. There is no EPA
registered Chlorine dioxide product. Thus, maybe this section should say
something similar to the Cu/Ag statement above that only an EPA registered
product can be used consistent with label directions. One one is approved, then it
can be used.
Changes to Module/Annex:
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Agreed. Wording altered. The MAHC has chosen to list only approved items
rather than start a laundry list of those not approved..


Comment:
5.7.4.3.3.6 -- Why is this public health issue? Also, water balance can be
maintained with the "water balance range mentioned in this standard" at even
higher Calcium hardness levels.
Changes to Module/Annex:
Agreed. Most of the language has been moved to the annex.
11. Carrie Hribar, NALBOH (Bowling Green, Ohio)



Comment:
The National Association of Local Boards of Health (NALBOH), through its
Environmental Health Subcommittee, has learned of instances of dog swims in
public pools. Several states, including Florida, Ohio, and Indiana, have developed
guidance regarding dog swims in public pools. We recommend that the MAHC
mention the existence of dog swims in public pools and refer to the existing
guidance as recommended practice.
Changes to Module/Annex:
While the TC sees the merit in this comment, it is believed that such activities are
the exception rather than the rule, and can be handled on a case by case basis
within the appropriate jurisdiction.

12. Chip Blatchley, Purdue Univ (West Lafayette, Indiana)


Comment:
4.7.3.3.1.2 -- What constitutes “substantial renovations?” If a municipality is
contemplating some needed renovations (such as pool structural work, pump
replacements, etc.), it’s reasonable to assume that they may postpone these
repairs because of a mandatory secondary disinfectant system that may cost
around $50,000 per pool if it complies with this draft (remote alarms, interlocks,
etc.). -- The new construction or substantial renovation of the following
INCREASED RISK AQUATIC VENUES shall be required to use a SECONDARY
DISINFECTION SYSTEM after adoption of this CODE: 1) AQUATIC VENUES
designed primarily for diaper-aged children (children <5 years old), such as a.
wading POOLS, b. water activity POOLS, c. interactive water features with no
standing water, d. SPRAY PADs, and 2) Therapy pools
Changes to Module/Annex:
Agreed that definition is vague. Definition of substantial alteration has been
revised but not deleted.
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Comment:
4.7.3.3.2.1 -- NSF Standard 50 requires a 40 mJ/cm2 dose and 3 log reduction equates
to a 12 mJ/cm2 dose. -- SECONDARY DISINFECTION SYSTEMS shall be
designed to achieve a minimum 3-log (99.9%) reduction in the number of infective
Cryptosporidium parvum oocysts per pass through the SECONDARY
DISINFECTION SYSTEM per NSF standard 50.
Changes to Module/Annex:
See above comment



Comment:
4.7.3.3.2.3 -- Is there anything precluding the use of varying doses or intensities
depending on the time of day? -- The SECONDARY DISINFECTION SYSTEM
shall be located in the treatment loop (post filtration) and treat a portion (up to
100%) of the recirculation flow prior to return of the water to the POOL or
AQUATIC FEATURE.
Changes to Module/Annex:
This will need to be considered at a future time once there is acceptance of the
current recommendations.



Comment:
4.7.3.3.2.8 -- NSF Standard 50 requires a 40 mJ/cm2 dose and 3 log reduction
equates to a 12 mJ/cm2 dose. -- The SECONDARY DISINFECTION SYSTEM
shall include a means to confirm the required flow rate to maintain a minimum 3
log (99.9%) reduction of infective Cryptosporidium oocyst dose required by NSF
and the minimum flow rate as prescribed above.
Changes to Module/Annex:
TC does not understand this comment. This section is concerned with
verification and not certification. 4.7.3.3.2.7 has been reworded.



Comment:
4.7.3.3.3.1 -- This EPA manual is a drinking water and not a swimming pool
standard which allows for lower UV doses as previously mentioned. NSF should
be the standard for swimming pools. The UVDGM includes a detailed
description of reactor validation. Collectively, the procedures that are defined in
the UVDGM represent one of several reactor validation approaches that have
been subjected to peer review. If you settle on a target dose or treatment
objective, then any of the peer-reviewed procedures should be acceptable.
These include UVDGM, NSF, ONORM, and Lagrangian Actinometry. -- UV
equipment shall be third party validated in accordance with NSF the practices
outlined in the US EPA Ultraviolet Disinfectant Guidance Manual dated
November, 2006, publication number EPA 815-R-06-007.
Changes to Module/Annex:
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DVGW and Onorm are referenced in the USEPA. They will also meet the
minimum requirement of 3 log. The NSF-50 standard does meet this
requirement but ONLY if the additional testing is carried out. No change
necessary in the code language.


Comment:
4.7.3.3.3.1.1 -- This EPA manual is a drinking water and not a swimming pool
standard which allows for lower UV doses as previously mentioned. NSF should
be the standard for swimming pools. The UVDGM includes a detailed
description of reactor validation. Collectively, the procedures that are defined in
the UVDGM represent one of several reactor validation approaches that have
been subjected to peer review. If you settle on a target dose or treatment
objective, then any of the peer-reviewed procedures should be acceptable.
These include UVDGM, NSF, ONORM, and Lagrangian Actinometry. -- NSF
The manual US EPA Ultraviolet Disinfectant Guidance Manual shall be
considered a recognized national standard in this CODE.
Changes to Module/Annex:
Noted above. We are not sure about Lagrangian Actinometry and its future role.
We assume when it is developed to an acceptable standard it will be referenced
in the US EPA and therefore will be accepted.
No change necessary in the code language.



Comment:
4.7.3.3.3.8 -- This seems excessive and costly, especially in the case of retrofits
as previously mentioned. These are meant to be secondary disinfectant systems
and I have not read in any of the MAHC modules where the primary disinfectant
would be requiring any sort of audible/visual alarm in the event of a failure or
when chlorine levels reached zero. -- The automated shut down of the UV equipment
for any reason shall initiate a visual alarm which can be seen by patrons and staff within
the facility.

Changes to Module/Annex:
Agreed to remove visual alarms seen by patrons. The primary disinfectant is
being tested on a regular basis so is essentially on a check system and automatic
feeders have an alarm.


Comment:
4.7.3.3.4.7.1 -- Seems like this language is best suited as annex language for
4.7.3.3.4.7.2. -- For generators that produce ozone under pressure and utilize a negative
pressure (Venturi) ozone delivery system, or introduce ozone under pressure (such as a
pressurized diffuser into an atmospheric holding tank), any leak or break in the system
will immediately cause the release of ozone gas.
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Changes to Module/Annex:
Agree. Will be moved to the Annex.


Comment:
4.7.3.3.4.7 -- Redundant. Merge with 4.7.3.3.4.7. -- The ozone injection point shall be
located in the POOL return line after the filtration and heating equipment, prior to the
primary disinfectant injection point.

Changes to Module/Annex:
Agreed. Wording merged.


Comment:
4.7.3.3.4.1.2 -- This seems excessive and costly, especially in the case of retrofits as
previously mentioned. These are meant to be secondary disinfectant systems and I
have not read in any of the MAHC modules where the primary disinfectant would be
requiring any sort of audible/visual alarm in the event of a failure or when chlorine levels
reached zero. -- If the ORP reading for the ozone system drops below 600 mV
(regardless of the cause) an audible and visual alarm which can be seen and heard by
facility staff and patrons within the facility shall be immediately initiated.

Changes to Module/Annex:
Agreed. Alarm visible to patrons has been removed. Should be in monitoring &
testing module. Automatic feeders do have a visual alarm.


Comment:
4.7.3.3.4.1.5.1 -- Then aren’t we getting ahead of ourselves with these
requirements? Doesn’t this then contradict 4.7.3.3.2.1? Science should come
before codifying. This module seems to not be taking into account filtration
systems. It seems as though the main objective of this Disinfection & Water
Quality module is the elimination of crypto. And some of the regenerative media
filter manufacturers state that they can eliminate 99.9% of crypto on a single pass.
Even though there is debate on the size of crypto, which could make some of
these filtration claims suspect, not allowing filtration as a potential solution
(through some third party validation) seems shortsighted. -- There currently is no
recognized national standard for validation of ozone equipment for inactivation of
cryptosporidium.
Changes to Module/Annex:
Previously addressed. Should be in monitoring & testing module. Automatic
feeders do have a visual alarm.



Comment:
4.7.3.4.2.1 -- If it’s “not to be used for disinfection” why does all of the
requirements of 4.3.3.2 apply regarding 3 log reduction, etc? -- When UV is used
as a SUPPLEMENTAL TREATMENT SYSTEM, all requirements of 4.7.3.3.3.2 thru
4.7.3.3.3.4 must be met.
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Changes to Module/Annex:
No change in the code language. This section only requires mechanical and
electrical safety issues and does not include disinfection, validation parameters.


Comment:
4.7.3.4.3.1 -- (Continuing for the comments to 4.7.3.4.2.1) Why is 3 log
reduction not required for supplemental ozone systems (when it is for UV)? -When ozone is used as a SUPPLEMENTAL TREATMENT SYSTEM all requirements of
4.7.3.3.4.3 thru 4.7.3.3.4.10 must be met.

Changes to Module/Annex:
3-log reduction is not required for either UV or ozone for “Supplemental
Treatment”; only for “Secondary Disinfection”. This section only requires
mechanical and electrical safety issues and does not include disinfection,
validation parameters.


Comment:
5.7.3.4.3.3 -- Studies have shown that the presence of copper in pool water has a
catalytic effect on the formation of trihalomethanes. Refer to the scientific study attached
with this submission. -- Copper and silver concentrations shall not exceed established
EPA limits for use as disinfectants in pools and spas in the United States -REFERENCE: Blatchley ER, Margetas D, Ravikrishna D. Copper catalysis in chloroform
formation during water chlorination. Wat Res 2003;37:4385-4394.

Changes to Module/Annex:
Agreed. Wording and reference added to annex. Limits set in code.


Comment:
5.7.3.5.1 -- What’s the basis for this codified requirement? Does a pH outside of this
prescribed range impact the health of the patrons? It seems that this would really only
impact the health of the pool. The annex (5.7.3.5) states that “there is no definitive peerreviewed study that extensively covers the subject of pH in pool and spa water.” -- The
PH of the water shall be maintained between 7.2 and 7.8.

Changes to Module/Annex:
No change made to the code. The efficacy of chlorine/hypochlorous acid is
dramatically impacted by pH and therefore pathogen inactivation can be severely
affected by higher pH levels where only a small percentage of free chlorine is
active. Lower pH levels than this range allow a greater percentage of free chlorine
to be “active”. Further data are needed to ensure that lower levels (e.g., 6.8 to 7.2)
do not adversely impact membranes, particularly eyes.


Comment:
5.7.4.3.2.1 -- Why? LSI (as indicated in 5.7.4.4) is the better indicator. Depending on
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specific local conditions, water chemistry components can be adjusted and reacted to
without impacting the health of the patrons, yet resulting in an overall acceptable LSI. -Total alkalinity shall be maintained in the range of 80 to 150 PPM (MG/L).

Changes to Module/Annex:
Most of this section has been moved to the annex and the TA range has been
modified.


Comment:
5.7.4.3.3.1 -- Should such a standard apply to all pools or just indoor pools?
Even so, 0.4 is going to be difficult to achieve even for some facilities that
incorporate UV systems and will almost certainly be requiring UV for all pools
regardless of type (competition, leisure, spas, etc.). There doesn’t appear to be
any data to support this 0.4 ppm level and is stated as much in the annex (“the
technical committee recognizes that this [0.4 PPM] concentration is arbitrary and
that it has not been substantiated by adequate human clinical studies.”). By
codifying a 0.4 ppm maximum acceptable chloramine level, a significant pecuniary
impact will be felt in the pool industry and many may argue that a detrimental net
impact will be felt due to these mandatory costs. And is there some scientifically
proven correlation to respiratory and dermal outbreaks due to the exposure to
chloramines as stated in the annex? Attached to this submission is a scientific
study which indicates (on a small sample size) that 95.9% of pool samples and
96.8% of spa samples had combined chlorine measurements that exceeded the
NSPF guidelines (which is a maximum of 0.6 PPM of combined chlorine).-Chloramines in water shall remain below 0.4 PPM (MG/L). -- REFERENCE:
Weaver WA, Li J, Wen Y, Johnston J, Blatchley M, Blatchley ER. Volitle
disinfection by-product analysis from chlorinated indoor swimming pools. Water
Research 43 (2009) 3308-3318.
Changes to Module/Annex:
Comment noted. No changes to code. Some European countries standard is 0.2
ppm. WHO recommends below 0.2 ppm. German DIN standard is 0.2 ppm also.
Health effects for di- and tri-chloramine start to be experienced at 0.2ppm.



Comment:
5.7.4.3.3.6 -- Why? LSI (as indicated in 5.7.4.4) is the better indicator. Depending on
specific local conditions, water chemistry components can be adjusted and reacted to
without impacting the health of the patrons, yet resulting in an overall acceptable LSI.
And the annex acknowledges that in some areas of the country with hard source water
may have concentrations above 400 PPM and that “deviations from permissible hardness
levels indicate poor management of the water balance …and do not in themselves
present imminent health threats to bathers.” -- Calcium hardness shall not exceed 400
PPM (MG/L).

Changes to Module/Annex:
Concern has previously been addressed by inserting new language into the code..
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Most of the water balance discussion has been moved to the annex and only an
upper limit for Ca hardness has been used.


Comment:
5.7.4.3.4.2 -- Are TDS levels in excess of 1500 allowed for salt pools? If so, why is
there no health concern impacting these pools if there is one for all other pools? Annex
rationale (5.7.4.3.4) is difficult to justify on both sides of the fence and the technical
committee admits that “there is no known scientific data that substantiates any value as a
maximum level.” -- For saltwater POOLS, startup TDS level shall be measured on the
initial fill after adding the salt for the CHLORINE generator.

Changes to Module/Annex:
This section has been deleted and discussion moved to the annex.


Comment:
5.7.4.4.1 -- -0.3 to +0.3 is the most accepted LSI range. As stated, LSI is a
better overall gauge than regulating components that make up the overall water
chemistry and LSI reading (pH, TA, CH, etc.), but is this a “people health” or a
“pool health” issue? -- Water balance shall fall within the range of –0.5 to +0.5 –
0.3 to +0.3, as determined by the Langelier Saturation Index.
Changes to Module/Annex:
Concern has previously been addressed by inserting new language into the code
and moving most of the discussion to the annex.



Comment:
ANNEX 4.7.3 -- Are we basing these regulations around “may”? As mentioned
previously, science should come before regulating, which I believe is the mission of the
MAHC. -- SECONDARY DISINFECTION SYSTEMS such as ozone and ultraviolet light
may effectively destroy inorganic as well as some organic chloramines.

Changes to Module/Annex:
This is Annex language, not regulations. The science is somewhat weak at giving
exact parameters regarding ozone’s or UV’s ability to destroy chloramines at
specific CT values for ozone or dose values for UV. That is why it is Annex
information and not a part of the CODE.


Comment:
ANNEX 4.7.3.3 -- Certain types of therapy pools, yes. But personal experience with
regulating authorities caution clearly understanding current pool industry vernacular. The
majority are “wellness” pools used for aqua aerobics and other similar activities. -Therapy POOLS, for example, are often utilized by individuals with compromised immune
systems and / or open wounds.

Changes to Module/Annex:
We have added a definition to the glossary for feedback. We agree that this needs
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to be a tight definition since the intent is that it is not a pool used by the general
public.


Comment:
ANNEX 4.7.3.3 -- Define “young.” This could impact a large number of more general
leisure-type pools. -- These facilities include therapy POOLS, and wading POOLS,
water activity POOLS, interactive water features, spray pads, and other AQUATIC
VENUEs designed primarily for young children including diaper-aged children.

Changes to Module/Annex:
Clarified the annex wording. Young children is defined in the code wording as
children <5 years old.


Comment:
ANNEX 5.7.3.1.1.3 -- Won’t a 3.0 PPM minimum free available chlorine requirement
for these pools end up making the combined chlorine level more difficult to minimize and
get under the 0.4 ppm maximum allowable limit stated in the current draft? -- A
minimum FAC level (3.0 PPM (MG/L)) for INCREASED RISK AQUATIC VENUEs
addresses the higher BATHER load, higher temperatures and/or at-risk populations
served by these venues. This minimum requirement is consistent with CDC Final
Recommendations to minimize transmission of Legionnaires disease from whirlpool
spas on cruise ships, published in 1997, which recommends maintaining free residual
CHLORINE levels in spa water at 3 to 10 PPM (MG/L). It is further supported by a study
reviewing both bromine and CHLORINE, which states, Pseudomonas aeruginosa were
rapidly reestablished in whirlPOOLS ( < 103 cells per ml) when disinfectant
concentrations decreased below recommended levels [CHLORINE, 3.0 PPM (MG/L),
bromine 6.0 PPM (MG/L)].

Changes to Module/Annex:
To be consistent with the MAHC requirements since this level only referred to
spas, the relevant paragraph of Annex 5.7.3.1.1.3 has been revised to read:
A minimum FAC level (3.0 PPM (MG/L)) for INCREASED RISK AQUATIC VENUEs spas
addresses the higher BATHER load, higher temperatures and/or at-risk populations
served by these venues. The bather load and temperatures of these venues favor
microbial growth and can lead to rapid depletion of chlorine.
The Annex discusses control of combined chlorine. It is expected that these
methods can achieve the 0.4 PPM maximum for combined chlorine in spas.

**ADDITIONAL INFO FROM BLATCHLEY
The use of UV systems in pools is motivated by interest in controlling human exposure to
microbial pathogens (especially Cryptosporidium spp.) and improvements in air and water
chemistry. In concept, the idea of validating these reactors makes sense, in that UV reactors used
in pools would all need to meet an industry standard.
In the case of disinfection, with the objective of inactivating C. parvum, UV systems are
particularly well-suited. A wealth of literature information exists to demonstrate that C. parvum
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is quite sensitive to exposure to UVC radiation. For example, the UV Disinfection Guidance
Manual (UVDGM, EPA, 2006) included a critical review of dose-response data relating to C.
parvum. Based on this review, the authors of the UVDGM indicated that UV254 doses of 12
mJ/cm2 and 22 mJ/cm2 would achieve 3.0 and 4.0 log10 units (respectively) of C. parvum
inactivation. It should be noted that these estimates accounted for uncertainty in the published
values, and as such they are probably conservative.
Reactor validation to guarantee these levels of C. parvum inactivation is a logical approach, for
reasons that are listed above. These dose limits are easily met by most UV systems. However,
the ability of a UV system to reduce the concentration of viable (infective) C. parvum in a pool is
largely determined by the mixing behavior in the pool, not dose delivery by the UV reactor. At
present, there is no standard that I know of for mixing behavior in a pool.
The current state of our understanding of UV systems and their effects of water and air chemistry
is such that it is not clear that a standard can (or should) be developed, at least not based on
science. Empirical evidence seems to suggest that systems that are designed to deliver a
(nominal) UV dose in the range of 40-60 mJ/cm2 are likely to bring about improvements in
air/water chemistry. However, the state-of-science relative to the chemistry of UV systems has
not advanced to the point where target dose values can be defined for regulation. The industry
needs to acknowledge this situation and work toward improving our collective understanding of
the basic science. In the interim, it may make sense to identify a target “dose” of 40-60 mJ/cm2
for control of chemistry, but it would probably be wise to avoid regulation of dose delivery for
this endpoint until our knowledge of the basic chemistry improves.
13. Franck Roy and Jeff Boynton, Delta Ultraviolet Corp (Gardena, CA)



Comment:
4.7.3.3.3.1 -- The 3-log reduction for crypto creates a UV-C Dose entirely
effective at disinfection and removing chloramines. If a State wants 40 mJ R.E.D
(more than 3-log) then their decision pertains to their specific prerequisites and
this should not impact the rest of the code or standards. Many in the scientific
community and experts do not see the interest for more than 3-log treatment in
pool water. Moreover, we could have a system with 10-log 250 mJ which still does
not eliminate two bathers in close proximity from being infected locally.
Furthermore, pool water is linked to the turnover and recirculates through a closed
circulating system. If by misfortune there is a crypto contamination with UV-C
system installed on the pool it will be because 2 swimmers will be close together
and the UV-C in the technical room will not do anything irregardless of the dose
even with 200 mJ or 10-log reduction. What is the basis for the Secondary
disinfection? Only the US EPA 2006? NSF-50 required? -- UV equipment shall
be third party validated…. NSF 50 requirements are recognized as fully
compliant.
Changes to Module/Annex:
Not sure what the point is here other than the requirement is designed to reduce
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the oocysts over a set time based on the formula. No change necessary in the
code language.


Comment:
4.7.3.3.3.1 -- UV treatment use the wave length call UV-C (different from A & B).
It is extremely important to make the distinction. -- All “UV”, “Ultraviolet” shall be
replaced by “UV-C”, “Ultraviolet-C”
Changes to Module/Annex:
Not sure if it is so important as UVA and UVB generators will not meet the
disinfection requirements. No change necessary in the code language.



Comment:
4.7.3.3.1.2 -- Substantial renovation is too wide and needs to be defined in a
separate sentence or in the glossary terms of the module. -- The new
construction or substantial renovation of the following INCREASED RISK
AQUATIC VENUES shall be required to use a SECONDARY DISINFECTION
SYSTEM after adoption of this CODE:
Changes to Module/Annex:
Agreed. The definition of substantial alteration has been altered to be more
quantitative.



Comment:
4.7.3.3.1.2 -- Aquatic venues include swimming pools also falls into the section
4.7.3.3.1.1 as defined in the glossary terms. If the definition is different from “such
as” examples we need to re-define, water activity pools are generally not for
diaper aged children … Also, Therapy pool is too vague -- 1) AQUATIC
VENUES designed primarily for diaper-aged children (children <5 years old), such
as limited to a. wading POOLS, b. water activity POOLS, c. interactive water
features with no standing water, d. SPRAY PADs, and 2) Therapy pools
Changes to Module/Annex:
Previously modified for consistency.



Comment:
GLOSSARY: Disinfection -- UV only inactivates needs to be added after the
eg. for UV-C. -- Disinfection…“kills micro-organisms”
Changes to Module/Annex:
Comment noted. Definition will be changed as follows:
“Disinfection” means a treatment that kills or irreversibly inactivates
microorganisms.
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Comment:
GLOSSARY -- Those terms should be defined by the MAHC as everybody can
have is own definition. –
o “wading POOLS” means a small pool to be used mainly by non-swimming
children, and those supervising the children.
o “water activity POOLS” A water recreation attraction which has water
related activities such as rope, ladders, rope swings, cargo nets and other
similar activities.
o “interactive water features with no standing water” means any indoor or
outdoor installation maintained for public recreation that includes water
sprays, dancing water jets, waterfalls, dumping buckets, or shooting water
cannons in various arrays for the purpose of wetting the persons playing in
the spray streams
o “SPRAY PADs” means a specific area consisting of a play surface, spray
features, and drains, upon which the bathers stand and are sprayed with
water.
o “Therapy pools” pools used exclusively for water therapy to treat a
diagnosed injury, illness, or medical condition, wherein the therapy is
provided under the direct supervision of a licensed physical therapist,
occupational therapist, or athletic trainer;
Changes to Module/Annex:
The SC is reconciling the definitions so that they are consistent between modules.
Suggested changes as follows:
“Pool” means a subset of aquatic venues designed to have captured
water for total or partial bather immersion.
It can include, but is not limited to:
o “wading POOLS” means a small pool to be used mainly by non-swimming
children, and those supervising the children.
o “water activity POOLS” A water recreation attraction which has water
related activities such as rope, ladders, rope swings, cargo nets and other
similar activities.
o “interactive water features with no standing water” means any indoor or
outdoor installation maintained for public recreation that includes water
sprays, dancing water jets, waterfalls, dumping buckets, or shooting water
cannons in various arrays for the purpose of wetting the persons playing in
the spray streams
o “SPRAY PADs” means a specific area consisting of a play surface, spray
features, and drains, upon which the bathers stand and are sprayed with
water.
“Therapy pools” pools used exclusively for water therapy to treat a
diagnosed injury, illness, or medical condition, wherein the therapy is
provided under the direct supervision of a licensed person.
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Comment:
4.7.3.3.1.4 -- The basis for change is the section 4.7.3.3.4.15 Ozone is not held
to the same validation standards. -- If installed and labeled as secondary
disinfection systems, then they shall conform to all requirements specified under
4.7.3.3. TO ADD: only if units are approved under validation standard (only
those units should be recognized herein).
Changes to Module/Annex:
Add new language as noted below:
SECONDARY DISINFECTION SYSTEMS shall be certified to ANSI/NSF 50 by an
ANSI-Accredited third-party testing and certification organization. SECONDARY
DISINFECTION SYSTEMS shall achieve a minimum 3-log (99.9%) reduction in
the number of infective Cryptosporidium parvum oocysts per pass through the
SECONDARY DISINFECTION SYSTEM



Comment:
4.7.3.3.2.2 -- This must be deleted because it is nonsense; to require 3 log
reduction is sufficient to say. It is confusing since taken out of context. -- The
SECONDARY DISINFECTION SYSTEM shall also be designed to reduce a
theoretical total number of infective Cryptosporidium oocysts in the total volume of
the AQUATIC VENUE from an assumed 100 million (108) oocysts to a maximum
concentration of 1 infective oocyst/100 ml by means of consecutive dilution
Changes to Module/Annex:
Agree. Added crossed-out language to Annex.



Comment:
4.7.3.3.2.5 -- That’s not the way a UV-C systems can be specified. The goal is to
achieve 3 log reductions on crypto for instance; to achieve this, the UV-C is
designed for a specific dose. It should be part of the NSF standards of the units; it
is not for the MAHC to statute on. The manner of displaying the doses and other
parameters are not important here in the MAHC; again this is more for the
manufacturing standards. -- The flow rate (Q) through the SECONDARY
DISINFECTION SYSTEM shall be determined based upon the UV dose, the
transmissivity, the intensity. the total volume of the AQUATIC VENUE or
AQUATIC FEATURE (V) and a prescribed dilution time (T) for reducing the
number of theoretical infective Cryptosporidium oocysts from an initial total
number of 100 million (108) oocysts to a concentration of 1oocyst/100 ml.
Changes to Module/Annex:
The NSF latest validation standard meshes with the MAHC. NSF should be a test
and approval protocol for a code requirement. We think this comment is in error



Comment:
4.7.3.3.2.6 -- Should be deleted. UV-C is measured in doses not in dilution time
-- Same as before – Should be deleted.
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Changes to Module/Annex:
Disagree. Please see MAHC Annex Section 4.7.3.3.2.5 for further explanation
about this formula.


Comment:
4.7.3.3.2.7 -- Idem. UV-C is measured in doses not in dilution time -- Same as
before – should be deleted
Changes to Module/Annex:
Disagree. Please see MAHC Annex Section 4.7.3.3.2.5 for further explanation
about this formula.



Comment:
4.7.3.3.2.8 -- That is part of certification process and hints strongly at influence
from a specific manufacturer. This is determined by Standards and not MAHC. A
flow sensor or a flow meter cannot measure the 3-log reduction. -- The
secondary disinfection system shall include a means to confirm the required flow
rate to maintain a minimum 3 log (99.9%) reduction of infective Crypto and the
minimum flow rate as prescribed.
Changes to Module/Annex:
TC does not understand this comment. This section is concerned with verification
and not certification. 4.7.3.3.2.7 has been reworded.



Comment:
4.7.3.3.3.1 -- US EPA is one of the certifying bodies, but this code should not be
limited to only the US EPA. -- UV equipment shall be NSF 50 certified and third
party validated in accordance with the practices outlined in the US EPA Ultraviolet
Disinfectant Guidance Manual dated November, 2006, publication number EPA
815-R-06-007 or in the practices outlined in the DVGW (DVGW W294 (parties 1,
2 et 3)) or in the practices outlined in the Onorm (ÖNORM M5873-1 :2001 ET
M5973-2 :2003)
Changes to Module/Annex:
It already does (4.7.3.3.3.12.1.). DVGW and Onorm are covered in alternative
validation protocols. No change necessary in the code language.



Comment:
4.7.3.3.3.3.1 -- Redundancy of some items which are expensive; this follows a
manufacturer’s specifications and cannot be imposed upon this code. -- UV
equipment shall be labeled with maximum flow rate, minimum transmissivity,
minimum intensity, minimum dosage, and maximum gallons of water disinfected
by the unit.

Public Comment Response for Disinfection and Water Quality Code and Annex
Comment structure: Section – Basis – Recommendation – Reference (if provided)
55

Changes to Module/Annex:
Comment noted TC prefers to use code language as modified.


Comment:
4.7.3.3.3.6.1 -- Who is going to determine what is sufficient or not? Only a
recognized Standards certifier can determine the number and placement of
sensors. -- Where multiple lamps are fitted, sufficient sensors shall be provided
to measure each lamp
Changes to Module/Annex:
The DVGW requires 1 sensor per two lamps for MP and 1 per 10 for LP. The US
EPA does not specify 1 per lamp. Adequate monitoring is covered in the
validation tests as the level of monitoring will influence the VF. No change
necessary in the code language.



Comment:
4.7.3.3.3.8 -- Not necessary to include patrons who will not know what the
alarms is for and could create panic and put them in danger. -- The automated
shut down of the UV equipment for any reason shall initiate a visual alarm which
can be seen by patrons and staff within the facility
Changes to Module/Annex:
Agreed. Wording altered



Comment:
4.7.3.3.4 -- Is it proper that Ozone is discussed here? As under 4.7.3.3.
Secondary Disinfection Systems in section 4.7.3.3.4.15 defines that: “there
currently is no recognized national standard of ozone equipment for inactivation
of cryptosporidium”. Why does the MAHC want to add ozone as a secondary if
we don’t know what it does and the objectives is to be on the safe side (such as
what UV-C does). -- Ozone section….
Changes to Module/Annex:
The NSF third-party validated study has been published since 2007; in addition
the USEPA has a drinking water standard for ozone and Crypto as well. An
additional article has been accepted for publication in the Journal of Water and
Health.
Section 4.7.3.3.4.15.1 “There currently is no recognized national standard for
validation of ozone equipment for inactivation of cryptosporidium”. Has been
removed from this code.



Comment:
4.7.3.4.5.1 -- Either remove UV-C from this prohibited chemical or remove this
mention as it is defined in section 5.7.4.3.3.4. that “hydrogen peroxide shall be
prohibited for use as disinfectant” -- Ultraviolet light / Hydrogen Peroxide systems
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shall be prohibited.
Changes to Module/Annex:
Revise by adding “combination” before “systems.”


Comment:
GLOSSARY: Reduction Equivalent Dose (RED) bias -- Why not use the US
EPA guidance manual definition?
Changes to Module/Annex:
Change to use EPA definition



Comment:
5.7.4.3.3 -- This is the most important subject of water and its putative treatment.
-- Pool Water Chemical Balance
Changes to Module/Annex:
General comment. No action necessary.



Comment:
5.7.4.3.3.1 -- Are these levels realistic? -- Chloramines…..
Changes to Module/Annex:
General comment. No action necessary.



Comment:
5.7.3.4.1.1 -- Confusion about keywords FAC and water requirements. This
needs to be either defined or stricken. -- Use of UV-C does not modify any other
water quality requirements
Changes to Module/Annex:
Comment noted. Wording altered



Comment:
5.7.3.4.2.2 -- Idem -- Ozone requirements…
Changes to Module/Annex:
Altered wording



Comment:
5.7.3.1.1.2 -- There is no reason to put 1ppm or 2 or 3 in a swimming pool
(same for spas with 3ppm or 4 or 5 ppm). The MAHC should explain why you
want X ppm specifically when you have a UV-C system. For instance in other
countries:
i. In France, levels are:
1. Not using cyanuric acid –
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a. pH : From 6.9 to 7.7
b. Free Chlorine: 0.4 à 1.4 mg/l (depending on the pH level)
c. Combined Chlorine: 0.6 mg/l max
2. With cyanuric acid
a. pH : from 6.9 to 7.7
b. Free Chlorine min 2 mg/l
c. Combined Chlorine: 0.6 mg/l
d. Stabiliser: no more than 75 mg/l
ii. Sweden, Switzerland and Norway
1. FAC: 0.2- 0.4
2. Combined chlorine is 0.2ppm.
iii. Italie: FAC between 0.5 and 1.5. and cc is 0.4 max
iv. Germany:
1. FAC between 0.3 and 0.6
2. CC: 0.2ppm
Recommendation: Minimum FAC concentration shall be maintained at all times
in all areas to keep the water disinfectant as follows.
Changes to Module/Annex:
As with State codes, FAC requirements vary widely across countries. The DWQ
Technical Committee believes that the MAHC parameters are consistent with the
best available scientific evidence. No changes necessary to existing code
language.


Comment:
5.7.3.1.1.3 -- NEW SECTION: a special section for Chlorine and UV is
appropriate to discuss decreased levels of primary when in presence of working
secondary and supplemental disinfection. -- This is a new section:
i. Minimum FAC when using UV secondary disinfection systems or UV
supplemental needs to be addressed.
ii. Define levels for stabilized chlorine at, for example: .5 to.8 ppm in swimming
pools.
iii. Minimum FAC when using UV secondary disinfection systems or UV
supplemental should be for stabilized chlorine 1.0 ppm in spas.
Changes to Module/Annex:
Decision of TC was to stay with current wording. More science needed to justify
this change so that we think reducing minimum levels is not justified.


Comment:
5.7.3.1.1.4 -- NEW SECTION needed -- Also, the combined chlorine or bromine
levels needs to be addressed with and without secondary or supplemental
sanitation
Changes to Module/Annex:
Combined chlorine in addressed in 5.7.4.
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Comment:
5.7.3.4.2.1 -- World Health Organization prohibits any level of residual ozone in
the water (too dangerous for human consumption which could be the case in
spray pads etc.) -- Residual ozone concentration in the pool water shall remain
below 0.1ppm (mg/L)
Changes to Module/Annex:
The NSF/ANSI Standard 50 Ozone section requires the use of specific
components for all commercial swimming venue ozone systems. These
components include ozone dose control and ozone management which includes
ozone off-gas control. Undissolved ozone is thoroughly removed from the water
flow in all cases. Residual dissolved ozone is allowed into the pool water at a
level of no greater than 0.1 PPM, which is the OSHA permissible exposure limit
for gaseous ozone. However, NSF published studies performed under Annex H
as well as other studies performed by the toxicological group at NSF. Show that in
swimming pools no ozone is measurable in the water once it reaches the pool. No
code language change is needed.
14. Gary Frasure, Washington State Dept. of Health (Olympia, Wash)



Comment:
4.7.3.3.1.1 -- SECONDARY DISINFECTION SYSTEMS shall be certified to
ANSI/NSF 50 by an ANSI-Accredited third-party testing and certification
organization Certification: All testing and any certification of products to this
standard shall be in accordance with ANSI/NSF 50 conducted by a certification
body. -- REFERENCE: When I was working on review of the APSP 16 standard,
there were emails presented that there is new language that moves the term for
third party testing into this kind of format. I can’t remember all of the particulars,
but Carvin DiGiovanni is the one that presented the information. My suggestion is
to contact Carvin for the rationale.
Changes to Module/Annex:
Current code language is common throughout various codes. There is no need to
change current language.



Comment:
4.7.3.3.2.2 -- Stipulate a maximum time for achieving compliance (e.g. 24-48
hrs). If using a 10% side stream, 80% of the water would theoretically come
through the side stream in a 24 hr period. -- There are no prescribed time
periods for achieving the reduction to one oocyst -- REFERENCE: If I take 3
months is that okay? A reasonable period of time is needed for achieving this for
the secondary disinfection to have usefulness. The next section of the rule allows
any percentage of the water to be treated. If this is only taking a 10% side
stream, the 3 log reduction will take quite a while (4 days?) to theoretically remove
the oocysts to 1.
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Changes to Module/Annex:
Disagree. The formula is based on achieving reduction to one oocyst in “the
lesser of 9 hours or 75% of the uninterrupted time a venue is closed in a 24 hour
period.” Please see MAHC Annex 4.7.3.3.2.5 for further explanation about this
equation.


Comment:
4.7.3.3.2.3 -- If there isn’t at least 50% of the water treated during turnovers, the
lag time for protection is too slow -- The SECONDARY DISINFECTION
SYSTEM shall be located in the treatment loop (post filtration) and treat a portion
a minimum of 50% and preferably (up to 100%) of the recirculation flow prior to
return of the water to the POOL or AQUATIC FEATURE -- REFERENCE: If
requiring secondary disinfection and they can only treat 10% of the water, it may
take an unreasonable time to achieve compliance with 4.7.3.3.2.2.
Changes to Module/Annex:
Disagree. Please see MAHC Annex 4.7.3.3.2.5 for further explanation about this
equation.



Comment:
4.7.3.3.2 -- Issue for consideration or clarification. -- I’m probably missing
something with my calculations, but I tried running a few scenarios with this
formula and if I had a 30,000 gallon children’s activity pool with a 3 hr turnover,
the minimum flow needed for achieving the minimum Q for this would be 150% of
the turnover rate. Running a similar check with a wading pool, it depends on what
the minimum turnover required will be. If a one hour turnover is required it will be
within the design flow, if a 2 hr turnover is allowed, this would again exceed the
minimum turnover flows needed. I don’t see how this time correlates with the
other issue of reducing the total impact with a 108 down to 1 oocyst, when you are
allowing a side stream for the secondary treatment.
Changes to Module/Annex:
Formula preferred by SC. Referred to the SC.



Comment:
4.7.3.3.3.3 -- Prevent inaccuracies of primary disinfectant levels. -- Add the
following: The placement of the UV unit shall be downstream of pickup points for
monitoring levels of chemical controllers used for monitoring primary disinfectant
levels.
Changes to Module/Annex:
The pickup points should be located after the UV or ozone. No change
necessary in the code language.
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Comment:
4.7.3.3.5.2 -- Protect downstream equipment (heat exchangers) from premature
failure and prevent production of chlorine gas at disinfection injection site -- Add
new: Where maintenance of UV units entails placement of cleaning chemicals
(typically muriatic acid) being periodically cycled through the UV unit in place with
isolation valves, means to flush the concentrated solution from the unit during
bypass cleaning is needed to prevent introducing concentrated cleaning chemical
into the recirculation treatment line.
Changes to Module/Annex:
An operational issue which does not belong in this code, and belongs in the
operational instructions from the manufacturer.



Comment:
4.7.3.3.4.10 -- 0.1 PPM is too high for bather safety --…shall be tested to
determine ozone produced by the generate will not exceed 0.05 PPM (mg/L)
compliance of less than 0.1 PPM (mg/L) gaseous ozone. – REFERENCE: FDA
has established a maximum output of 0.05 ppm into the atmosphere of ozone
generating equipment; http://www.epa.gov/iaq/pubs/ozonegen.html Long-term
consequences of Exposure to Ozone: Toxicology and Applied Pharmacology 72,
111-118 (1984); “Health effects of Ozone” JAPAA May, 1989, Volume 39.5;
.DOH Guidance for use of ozone in pools. Per WAC 246-260-111(3)(a)(ii)(C)
Levels of 0.08 ppm demonstrate in tests that collagen thickens in the lungs
preventing cilia from removing microorganisms, increasing susceptibility to
infections. Competitive swimmers breathe deeply and right at the interface zone
where they are pulling air from the liquid gas phase from the water. They may
sustain permanent loss of vital capacity at fairly low levels of ozone and 0.1 ppm
off-gassing produced by the ozone equipment is not much margin.
Changes to Module/Annex:
Ozone manufacturers have installed hundreds and hundreds of ozone systems in
indoor and outdoor recreational swimming venues for over twenty years and we
are not aware of any reports of off-gas events or issues from the pool water
surface. With the proper use of undissolved ozone degas and destruct systems
(which are always part of an ozone system in order to have an NSF Standard 50
listing), an ozone off-gas event is effectively impossible. Since ozone is an
extremely unstable molecule, anything in the water (including bather load,
chlorine, sundry chemicals, environmental load, heat, etc.) will cause its
breakdown into oxygen. The actual measured off-gas amount in any given
swimming venue is always 0.0 PPM. Code language is based on OSHA PEL The
language will stay the same.



Comment:
NO SECTION REFERENCE – JUST COMMENT: Discuss ability to test for
ozone levels in the water and the atmosphere directly above the pool water level
on at least a monthly/quarterly basis and accuracy of determination in atmosphere
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of less than 0.05 ppm, preferably in 0.01 ppm increments.
Changes to Module/Annex:
This should be in the monitoring and testing section of the code.


Comment:
4.7.3.4.1.2 -- Rapid fluctuations in water quality due to small quantities of water,
high bather load ratio, impacts of high temperature, water action all working to
reduce the level of the primary disinfectant-- SUPPLEMENTAL TREATMENT
SYSTEMS are not required on any venues, spa pools -- REFERENCE: While I
would encourage this, if the industry is not ready for this, perhaps at the next
revision.
Changes to Module/Annex:
Keep the code language as is. We think that the industry should consider how to
move forward in an effort to have multiple layers of protection rather than only one
treatment system for pathogens.



Comment:
4.4.3.4.1.5 -- As it will not meet requirements for primary disinfectant which will
leave a residual to continue working on contaminants in the recirculation system
and pool, it is only a supplemental system. It is still a disinfectant and as such
must meet requirements for disinfectants. -- Each system shall be clearly labeled:
“Supplemental Water Treatment System—Not to be Used for Primary
Disinfection
Changes to Module/Annex:
Addressed above



Comment:
5.7.3.1.1.2 -- Recirculating spray pools and wading pools are small volumes of
water subjected to heavy loads like a spa pool and need higher minimum
disinfectant levels. WAC 246-260-999 Appendix A table 111.1. -- 3. Spas,wading
pools and recirculating spray pools not using cyanuric acid: 3.0 PPM (MG/L)
New 4. Spas, wading pools, and recirculating spray pools using cyanuric acid: 3.5
ppm (MG/L).
Changes to Module/Annex:
The relevant paragraph of Annex 5.7.3.1.1.3 will be revised to read:
A minimum FAC level (3.0 PPM (MG/L)) for INCREASED RISK AQUATIC VENUEs
spas addresses the higher BATHER load, higher temperatures and/or at-risk
populations served by these venues. The bather load and temperatures of
these venues favor microbial growth and can lead to rapid depletion of
chlorine.
The MAHC requires secondary disinfection systems for “increased risk aquatic
venues.” Secondary disinfection and a minimum FAC level of 1.0 PPM should
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provide sufficient microbial protection for wading pools and recirculating spray
pools. A minimum FAC level of 3.0 PPM is not warranted for these facilities.
Since the MAHC prohibits use of cyanuric acid in spas and increased risk aquatic
venues, the higher FAC requirements proposed by the commenter for these
facilities (“New 4.”) are unnecessary.


Comment:
5.7.3.4.2.1 -- Same rationale as in section 4.7.3.3.4.10. -- Residual ozone
concentration produced by the ozonator in the POOL water shall remain below 0.1
0.05 PPM (MG/L).
Changes to Module/Annex:
The NSF/ANSI Standard 50 Ozone section requires the use of specific
components for all commercial swimming venue ozone systems. These
components include ozone dose control and ozone management which includes
ozone off-gas control. Undissolved ozone is thoroughly removed from the water
flow in all cases. Residual dissolved ozone is allowed into the pool water at a
level of no greater than 0.1 PPM, which is the OSHA permissible exposure limit
for gaseous ozone. However, NSF published studies performed under Annex H
as well as other studies performed by the toxicological group at NSF. Show that in
swimming pools no ozone is measurable in the water once it reaches the pool. No
code language change is needed.



Comment:
5.7.3.4.3.2 -- Compliance with drinking water standards. -- Copper and silver
concentrations shall not exceed established EPA limits for use as Disinfectants in
pools and spas in the United States or maximum contaminant levels established
for drinking water standards when used -- REFERENCE: Consistent with many
state rules. WAC 246-260-031(15) (b).
Changes to Module/Annex:
Accept public comment. New text added



Comment:
5.7.4.3.3.1 -- This standard may not be achievable. Many pools that provide
routine monitoring of combined levels exceed this level sometime during the day
but achieve it at others. Most will really have problems keeping the levels this low
in our experience. It is an even greater issue with the ASHRAE standard limits
doing a great job of conserving energy, but not having as much fresh air
replenishment in natatoriums. -- Chloramines in water shall maintain an ideal
range remain below 0.4 PPM (MG/L). When combined chlorines exceed 50% of
the FAC, it will be necessary to take steps to reduce these levels.
Changes to Module/Annex:
Comment noted. No changes to code. Proposed wording revision would allow
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much higher levels of CC to be acceptable, and therefore we prefer original
wording. WHO recommends below 0.2 ppm.


Comment:
5.7.4.3.3.6 -- Some natural waters may have problems reaching this level. The
CPO manual established a maximum level of 1000 ppm. Table B-1. -- Calcium
hardness shall not exceed 400 PPM except where natural water conditions
prevent further reductions.
Changes to Module/Annex:
Concern has previously been addressed by inserting new language into the code.
An upper limit has been set and the rest of the discussion has been moved to the
annex.



Comment:
5.7.4.3.5.1 -- Suggest providing some minimum standards for the water to
ensure the water quality conditions of the water will work for water recreation
facilities. -- The water is treated to meet the requirements cited in the preceding
paragraph (1) and will meet the minimum standards for water quality for
operation of water recreation pool facilities.
Changes to Module/Annex:
Covered in other requirements in this section.
15. Jim Eisch, Pinch A Penny (Clearwater, Florida)

***See “DWQ – Jim Eisch” section at the end of this document
16. Greg Wiese, KIK Pool Additives, Inc. (Ontario, California)

***See “DWQ – Greg Wiese” section at the end of this document
17. John Garcia, Pool Corporation (Covington, Louisiana)

***See “DWQ – John Garcia” section at the end of this document
18. Dean Allred, Pool Water Products (Irvine, California)
19. Dean Allred, Aqua Tri, (Irvine, California)

***See “DWQ – Dean Allred” section at the end of this document


Comment:
5.7.3.2.1.2 --

-- 5.7.3.2.1.1 Outdoor AQUATIC VENUES. The cyanuric acid level

at outdoor AQUATIC VENUES shall not exceed 50 100 PPM (mg/L).
Changes to Module/Annex:
Based on public comment during the review period, MAHC wording is being
altered to increase the upper limit of cyanurate allowed in aquatic venues from 50
to 100 ppm This is being done at this time because:
1)

There are limited data about what the appropriate cyanurate level should be
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2)
The World Health Organization allows an upper limit of 100ppm cyanurate in
swimming pools
Although data demonstrating the decreased efficacy of stabilized chlorine is
abundant, it is not as clear how disinfection is impacted by increasing levels of
cyanurate in the aquatic environment. At this point, the lack of data on the impact
of cyanurate levels on disinfection does not support changing the upper limit for
cyanurate from WHO recommended levels or those found in most U.S. pool
codes. However, the MAHC believes that further data on the role of increasing
cyanurate levels on disinfection are needed. With new data, the discussion about
the appropriate levels of cyanurates that should be allowed in public aquatic
facilities to achieve optimal disinfection and protect public health will need to be
re-visited.
There is extensive evidence demonstrating that CYA inhibits chlorine’s
disinfection capability. As a result, our DWQ Module prohibits CYA use in new
indoor venues, spas, and increased risk venues. Furthermore, where it is
allowed, we have required a higher minimum chlorine level (2 ppm vs. 1 ppm
FAC).
The question now is whether reducing the maximum CYA level from 100 ppm (a
commonly accepted level endorsed by APSP 11 and numerous state codes) to 50
ppm would provide an incremental public health benefit. We don’t believe the
available evidence warrants the lower level. In summary, we note the following:
 The relationship between CYA levels and chlorine efficacy is not
linear. There are clear effects at lower levels, but small additional effects
above 50 ppm. The strongest evidence comes from the Warren &
Ridgeway paper cited in the Annex. This study suggests only small
differences in the level of chlorine required for 99% kill of Staphylococcus
aureus in one minute -- 1.9 ppm chlorine at 50 ppm CYA and 2.15 ppm
chlorine at 100 ppm CYA. The Sommerfeld paper shows little incremental
effect of CYA levels above 50ppm on chlorine’s effectiveness as an
algaecide.
 Data submitted for EPA product registrations and WHO guidelines indicate
that toxicology is not a concern at 100 ppm.
The module already recognizes that hyperchlorination is ineffective for crypto
remediation in the presence of CYA. There would be no meaningful difference
between 50 and 100 ppm CYA.

20. Ellen Meyer, Lonza (Charleston, Tennessee)

*** See section titled “DWQ – Basis for Change – Ellen Meyer” at the
back of this document for rationale.

Public Comment Response for Disinfection and Water Quality Code and Annex
Comment structure: Section – Basis – Recommendation – Reference (if provided)
65



Comment:
GLOSSARY: OXIDATION -- Ozone is not a primary sanitizer, and potassium

monopersulfate is not registered as a sanitizer or disinfectant for pools or spas. -Oxidation can be achieved by common disinfectants/sanitizers (e.g., chlorine,
bromine),secondary disinfection/sanitation systems (e.g. ozone) and oxidizers
(e.g. potassium monopersulfate). – REFERENCE: APSP-11; See also comments
below regarding use of the word “sanitizer” in addition to “disinfectant”.
Changes to Module/Annex:
Modified definition as proposed.


Comment:
4.7.3.3.1.2 -- Treating the water as if there were a diarrhea accident every night
following the MAHC fecal accident response, should be as effective as UV or
ozone and should be included as an option. -- The new construction or
substantial renovation of the following increased risk aquatic venues shall be
required to use a secondary disinfection system, or nightly superchlorination to
achieve a minimum 3-log (99.9%) reduction in the number of infective
Cryptosporidium parvum oocysts, after adoption of this code:…..” -REFERENCE: MAHC module on fecal accident response.
Changes to Module/Annex:
The MAHC disagrees but understands the intent. Promoting routine
hyperchlorination as standard operation to replace secondary disinfection would
likely increase the risk of accidents and injuries since it can require large volumes
of chemicals and likely requires someone to work through the night to keep
measuring chlorine levels. In addition, one cannot guarantee that such actions will
be taken every night. Therefore, the current code language is preferred.



Comment:
5.7.3.1.1.1 -- Many chlorine products in the US are EPA registered as
“sanitizers” rather than as “disinfectants”. -- Only chlorine products that are EPAregistered for use as sanitizers or disinfectants in pools or spas in the United
States are permitted. -- REFERENCE: Example EPA registration numbers for
calcium hypochlorite are 748-275 and 1248-427 and for trichloroisocyanuric acid
is 5185-144.
Changes to Module/Annex:
Accept public comment. New text to read, “Only chlorine products that are EPAregistered for use as sanitizers or disinfectants in pools or spas in the United
States are permitted.”



Comment:
5.7.3.1.1.2.2 -- Increased CT values for chlorine in the presence of cyanuric acid.
-- No change to current wording. “Swimming pools and all other aquatic venues
using cyanuric acid: 2.0 ppm (MG/L).” -- REFERENCE: See section titled “DWQ
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– Basis for Change – Ellen Meyer” at the back of this document for rationale.
Changes to Module/Annex:
The selection of 2.0 PPM (MG/L) for pools using cyanuric acid is supportive of
public health and based on the balance of evidence to account for the potential
effects of cyanuric acid on pathogen kill times. It is clear that ensuring adequate
FAC levels is the most important parameter for maintaining microbial quality.
Substantial laboratory data shows that kill times for microbial contaminants are
increased in the presence of cyanuric acid.
However, the DWQ Technical Committee recognizes that the absolute
quantitative impacts on CT values in a swimming pool environment are not wellestablished. Additional Annex language has been added on this point.


Comment:
5.7.3.1.2.1 -- Some EPA registered bromine product labels have the word
“sanitizer” rather than “disinfectant”. -- Only bromine products that are EPAregistered for use as sanitizers or disinfectants in pools or spas in the United
States are permitted. – REFERENCE: Example EPA registration numbers with
both “sanitizer” and “disinfection” claims: 3377-61 and 6836-116.
Changes to Module/Annex:
Agreed. Wording altered.


Comment:
5.7.3.1.2.2 -- Many bromine products in the US are EPA registered with
minimum concentrations below 3.0 ppm for pools and below 6.0 ppm for spas. -Minimum bromine concentrations shall be maintained at all times in all areas as
follows: 1) Swimming pools and all other aquatic venues: 1.0 ppm (mg/L); 2)
Spas: 2.0 ppm (mg/L) -- REFERENCE:
o EPA 8622-41 (pools 2-3 ppm residential 3-5 ppm commercial, spas ≥2
ppm)
o EPA 6836-116 (pools 1-3 ppm, spas 2-4 ppm residential 3-6 ppm
commercial)
o EPA 3377-61 (pools 1-4 ppm, spas 2-4 ppm residential 3-6 ppm
commercial)
o If the minimum for pools is 3 ppm, then a product with EPA registration
8622-41 or 6836-116 could not be used without violation of either FIFRA
or the MAHC.
o If the minimum for spas is 6 ppm, then a product with EPA registration
6836-116 or 3377-61 could not be used without violation of either FIFRA
or the MAHC.
Changes to Module/Annex:
Changed code as follows:
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Minimum bromine concentrations shall be maintained at all times in all areas as
follows:
1) Swimming POOLS and all other AQUATIC VENUES: 3.0 PPM (MG/L)
2) Spas: 4.0 PPM (MG/L)
Added annex language to justify 4.0 consistent level. CDC website currently uses
4-6ppm for bromine.


Comment:
5.7.3.1.2.3 -- Cyanuric acid (CYA) does not stabilize bromine, but it also has not
been reported to hinder the efficacy of bromine. If a chlorine pool using CYA is
converted to bromine, it should not have to be drained to remove the CYA. Ozone
should not be prohibited in bromine spas where ingestion of spa water is minimal.
-- Bromine shall not be used with ozone in swimming pools or cyanuric acid. -
REFERENCE: See section titled “DWQ – Basis for Change – Ellen Meyer” at the
back of this document for rationale.
Changes to Module/Annex:
Agreed. Wording has been deleted







Comment:
5.7.3.2.1.1 -- 1) Increased CT values for crypto in the presence of cyanuric acid;
2) Increased bather load and biofilm concerns with Pseudomonas; 3) UV
stabilization of chlorine is not needed for indoor pools, so there is no public
health benefit to justify the added risk -- No change to current wording “Cyanuric
acid or stabilized chlorine products shall not be used at the following for all new
construction, modifications, or disinfection equipment replacements after the
effective date of this code: 1) All increased risk venues requiring secondary
disinfection as per Section 4.7.3.3.1.2 of this code; 2) All spas; and 3) All indoor
venues. --REFERENCE: See section titled “DWQ – Basis for Change – Ellen
Meyer” at the back of this document for rationale.
Changes to Module/Annex:
Comment noted.
Partial agreement. The MAHC has decided that the addition of a safety factor for
stabilized pools (2ppm vs. 1ppm requirement) and the addition of secondary
disinfection to increased risk venues does not warrant further prohibition of
cyanuric acid or stabilized chlorine products from indoor settings or most
increased risk settings. The exception to this is spas because of the high
temperature and biofilm issues (e.g., Legionella, non-tuberculous mycobacteria)
and therapy pools where the users are more likely to include high risk groups for
infections and severe illness (e.g., immunocompromised, elderly)
Comment:
5.7.3.2.1.2 -- There is ample evidence showing that chlorine is not as effective in
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killing microorganisms in the presence of CYA. Studies proving this have been
conducted in synthetic and real pool water. Although it is difficult to draw a line in
the sand for determining how much is too much, it is prudent to limit the cyanuric
acid concentration to the level that is needed to stabilize the chlorine from UV
degradation. Since 50 ppm is sufficient to stabilize chlorine, there is no benefit to
the added risk of using higher levels. -- No change to current wording “The
cyanuric acid level at outdoor aquatic venues shall remain below 50 ppm (mg/L).”
-- REFERENCE: See section titled “DWQ – Basis for Change – Ellen Meyer” at
the back of this document for rationale.
Changes to Module/Annex:
Based on public comment during the review period, MAHC wording is being
altered to increase the upper limit of cyanurate allowed in aquatic venues from 50
to 100 ppm This is being done at this time because:
 There are limited data about what the appropriate cyanurate level
should be
 The World Health Organization allows an upper limit of 100ppm
cyanurate in swimming pools
Although data demonstrating the decreased efficacy of stabilized chlorine is
abundant, it is not as clear how disinfection is impacted by increasing levels of
cyanurate in the aquatic environment. At this point, the lack of data on the impact
of cyanurate levels on disinfection does not support changing the upper limit for
cyanurate from WHO recommended levels or those found in most U.S. pool
codes. However, the MAHC believes that further data on the role of increasing
cyanurate levels on disinfection are needed. With new data, the discussion about
the appropriate levels of cyanurates that should be allowed in public aquatic
facilities to achieve optimal disinfection and protect public health will need to be
re-visited.
The TC has discussed this issue extensively, and, while not in unanimous
agreement, we are maintaining our proposed code requirement.
There is extensive evidence demonstrating that CYA inhibits chlorine’s
disinfection capability. As a result, our DWQ Module prohibits CYA use in new
indoor venues, spas, and increased risk venues. Furthermore, where it is
allowed, we have required a higher minimum chlorine level (2 ppm vs. 1 ppm
FAC).
The question now is whether reducing the maximum CYA level from 100 ppm (a
commonly accepted level endorsed by APSP 11 and numerous state codes) to 50
ppm would provide an incremental public health benefit. We don’t believe the
available evidence warrants the lower level. In summary, we note the following:
The relationship between CYA levels and chlorine efficacy is not linear. There are
clear effects at lower levels, but small additional effects above 50 ppm. The
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strongest evidence comes from the Warren & Ridgeway paper cited in the
Annex. This study suggests only small differences in the level of chlorine required
for 99% kill of Staphylococcus aureus in one minute -- 1.9 ppm chlorine at 50 ppm
CYA and 2.15 ppm chlorine at 100 ppm CYA. The Sommerfeld paper shows little
incremental effect of CYA levels above 50ppm on chlorine’s effectiveness as an
algaecide.
Data submitted for EPA product registrations and WHO guidelines indicate that
toxicology is not a concern at 100 ppm.
The module already recognizes that hyperchlorination is ineffective for crypto
remediation in the presence of CYA. There would be no meaningful difference
between 50 and 100 ppm CYA.


Comment:
5.7.3.4.3.1 -- The metal system products in the US are EPA registered as
“sanitizers” rather than as “disinfectants”. -- Only those systems that are EPAregistered for use as sanitizers or disinfectants in pools or spas in the United
States are permitted. -- REFERENCE: Example EPA registration numbers:
67712-15, 5185-498
Changes to Module/Annex:
Comment noted. Wording added.



Comment:
5.7.3.4.3.2 -- The EPA labels for these products do not list any maximum limits. 
- Delete “Copper and silver concentrations shall not exceed established EPA
limits for use as disinfectants in pools and spas in the United States.” -REFERENCE: Example EPA registration numbers: 67712-15, 5185-498.
Changes to Module/Annex:
Concern has previously been addressed by inserting new language on limits into
the code.



Comment:
5.7.4.3.2.1 -- Total alkalinity shall be maintained in the range of 60 to 180 ppm
(mg/L). -- REFERENCE: See section titled “DWQ – Basis for Change – Ellen
Meyer” at the back of this document for rationale.
Changes to Module/Annex:
Agree. Changed as suggested.



Comment:
5.7.4.3.3.2 -- PHMB is an EPA registered sanitizer. -- Replace
“Polyhexamethylene biguanide (PHMB) shall be prohibited for use as a
disinfectant.” With “Only Polyhexamethylene biguanide (PHMB) products that are
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EPA-registered for use as sanitizers in pools or spas in the United States are
permitted. 5.7.4.3.3.2.1 Minimum PHMB concentrations shall be maintained at all
times in all areas as follows: swimming pools, spas and all other aquatic venues:
30 ppm as product (mg/L).” -- REFERENCE: See section titled “DWQ – Basis
for Change – Ellen Meyer” at the back of this document for rationale.
Changes to Module/Annex:
The MAHC has decided to focus on approved disinfectants and not on adding a
long list of banned chemicals. Wording deleted.


Comment:
5.7.4.3.3.6 -- Calcium hardness shall be maintained in the range of 150 to 1,000
ppm in pools and 100 to 800 ppm in spas. -- REFERENCE: See section titled
“DWQ – Basis for Change – Ellen Meyer” at the back of this document for
rationale.
Changes to Module/Annex:
Concern has previously been addressed by inserting new language into the code.
An upper limit has been set and the rest of the discussion has been moved to the
annex



Comment:
5.7.4.3.3.7 -- Calcium hardness can easily be adjusted up, but can only be
decreased by draining the pool. After a minimum amount of calcium hardness
has been added to the pool (200 pppm), water balance is usually maintained by
adjusting the pH and alkalinity up and down to achieve the correct LSI values. -Delete “the exact level is dependent on the pH and temperature of the pool water,
and can be calculated using the Langelier Saturation Index.” -- REFERENCE:
APSP-11
Changes to Module/Annex:
Concern has previously been addressed by inserting new language into the code.
An upper limit has been set and the rest of the discussion has been moved to the
annex



Comment:
5.7.4.4.1 -- “Shall” was changed to “recommended” because the Langelier
Saturation Index (LSI) is not an indication of human health and safety, it is rather
an indication of the calcium carbonate solubility of the water and its effect on pool
surfaces and equipment. “-0.5” was changed to “-0.3” due to the fact that a small
positive value is preferred over a negative value because a light scale layer
provides some protection, and is less harmful than corrosion, which causes
permanent damage to mechanical and structural components. -- It is
recommended that water balance be maintained within the range of -0.3 to +0.5,
as determined by the Langelier Saturation Index. -- REFERENCE: APSP-11
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Changes to Module/Annex:
Concern has previously been addressed by inserting new language into the code.
The use of non-mandatory language such as should, could, can, etc. does not
belong in a code. An upper limit has been set and the rest of the discussion has
been moved to the annex
21. Mike Jennings, Leslie’s Poolmart, Inc. (Phoenix, Arizona)
Comment:
5.7.3.2.1.2 -- 5.7.3.2.1.1 Outdoor AQUATIC VENUES. The cyanuric acid level at
outdoor AQUATIC VENUES shall not exceed 50 100 PPM (mg/L). -Leslie’s Poolmart, Inc., the world’s largest retailer of swimming pool supplies with over 700 retail
outlets in 35 states across America, prides itself in providing exceptional service and products to
the broadest sector of the aquatics arena including commercial and public pools. Our highly
trained staff of pool professionals is versed in developing and implementing conventional and
unique solutions to solve essentially all pool and spa water challenges. As a highly regarded and
nationally-recognized industry leader, Leslie’s Poolmart, Inc. is stalwartly opposed to the Model
Aquatic Health Code DRAFT Disinfection & Water Quality Module proposing a reduction of the
maximum allowable cyanuric acid level to 50 ppm. The rationale for the opposition is provided
through the following arguments.
1. Smaller outdoor aquatic venues (i.e. under 150,000 gallons) especially within the hotel,
motel, apartment and condo sector (HMAC) throughout the sun-belt and beyond
frequently rely on the use of chlorinated isocyanurates as a viable option for sanitization.
Limiting the maximum allowable cyanuric acid level to 50 ppm will impose an untenable
restriction on the use of chlorinated isocyanurates and a subsequent hardship to these
HMAC operators/businesses and possibly others.
2. A model code mandated reduction in the maximum allowable cyanuric acid to 50 ppm
will have a negative impact on the HMAC sector inducing many operations to change
their primary disinfectant from trichlor to sodium hypochlorite (bleach) or calcium
hypochlorite. This potential shift is not trivial for the following reasons.
a. Space limitations on pool decks and pump rooms are common place in most, if
not all, HMAC facilities. A needless switch from trichlor to sodium hypochlorite
(bleach) or calcium hypochlorite would necessitate a costly building expansion or
possibly result in a “squeeze-it-in” mentality that could pose confined space
concerns increasing the propensity of more injuries and possibly broader safety
issues.
b. Although a recognized sanitizer in large aquatic venues, a pointless and
potential code-imposed switch from trichlor to sodium hypochlorite (bleach) in the
HMAC sector is froth with numerous concerns. The use of sodium hypochlorite
(bleach) requires the steady delivery of muriatic acid to off-set sodium
hypochlorite’s high pH thereby necessitating additional feed equipment.
c. Equally important and an aspect of practical consideration that the MAHC
Disinfection & Water Quality Technical Committee failed to consider are the many
burdensome responsibilities inherent with the general maintenance staff in the
HMAC sector. To add a degree of additional complexity to managing their aquatic
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venue beyond what is currently required with the use of stable, convenientlyapplied stabilized chorine (trichlor) tablets, sticks or pucks is impractical and
uncalled-for.
d. The presence of two incompatible chemicals specifically sodium hypochlorite
(bleach) and muriatic acid which upon misapplication and subsequent mixing
produces chlorine gas (Cl2) could result in an unfortunate incident at these
densely populated hotel, motel, apartment and condo sector (HMAC) operations.
For example a recent April 12, 2012 incident at the Newburgh, New York Free
Academy forced the evacuation of the operation with a few staff members being
sent to the hospital.1
e. In select areas, the low pH of trichlor assists with keeping the pH in balance.
Using a different sanitizer with a much higher pH will require a learning/behavior
change for the customers using it. This could also present a need to use more pH
down (most commonly muriatic acid). This can present other issues of concern
with handling, storage and customers not paying attention to their pH level
causing the disinfectant to be at a lower level of killing power.
Leslie’s Poolmart, Inc. is constantly surveying the needs of its demanding
commercial clients. Our collective understanding of this very important market
sector clearly implies that the hotel, motel, apartment and condo sector (HMAC)
currently using stabilized chlorine (trichlor) is opposed to the MAHC Disinfection
and Water Quality Technical Committee’s proposed 50 ppm maximum allowable
cyanuric acid level in outdoor aquatic venues. In support of our clients and our
reliance on regulations that convey realistic, time-tested practices, Leslie’s
Poolmart, Inc. deems the MAHC Disinfection & Water Quality module with respect
to cyanuric acid will have broad-reaching negative and counter-productive impacts
at the point of application, by the applicator and the transportation of products
necessary to effectively treat small volume commercial outdoor aquatic venues.
Leslie’s Poolmart, Inc. requests that the industry standard acceptable maximum
cyanuric acid level of 100 ppm be reinstated into the revised module.

-- REFERENCE: Chlorine Spill Forces Evacuation of Newburgh Free Academy
http://www.news12.com/articleDetail.jsp?articleId=315782&news_type=news&pos
ition=1&regionId=6&region_name=HV


Changes to Module/Annex:
Based on public comment during the review period, MAHC wording is being
altered to increase the upper limit of cyanurate allowed in aquatic venues from 50
to 100 ppm This is being done at this time because:
1)
There are limited data about what the appropriate cyanurate level
should be
2)
The World Health Organization allows an upper limit of 100ppm
cyanurate in swimming pools
Although data demonstrating the decreased efficacy of stabilized chlorine is
abundant, it is not as clear how disinfection is impacted by increasing levels of
cyanurate in the aquatic environment. At this point, the lack of data on the impact
of cyanurate levels on disinfection does not support changing the upper limit for
cyanurate from WHO recommended levels or those found in most U.S. pool
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codes. However, the MAHC believes that further data on the role of increasing
cyanurate levels on disinfection are needed. With new data, the discussion about
the appropriate levels of cyanurates that should be allowed in public aquatic
facilities to achieve optimal disinfection and protect public health will need to be
re-visited.
There is extensive evidence demonstrating that CYA inhibits chlorine’s
disinfection capability. As a result, our DWQ Module prohibits CYA use in new
indoor venues, spas, and increased risk venues. Furthermore, where it is
allowed, we have required a higher minimum chlorine level (2 ppm vs. 1 ppm
FAC).
The question now is whether reducing the maximum CYA level from 100 ppm (a
commonly accepted level endorsed by APSP 11 and numerous state codes) to 50
ppm would provide an incremental public health benefit. We don’t believe the
available evidence warrants the lower level. In summary, we note the following:
 The relationship between CYA levels and chlorine efficacy is not
linear. There are clear effects at lower levels, but small additional effects
above 50 ppm. The strongest evidence comes from the Warren &
Ridgeway paper cited in the Annex. This study suggests only small
differences in the level of chlorine required for 99% kill of Staphylococcus
aureus in one minute -- 1.9 ppm chlorine at 50 ppm CYA and 2.15 ppm
chlorine at 100 ppm CYA. The Sommerfeld paper shows little incremental
effect of CYA levels above 50ppm on chlorine’s effectiveness as an
algaecide.
 Data submitted for EPA product registrations and WHO guidelines indicate
that toxicology is not a concern at 100 ppm.
 The module already recognizes that hyperchlorination is ineffective for crypto
remediation in the presence of CYA. There would be no meaningful difference
between 50 and 100 ppm CYA.



22. Kevin Maher, American Hotel & Lodging Association (Washington,
D.C.)
Comment:
5.7.3.2.1.2 -- See section titled “DWQ – Basis for Change – Kevin Maher” at the
end of the document for rationale -- REFERENCE:
o Pool Chemical-Associated Health Events in Public and Residential Settings
--- United States, 1983 – 2007, MMWR, May 15, 2009/58(18);489-493
o Las Vegas Sun, August 27, 2010, 26 hospitalized, 1,500 evacuated in
MGM Grand chemical leak at pool,
http://www.lasvegassun.com/news/2010/aug/27/10-people-overcome
fumes-mgm-grand-pools-lazy-rive/
o St. Louis Park Patch, January 16, 2011, Chlorine Leak at Area Swim
School Sends 11 to Hospital, http://stlouispark.patch.com/articles/chlorine
leak-at-area-swim-school-sends-11-to-hospital
o Currently listed trichlor flow-through chemical feeders include Pro Guard
Trichlor Feeder TC-18, TC25 & TC-40; BioLab MA Chlorinator 18B-FM,
35B-FM and 48; Hayward Automatic Chlorine Feeder CL200 and CL220;
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and others
http://www.nsf.org/Certified/Pools/Listings.asp?TradeName=&ProductType
=50H&PlantState=&PlantCountry=&PlantRegion=&submit1=SEARCH
Changes to Module/Annex:
Based on public comment during the review period, MAHC wording is being altered to
increase the upper limit of cyanurate allowed in aquatic venues from 50 to 100 ppm This
is being done at this time because:
1)
There are limited data about what the appropriate cyanurate level
should be
2)
The World Health Organization allows an upper limit of 100ppm
cyanurate in swimming pools
Although data demonstrating the decreased efficacy of stabilized chlorine is
abundant, it is not as clear how disinfection is impacted by increasing levels of
cyanurate in the aquatic environment. At this point, the lack of data on the impact
of cyanurate levels on disinfection does not support changing the upper limit for
cyanurate from WHO recommended levels or those found in most U.S. pool
codes. However, the MAHC believes that further data on the role of increasing
cyanurate levels on disinfection are needed. With new data, the discussion about
the appropriate levels of cyanurates that should be allowed in public aquatic
facilities to achieve optimal disinfection and protect public health will need to be
re-visited.
There is extensive evidence demonstrating that CYA inhibits chlorine’s
disinfection capability. As a result, our DWQ Module prohibits CYA use in new
indoor venues, spas, and increased risk venues. Furthermore, where it is
allowed, we have required a higher minimum chlorine level (2 ppm vs. 1 ppm
FAC).
The question now is whether reducing the maximum CYA level from 100 ppm (a
commonly accepted level endorsed by APSP 11 and numerous state codes) to 50
ppm would provide an incremental public health benefit. We don’t believe the
available evidence warrants the lower level. In summary, we note the following:
 The relationship between CYA levels and chlorine efficacy is not
linear. There are clear effects at lower levels, but small additional effects
above 50 ppm. The strongest evidence comes from the Warren &
Ridgeway paper cited in the Annex. This study suggests only small
differences in the level of chlorine required for 99% kill of Staphylococcus
aureus in one minute -- 1.9 ppm chlorine at 50 ppm CYA and 2.15 ppm
chlorine at 100 ppm CYA. The Sommerfeld paper shows little incremental
effect of CYA levels above 50ppm on chlorine’s effectiveness as an
algaecide.
 Data submitted for EPA product registrations and WHO guidelines indicate
that toxicology is not a concern at 100 ppm.
The module already recognizes that hyperchlorination is ineffective for crypto
remediation in the presence of CYA. There would be no meaningful difference
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between 50 and 100 ppm CYA.
23. Jennifer Hatfield, J. Hatfield & Associates (Sarasota, Florida)


Comment:
5.7.3.2.1.2 -- 1) Changing the level to 50 mg/l for aquatic venues would be
inconsistent with ANSI approved national standards that recommend the
maximum at 100 mg/l. It would also be inconsistent with the 1992 study done in
cooperation with Pinellas County health department as well as the World Health
Organization (WHO) Guidelines for Safe Recreational Water Environments;
Volume 2, Swimming Pools and Similar Environments 2006. 2) In real world
application of servicing a pool, if the feeding system were to malfunction on a
Friday afternoon and not attended to by a qualified technician again until Monday,
the changes of a low or no sanitizer count would be very probable. Therefore, the
opportunity for algae and bacteria growth is serious, greatly endangering the
swimming patrons. -- The cyanuric acid level at outdoor aquatic venues shall
remain below 100 50 ppm (mg/L). -- REFERENCE: ANSI/APSP-11, section
A8.3 and supporting documents cited therein. CYA parameters are also referred
to in many of the ANSI/APSP Standards, including: APSP-1 Public In-ground
Pools, APSP-2 Public Spas, and APSP-9 Aquatic Recreation Facilities

Changes to Module/Annex:
Based on public comment during the review period, MAHC wording is being
altered to increase the upper limit of cyanurate allowed in aquatic venues from 50
to 100 ppm This is being done at this time because:
1)
There are limited data about what the appropriate cyanurate level
should be
2)
The World Health Organization allows an upper limit of 100ppm
cyanurate in swimming pools
Although data demonstrating the decreased efficacy of stabilized chlorine is
abundant, it is not as clear how disinfection is impacted by increasing levels of
cyanurate in the aquatic environment. At this point, the lack of data on the impact
of cyanurate levels on disinfection does not support changing the upper limit for
cyanurate from WHO recommended levels or those found in most U.S. pool
codes. However, the MAHC believes that further data on the role of increasing
cyanurate levels on disinfection are needed. With new data, the discussion about
the appropriate levels of cyanurates that should be allowed in public aquatic
facilities to achieve optimal disinfection and protect public health will need to be
re-visited.
There is extensive evidence demonstrating that CYA inhibits chlorine’s
disinfection capability. As a result, our DWQ Module prohibits CYA use in new
indoor venues, spas, and increased risk venues. Furthermore, where it is
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allowed, we have required a higher minimum chlorine level (2 ppm vs. 1 ppm
FAC).



The question now is whether reducing the maximum CYA level from 100 ppm (a
commonly accepted level endorsed by APSP 11 and numerous state codes) to 50
ppm would provide an incremental public health benefit. We don’t believe the
available evidence warrants the lower level. In summary, we note the following:
 The relationship between CYA levels and chlorine efficacy is not
linear. There are clear effects at lower levels, but small additional effects
above 50 ppm. The strongest evidence comes from the Warren &
Ridgeway paper cited in the Annex. This study suggests only small
differences in the level of chlorine required for 99% kill of Staphylococcus
aureus in one minute -- 1.9 ppm chlorine at 50 ppm CYA and 2.15 ppm
chlorine at 100 ppm CYA. The Sommerfeld paper shows little incremental
effect of CYA levels above 50ppm on chlorine’s effectiveness as an
algaecide.
 Data submitted for EPA product registrations and WHO guidelines indicate
that toxicology is not a concern at 100 ppm.
The module already recognizes that hyperchlorination is ineffective for crypto
remediation in the presence of CYA. There would be no meaningful difference
between 50 and 100 ppm CYA.
24. Jennifer Hatfield, APSP (Sarasota, Florida)



Comment:
GLOSSARY: OXIDATION -- Ozone is not a primary sanitizer, and potassium
monopersulfate is not registered as a sanitizer or disinfectant for pools or spas. -“Oxidation” means the process of changing the chemical structure of water
contaminants by increasing the number of oxygen atoms or reducing the number
of electrons of the contaminant, which allows the contaminant to be more readily
altered, inactivated, or removed from the water. It is the “chemical cleaning” of
pool water. Oxidation can be achieved by common sanitizers (e.g., chlorine,
bromine) secondary disinfection systems (e.g. ozone) and oxidizers (e.g.
potassium monopersulfate). disinfectants (e.g., chlorine, bromine, ozone,
potassium monopersulfate). -- REFERENCE: APSP-11. See also comments
below regarding use of the word “sanitizer” in place of “disinfectant”.
Changes to Module/Annex:
Modified definition as proposed.



Comment:
4.7.3.3.1.2 -- Treating the water as if there were a diarrhea accident every night
following the MAHC fecal accident response, should be as effective as UV or
ozone and should not be excluded as an option. -- The new construction or
substantial renovation of the following increased risk aquatic venues shall be
required to use a secondary disinfection system, or nightly super-chlorination to
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achieve a minimum 3-log (99.9%) reduction in the number of infective
Cryptosporidium parvum oocysts, after adoption of this code:…..” -REFERENCE: MAHC module on fecal accident response.
Changes to Module/Annex:
The MAHC disagrees but understands the intent. Promoting routine
hyperchlorination as standard operation to replace secondary disinfection would
likely increase the risk of accidents and injuries since it can require large volumes
of chemicals and likely requires someone to work through the night to keep
measuring chlorine levels. In addition, one cannot guarantee that such actions will
be taken every night. Therefore, the current code language is preferred.


Comment:
5.7.3.1.1.1 -- Many chlorine products in the US are EPA registered as
“sanitizers” rather than as “disinfectants.” -- Only chlorine products that are EPAregistered for use as sanitizers disinfectants in pools or spas in the United States
are permitted. – REFERENCE: Example: EPA registration numbers for calcium
hypochlorite are 748-275 and 1248-427 and for trichloroisocyanuric acid is 5185
144.
Changes to Module/Annex:
Concern has previously been addressed by inserting new language into the code.



Comment:
5.7.3.1.1.2 -- Please see attached section A8.3 from APSP-11, Exhibit A at the
end of this document -- Minimum FAC concentrations shall be maintained at all
times in all areas as follows: 1. Swimming POOLS and all other AQUATIC
VENUES not using cyanuric acid: 1.0 PPM (MG/L) 2. Swimming POOLS and all
other AQUATIC VENUES using cyanuric acid: 2.0 PPM (MG/L) 3. Spas: 3.0 PPM
(MG/L) – REFERENCE: APSP-11 section A8.3 and supporting documents cited
therein.
Changes to Module/Annex:
The DWQ Technical Committee reviewed and considered APSP 11 during the
development of this section. The DWQ Technical Committee believes that the
MAHC parameters are consistent with the best available scientific evidence.



Comment:
5.7.3.1.2.1 -- Many bromine products in the US are EPA registered as “sanitizers”
rather than as “disinfectants”. -- Only bromine products that are EPA-registered
for use as disinfectants sanitizers in pools or spas in the United States are
permitted. – REFERENCE: Example EPA registration numbers with both
“sanitizer” and “disinfection” claims: 3377-61 and 6836-116.
Changes to Module/Annex:
The word sanitizer has been added in addition to disinfectant.
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Comment:
5.7.3.1.2.3 -- Cyanuric acid (CYA) does not stabilize bromine, but it also has not
been reported to hinder the efficacy of bromine. If a chlorine pool using CYA is
converted to bromine, it should not have to be drained to remove the CYA. -Bromine shall not be used with ozone or cyanuric acid.
Changes to Module/Annex:
Wording has been deleted.



Comment:
5.7.3.2.1.1 -- Please see attached section A8.3 from APSP-11, Exhibit A at the
end of this document. -- Cyanuric acid or stabilized chlorine products are not
recommended for use at the following for all new construction, modifications, or
disinfection equipment replacements after the effective date of this CODE: -REFERENCE: APSP-11 section A8.3 and supporting documents cited therein.
Changes to Module/Annex:
Partial agreement. The MAHC has decided that the addition of a safety factor for
stabilized pools (2ppm vs. 1ppm requirement) and the addition of secondary
disinfection to increased risk venues does not warrant further prohibition of
cyanuric acid or stabilized chlorine products from indoor settings or most
increased risk settings. The exception to this is spas because of the high
temperature and biofilm issues (e.g., Legionella, non-tuberculous mycobacteria)
and therapy pools where the users are more likely to include high risk groups for
infections and severe illness (e.g., immunocompromised, elderly)



Comment:
5.7.3.2.1.2.1 -- Please see attached section A8.3 from APSP-11, Exhibit A at the
end of this document. -- The cyanuric acid level at outdoor aquatic venues shall
remain below 100 50 ppm (mg/L). – REFERENCE: APSP-11 section A8.3 and
supporting documents cited therein.
Changes to Module/Annex:
Based on public comment during the review period, MAHC wording is being
altered to increase the upper limit of cyanurate allowed in aquatic venues from 50
to 100 ppm This is being done at this time because:
1)
There are limited data about what the appropriate cyanurate level
should be
2)
The World Health Organization allows an upper limit of 100ppm
cyanurate in swimming pools
Although data demonstrating the decreased efficacy of stabilized chlorine is
abundant, it is not as clear how disinfection is impacted by increasing levels of
cyanurate in the aquatic environment. At this point, the lack of data on the impact
of cyanurate levels on disinfection does not support changing the upper limit for
cyanurate from WHO recommended levels or those found in most U.S. pool
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codes. However, the MAHC believes that further data on the role of increasing
cyanurate levels on disinfection are needed. With new data, the discussion about
the appropriate levels of cyanurates that should be allowed in public aquatic
facilities to achieve optimal disinfection and protect public health will need to be
re-visited.
There is extensive evidence demonstrating that CYA inhibits chlorine’s
disinfection capability. As a result, our DWQ Module prohibits CYA use in new
indoor venues, spas, and increased risk venues. Furthermore, where it is
allowed, we have required a higher minimum chlorine level (2 ppm vs. 1 ppm
FAC).
The question now is whether reducing the maximum CYA level from 100 ppm (a
commonly accepted level endorsed by APSP 11 and numerous state codes) to 50
ppm would provide an incremental public health benefit. We don’t believe the
available evidence warrants the lower level. In summary, we note the following:
 The relationship between CYA levels and chlorine efficacy is not
linear. There are clear effects at lower levels, but small additional effects
above 50 ppm. The strongest evidence comes from the Warren &
Ridgeway paper cited in the Annex. This study suggests only small
differences in the level of chlorine required for 99% kill of Staphylococcus
aureus in one minute -- 1.9 ppm chlorine at 50 ppm CYA and 2.15 ppm
chlorine at 100 ppm CYA. The Sommerfeld paper shows little incremental
effect of CYA levels above 50ppm on chlorine’s effectiveness as an
algaecide.
 Data submitted for EPA product registrations and WHO guidelines indicate
that toxicology is not a concern at 100 ppm.
The module already recognizes that hyperchlorination is ineffective for crypto
remediation in the presence of CYA. There would be no meaningful difference
between 50 and 100 ppm CYA.


Comment:
5.7.3.4.3.1 -- The metal system products in the US are EPA registered as
“sanitizers” rather than as “disinfectants”. -- Only those systems that are EPAregistered for use as sanitizers disinfectants in pools or spas in the United States
are permitted. – REFERENCE: Example EPA registration numbers: 67712-15,
5185-498
Changes to Module/Annex:
Concern has been addressed.



Comment:
5.7.3.4.3.2 -- The EPA labels for these products do not list any maximum limits. -Copper and silver concentrations shall not exceed established EPA limits for use
as disinfectants in pools and spas in the United States. – REFERENCE: Example
EPA registration numbers: 67712-15, 5185-498.
Changes to Module/Annex:
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Concern has been addressed by inserting new language into the code. Section
has not been deleted.


Comment:
5.7.4.3.2.1 -- Please see attached justification, Exhibit B at the end of this
document.-- Total alkalinity shall be maintained in the range of 80-150 60 to 180
ppm (mg/L).
Changes to Module/Annex:
Concern has been addressed by inserting new language into the code.



Comment:
5.7.4.3.3.2-- PHMB is an EPA registered sanitizer. -- Only Polyhexamethylene
biguanide (PHMB) shall be prohibited for use as a disinfectant. products that are
EPA-registered for use as sanitizers in pools or spas in the United States are
permitted. Add new Section: 5.7.4.3.3.2.1 Minimum PHMB concentrations shall
be maintained at all times in all areas as follows: swimming pools, spas and all
other aquatic venues: 30 ppm as product (mg/L). -- REFERENCE: Example EPA
registration numbers: 1258-1263, 69461-1
Changes to Module/Annex:
The MAHC has decided to speak to approved chemicals rather than create a long
list of those not approved. Wording deleted.



Comment:
5.7.4.3.3.6 -- Please see attached justification, Exhibit B at the end of this
document. -- Calcium hardness shall not exceed 400 ppm (mg/L) be maintained
in the range of 150 to 1,000 ppm in pools and 100 to 800 ppm in spas.
Changes to Module/Annex:
Concern has been addressed by inserting new language into the code.



Comment:
5.7.4.3.3.7 -- Calcium hardness can easily be adjusted up, but can only be
decreased by draining the pool. After a minimum amount of calcium hardness
has been added to the pool (200 pppm), water balance is usually maintained by
adjusting the pH and alkalinity up and down to achieve the correct LSI values. -The exact level is dependent on the pH and temperature of the pool water, and
can be calculated using the Langelier Saturation Index. -- REFERENCE: APSP
11
Changes to Module/Annex:
Concern has been addressed by inserting new language into the code.



Comment:
5.7.4.4.1 -- “Shall” was changed to “recommended” because the Langelier
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Saturation Index (LSI) is not an indication of human health and safety, it is rather
an indication of the calcium carbonate solubility of the water and its effect on pool
surfaces and equipment. “-0.5” was changed to “-0.3” due to the fact that a small
positive value is preferred over a negative value because a light scale layer
provides some protection, and is less harmful than corrosion, which causes
permanent damage to mechanical and structural components. -- It is
recommended that wWater balance shall fall be maintained within the range of 
0.3 –0.5 to +0.5, as determined by the Langelier Saturation Index. -REFERENCE: APSP-11
Changes to Module/Annex:
Concern has been addressed by inserting new language into the code.
25. Richard Falk, Self (San Rafael, CA)


Comment:
Abstract – Published scientific studies: There are pathogens that are highly
chlorine-resistant (e.g. Cryptosporidium parvum) but these have not necessarily
newly “emerged” implying mutation to create them where they did not exist before.
The pathogens we see in pools today have had their general environmental
resistance (i.e. protozoan oocyst thick-walled encapsulation) develop long before
Homo sapiens existed, let alone pools being chlorinated. As for chlorine-resistant
bacteria, such strains may very well have existed before chlorine introduction in
pools, but it is true that low chlorine levels could select for them. Hypochlorous
acid has multiple modes of action that make it harder for single-point mutations to
have pathogens develop specific resistance in the same way they do against
antibiotics, for example. The point is that any implication of the microbes now
seen in chlorine pools being newly created is questionable. If one properly
chlorinates a pool, then what “emerges” in the statistics of the pathogens that are
left are those that are more chlorine-resistant, but such resistance may not be
new. -- The emergence of chlorine-tolerant microbes also necessitates changing
accepted standards for pool treatment to protect the health of bathers in the
future. Chlorine-tolerant microbes also necessitate changing accepted standards
for pool treatment to protect the health of bathers in the future. The Disinfection
and Water Quality Module takes the first steps in addressing these recurring and
emerging aquatic health issues. -- REFERENCE: 1) Ridgway HF, Olson BH.
Chlorine resistance patterns of bacteria from two drinking water distribution
systems. Applied and Environmental Microbiology. 1982 Oct;44(4):972-987.
2) Winter J, Ilbert M, Graf PCF, Özcelik D, Jakob U. Bleach Activates a RedoxRegulated Chaperone by Oxidative Protein Unfolding. Cell. 2008
Nov;135(4):691-701.
3) Deborde M, von Gunten U. Reactions of chlorine with
inorganic and organic compounds during water treatment—Kinetics and
mechanisms: A critical review. Water Research. 2008 Jan;42(1-2):13-51 (esp.
3.2.1.4 pp. 23-27)
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Changes to Module/Annex:
Comment noted, No change deemed necessary.
The annex does not argue that the chlorine-tolerance of parasites has been a
recent occurrence. However, emergence of the parasite as a major cause of
human illness has been well documented to have occurred starting in the late
1970’s with the HIV epidemic. This was followed by Cryptosporidium taking a
major role first in causing drinking water-associated outbreaks and then
recreational water –associated outbreaks.


Comment:
Abstract – Published scientific studies… See detailed comments for the ANNEX
section 5.7.3.2.1. -- 4) Prohibition Greater restrictions of cyanuric acid in Indoor
facilities and “increased risk” aquatic venues –REFERENCE: See detailed
references for the ANNEX section 5.7.3.2.1.
Changes to Module/Annex:
Partial agreement. The MAHC has decided that the addition of a safety factor for
stabilized pools (2ppm vs. 1ppm requirement) and the addition of secondary
disinfection to increased risk venues does not warrant further prohibition of
cyanuric acid or stabilized chlorine products from indoor settings or most
increased risk settings. The exception to this is spas because of the high
temperature and biofilm issues (e.g., Legionella, non-tuberculous mycobacteria)
and therapy pools where the users are more likely to include high risk groups for
infections and severe illness (e.g., immunocompromised, elderly)



Comment:
Glossary “Disinfection” – EPA Manual. The EPA definition for a disinfectant
is “a substance, or mixture of substances, that destroys or irreversibly
inactivates bacteria, fungi and viruses, but not necessarily bacterial spores, in
the inanimate environment.” -- “Disinfection” means a treatment that kills or
irreversibly inactivates microorganisms (e.g., bacteria, viruses, and parasites); in
water treatment, a chemical (commonly chlorine, chloramine, or ozone) or
physical process (e.g., ultraviolet radiation) can be used. – REFERENCE: EPA
Pesticide Registration Manual. Chapter 4 – Additional Considerations for
Antimicrobial Products. Types of Antimicrobial Pesticides.
Changes to Module/Annex:
Comment noted. Definition changed as follows: “Disinfection” means a
treatment that kills or irreversibly inactivates microorganisms.



Comment:
Glossary “Free Available Chlorine” – Published scientific studies. I wrote
about this in my comments on 12/01/08 regarding section 3.2.1.1.2 and they still
apply here. The Free Chlorine (FC) test measures not only the HOCl and OClconcentrations, but also that of the chlorinated cyanurates because chlorine is
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released quickly from them in the time of the test (i.e. in seconds). The hydrolysis
half-life is 4.08 seconds for HClCY- and 0.25 seconds for ClCY2-. (where “CY” is
the CYA core ring). Though the dominant chlorinated cyanurate species is
HClCY-, deprotonation reactions are extraordinarily fast so conversion to ClCY2- is
extremely fast so in practice the net half-life of the chlorinated cyanurates when
hypochlorous acid gets depleted (such as during the FC test) is 0.25 seconds.
Cyanuric Acid (CYA) acts as a hypochlorous acid buffer due primarily to the
equilibrium: HClCY- + H2O <<<---> H2CY- + HOCl …… The chlorinated
isocyanurates should be seen as a reservoir for chlorine that can be quickly
released, similar to hypochlorite ion. This buffer means that changes in pH do not
change the HOCl concentration nearly as much when CYA is present. When the
pH drops from 8.0 to 7.5, then HOCl drops roughly in half if there is no CYA in the
water, but it only drops around 15% if CYA is present. Of course, the active
chlorine concentration is so much higher when there is no CYA (at the same FC
level) that the drop in 50% is a bit of a moot point. -- “Free Available Chlorine”
means the available disinfectant reservoir or reserve of chlorine in the water. It is
the portion of total chlorine that is not combined chlorine, is measured in
standardized tests often referred to as “Free Chlorine” (FC) and is the chlorine
capacity that can be quickly converted to become a available as effective
disinfectant. When chlorine is added to water, hypochlorous acid is produced in
either the molecular state (HOCl) or the ionized state (hypochlorite ion (OCl-) plus
hydrogen ion (H+)), and a by-product specific to the type of chlorine is produced.
It is the sum of hypochlorous acid (HOCl), hypochlorite ion (OCl-) and various
chemical species of chlorine bound to Cyanuric Acid (CYA), if present. The CYA
level, pH and temperature of the water determines the amount of hypochlorous
acid in each state. HOCl is a very effective bactericide and is the active available
chlorine disinfectant in the water. OCl- is also a bactericide, but acts more slowly
than HOCl. Thus chlorine is a much less effective bactericide at high pH. The
chlorine bound to CYA acts much more slowly than HOCl. The sum of HOCl and
OCl- is referred to as “free chlorine” in pool water. Because the amount of HOCl
is dependent on pH (though is less dependent when CYA is present), chlorine is a
less effective bactericide at high pH. The hypochlorous acid that remains in pool
water uncombined with ammonia is called “free available chlorine”. A free
available chlorine residual must be maintained for adequate disinfection. -REFERENCE: O'Brien J, Morris J, Butler J. “Equilibria in Aqueous Solutions of
Chlorinated Isocyanurate”, Chapter 14 in Rubin A, ed. Chemistry of Water
Supply, Treatment and Distribution, 1973 Symposium, (published 1974), Ann
Arbor Science Publishers, Ann Arbor, MI, pp. 333-358. ….. Since this book is
out-of-print, I have an authorized scanned PDF of this chapter here for your
convenience: http://richardfalk.home.comcast.net/~richardfalk/pool/OBrien.htm
…….. Matte D, Solastiouk B, Merlin A, Deglise X. Etude Cinetique de la NChloration de l’Acide Cyanurique en Phase Aqueuse (Kinetic Study of NChlorination of Cyanuric Acid in the Aqueous Phase). Canadian Journal of
Chemistry.
Changes to Module/Annex:
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The use of the term “reserve” is not a standard one and without user definition its
use is not warranted. Comment appears to be based on information provided in a
40-year old reference. This is a definition, and does not need to be an in-depth,
page-long article. Current code language is preferred.


Comment:
4.7.3.3 -- Editorial. I applaud the MAHC committee for recognizing that simply
increasing active chlorine levels will not handle disinfection against all pathogens
and that doing so would have created other problems including faster production
of disinfection by-products, faster oxidation of swimsuits, skin and hair, and faster
corrosion of equipment. The use of supplemental systems allows one to handle
chlorine-resistant pathogens while maintaining a lower active chlorine level
thereby reducing negative side-effects from chlorine. Unfortunately, this approach
has not been taken with regard to the use of Cyanuric Acid (CYA) which should
be seen as a chlorine moderator allowing one to create an ample reserve of
chlorine while maintaining a relatively low active chlorine level that is still able to
kill most pathogens quickly.
Changes to Module/Annex:
General comment. No action necessary.



Comment:
5.7.3.2.1.1 -- Published scientific studies See detailed comments for the ANNEX
section. -- Cyanuric acid or stabilized CHLORINE products shall not exceed 30
PPM (mg/L) not be used at the following for all new construction, modifications, or
DISINFECTION equipment replacements after the effective date of this CODE: 1)
All increased risk venues requiring secondary DISINFECTION as per Section
4.7.3.3.1.2 of this CODE; 2) All spas; and 3) All indoor venues. If CYA is used,
then the Free Chlorine shall be a minimum of 20% of the CYA level. –
REFERENCE: See detailed references for the ANNEX section.
Changes to Module/Annex:
Comments noted. Maintain current code language. Annex 5.7.3.2.1.1.
References utilized in the MAHC need to be peer reviewed.



Comment:
5.7.4.3.2.1 -- See more detailed comments for the ANNEX section. Total Alkalinity
(TA) is mostly a measure of bicarbonate in the water. As such, for a given pH and
adjusting TA to remove the alkalinity contribution from CYA, it is also a
proportional measure of the amount of aqueous carbon dioxide in the water.
Higher TA has a higher rate of carbon dioxide outgassing and such outgassing
increases the pH. One of the easiest ways to control rising pH is to maintain a
lower TA level, especially when using hypochlorite sources of chlorine (including
that from a saltwater chlorine generator). Such sources are close to pH neutral
when accounting for chlorine usage/consumption (only the “excess lye” increases
the pH). If one operates a pool at a low 50 ppm TA (with 30 ppm CYA) to have
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more stable pH, then to protect plaster surfaces, the CH may be raised up to 600
ppm or the pH target be raised to 7.7 or some intermediate combination. -- Total
alkalinity shall be maintained in the range of 80 50 to 150 PPM (mg/L). –
REFERENCE: Editorial. No scientific basis for your recommendation has been
presented in the ANNEX section.
Wojtowicz J. Factors Affecting
Loss of Carbon Dioxide. The Chemistry and Treatment of Swimming Pool and
Spa Water. 1995 Spring;1(3):19-26.
Changes to Module/Annex:
General comment. No action necessary.


Comment:
5.7.4.3.3.3.1 -- I applaud the MAHC Committee for recognizing that chlorine
dioxide can play a great role in helping to inactivate Cryptosporidium parvum
overnight using 2 ppm over 12 hours for 3-log reduction (using worst-case data for
1000 mg/L 2-log reduction; implied 1500 mg/L for 3-log). This can be useful for
those venues that do not have secondary disinfection systems. – NO CHANGE
NEEDED – REFERENCE: Chauret CP, Radziminski CZ, Lepuil M, Creason R,
Andrews RC. Chlorine Dioxide Inactivation of Cryptosporidium parvum
Oocysts and Bacterial Spore Indicators. Applied and Environmental Microbiology.
2001 Jul;67(7):2993-3001
Changes to Module/Annex:
General comment. No action necessary.



Comment:
5.7.4.3.3.6 -- Calcium Hardness (CH) alone does not cause scaling. It is the
combination of high pH, TA and/or CH as reflected in the Calcite Saturation Index
that determines whether scaling is possible. One can readily operate a pool with
1000 ppm CH by maintaining 50 ppm TA and pH 7.5, for example. -- Calcium
hardness shall not exceed 400 1000 PPM (mg/L). – REFERENCE: Editorial. No
scientific basis for your recommendation has been presented in the ANNEX
section.
Changes to Module/Annex:
Agreed. Changed as suggested. As the reviewer notes pools can be operated at
high calcium levels provided other water quality factors are strictly controlled.



Comment:
4.7.3 ANNEX -- This is a critically important point in reducing disinfection byproducts. However, the other aspect to this is to reduce active chlorine levels
since it is the product of the active chlorine (HOCl) level with the precursors that
form disinfection by-products, at least for rate-limiting steps. By having a lower
active chlorine level, some precursors and some intermediate chlorinated
chemicals persist longer giving the supplemental systems a chance to remove
them. If the active chlorine level is higher, then this increases the initial and/or
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continued chlorination of precursors and intermediaries to continue on to the
production of irritating, volatile or potentially detrimental end products such as
nitrogen trichloride and trihalomethanes (THMs). -- Levels of chloramines and
other volatile compounds can be minimized by reducing contaminants that lead to
their formation (e.g., urea, creatinine, amino acids and personal care products), as
well as by supplemental water treatment.
Changes to Module/Annex:
The risk management assessment implicit in the code is to ensure protection
against disease outbreaks and water-based irritations which are known and
documented hazards. Although disinfection by-products are undesirable and the
levels should be minimized by good personnel practices of users, the specific
public health threat posed by such substances has yet to be demonstrated.


Comment:
4.7.3 ANNEX -- Published scientific studies. Note that though the paper I
reference mostly investigated the use of MPS with a cobalt catalyst, it
demonstrated that either way ammonia was only oxidized by chlorine (implication
is that inorganic chloramines are also not oxidized by MPS, though that was not
explicitly stated in this paper). -- Some research has been done that shows that
non-CHLORINE shock oxidizers reduce the propensity to develop chloramines.
However, this research has not been peer-reviewed to date. Research has
shown that the use of non-chlorine shock oxidizers is selective in oxidation and
may not prevent nor reduce inorganic chloramines though may reduce some
organic chloramines. – REFERENCE: Anipsitakis GP, Tufano TP, Dionysiou DD.
Chemical and microbial decontamination of pool water using activated potassium
peroxymonosulfate. Water Research. 2008 Jun;42(12):2899-2910.
Changes to Module/Annex:
Agree with new language, change as suggested. ”Research has shown that the
use of non-chlorine shock oxidizers is selective in oxidation and may not prevent
nor reduce inorganic chloramines though may reduce some organic chloramines “



Comment:
4.7.3.3.2.6 ANNEX -- For clarity, the ANNEX can describe some more detail as to
how the Secondary Disinfection System flow rate (Q) is derived. -- The
assumption of continuous dilution implies that on each turnover 100%*e-1 =
36.79% of the water does not go through the circulation system while 100%*(1-e
1
) = 63.21% goes through at least once. A 3 log (99.9%) reduction during each
pass would reduce the oocysts to no more than 0.6321/1000 + 0.3679 = 36.85%
or a reduction of at least 63.14% for each turnover. The initial concentration of
oocysts is assumed to be 100,000,000/V where V is the volume in gallons and the
goal is to reduce this to 1oocyst/100ml or 37.85 oocysts/gallon. The required
number of turnovers may be found from (100,000,000/V)*0.3685turnover = 37.85 so
ln(100,000,000) – ln(V) + turnover*ln(0.3685) = ln(37.85) so turnover = 14.8 –
ln(V) since ln(0.3685) = 0.998 which is close to 1. The required flow rate (GPM) is
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the product of the flow rate for one turnover times the required number of
turnovers just calculated.
Changes to Module/Annex:
MAHC Committees are trying to avoid confusion of the term “turnover rate” with
the necessary flow rate through UV reactors. Have included a real-world pool
example for clarification in the MAHC Annex.


Comment:
4.7.3.3 ANNEX -- 4.7.3.3.2 in CODE is specific to circulatory oocyst inactivation,
but what about chlorine dioxide which is a bulk water disinfectant with similar
capabilities? It appears that it is allowed for use when bathers are not in the
water, but that should be made more clear. Also, what about advanced oxidation
systems, such as boron-doped diamond electrodes producing hydroxyl radicals?
They are likely to be effective against Cryptosporidium parvum oocysts since
hydroxyl radicals are a stronger oxidizer than ozone and they also oxidize more
chemicals than ozone. In fact, the UV in sunlight that breaks down chlorine forms
hydroxyl radicals directly from hypochlorous acid and indirectly from hypochlorite
ion and helps explain the slower organic buildup and lower steady-state levels in
outdoor pools relative to indoor ones. -- Any treatment system that demonstrates
this reduction in Cryptosporidium OOCYSTS specified herein is suitable for use. It
is not the intent of the MAHC to limit technology only to UV and ozone as
discussed in the CODE but rather to specify the outcome of the treatment.
Examples of SECONDARY DISINFECTION SYSTEMS include but are not
necessarily limited to: UV DISINFECTION and Ozone DISINFECTION. –
REFERENCE: Rice RG. Chemistries of Ozone for Municipal Pool and Spa Water
Treatment. Journal of the Swimming Pool and Spa Industry. 1995
Spring;1(1):25-44. (“Most organic compounds, particularly those which are
refractory in nature (i.e. organo-nitrogen compound – urea, creatinine; organo
chlorine compounds – chloroisocyanurates, trihalomethanes), are only slightly
reactive with ozone, and are not destroyed by ozonation, except under greatly
extended reaction times (up to hours), which are not practical in pool and spa
water treatment.”) …………… Feng Y, Smith DW, Bolton JR. Photolysis of
aqueous free chlorine species (HOCl and OCl) with 254 nm ultraviolet light.
Journal of Environmental Engineering and Science.
Changes to Module/Annex:
The option for chlorine dioxide is addressed in section 5.7.3.5.2 and has been
reworded for clarity. Chlorine dioxide is not registered for any use in recreational
water at this time. The mechanism for chlorine dioxide disinfection is entirely
different than chlorine, and may result in unanticipated disadvantages (e.g.,
chlorate and chlorite production, safety considerations).
The use of alternate disinfection systems must be shown to be technically
effective and validated by a independent 3rd party. If alternate systems could
meet these criteria they would be considered to be included in the MAHC. The
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MAHC has deleted lists of specific “banned compounds so that it only speaks to
approved compounds..


Comment:
4.7.3.3.3 ANNEX -- I saw no discussion of any of the side effects of using UV. I
believe there should be at least some discussion of the trade-offs. Otherwise,
the proposal to use UV as a secondary disinfectant appears biased. -- The use
of UV is not without consequences. UV irradiation destroys some chlorinated NDBPs but also promotes several reactions in the formation of N-DBPs. UV may
also increase chlorine demand through destruction of FC either directly or
indirectly. – REFERENCE: Weng S, Li J, Blatchley ER 3rd. Effects of UV254
irradiation on residual chlorine and DBPs in chlorination of model organic-N
precursors in swimming pools. Water Research. 2012 May 15;46(8):2674
2682.
Changes to Module/Annex:
See additional language to this effect in the annex. The purpose of the MAHC is
to outline acceptable options in technological approaches that have been
demonstrated to be effective and not to conduct a technical evaluation. The
cited reference provide by the reviewer notes some of the detrimental
characteristics of UV utilization, but none of the observations cited were
significant enough to eliminate this option as secondary disinfection method.



Comment:
4.7.3.3.4 ANNEX -- I saw no discussion of any of the side effects of using Ozone
except in section 5.7.3.1.2 regarding bromates. I believe there should be at least
some discussion of the trade-offs. Otherwise, the proposal to use Ozone as a
secondary disinfectant appears biased. – The use of Ozone is not without
consequences. Ozone destroys some chlorinated N-DBPs but also creates
chlorate and if bromide ions are present creates bromine and bromate as well.
Ozone also increases chlorine demand through destruction of hypochlorite ion. -REFERENCE: Haag WR, Hoigné J. Kinetics and products of the Reactions of
Ozone with Various forms of Chlorine and Bromine in Water. Ozone: Science &
Engineering. 1984;6(2):103-114.
Changes to Module/Annex:
For the purpose of this Annex, we’re not sure that these data are appropriate. We
do not talk about the vast chemistry of all the other chemicals added to pool water
at this level, so we question the necessity of adding this information. Already
addressed the issue of using bromine with ozone.
The purpose of the Code is to outline acceptable options in technological
approaches that have been demonstrated to be effective and not to conduct a
technical evaluation.
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Comment:
4.7.3.4.4 ANNEX – There are many of these studies on copper or silver alone
without chlorine for a variety of pathogens. I will put in as many as possible, but
suggest you read my post about this here:
http://www.troublefreepool.com/converting-my-ecosmarte-system-to-chlorine
t24194.html - p205939 -- The scientific data available on efficacy of these
systems is predominantly for bacterial inactivation and always includes FREE
AVAILABLE CHLORINE. There is insufficient scientific literature that documents
the efficacy of these systems on viruses and parasites. Copper ions alone do
not inhibit nor kill fecal bacteria at the 1.3 mg/L level of copper ions maximum
level allowed in pools by the EPA (and typical copper levels are usually lower to
prevent metal staining). Copper and silver in combination kill some bacteria but
more slowly than chlorine. They have limited efficacy on viruses and parasites
though the scientific literature is sparse. – REFERENCE:
i. Yahya MT, Straub TM, Gerba CP. Inactivation of coliphage MS-2 and
poliovirus by copper, silver, and chlorine. Canadian Journal of
Microbiology. 1982 May;38(5):430-5.
ii. Horie M, Ogawa H, Yoshida Y, Yamada K, Hara A, Ozawa K, Matsuda S,
Mizota C, Tani M, Yamamoto Y, et al. Inactivation and morphological
changes of avian influenza virus by copper ions. Archives of Virology.
2008;153(8):1467-1472
iii. Cassells JM, Yahya MT, Gerba CP, Rose JB. Efficacy of a combined
system of copper and silver and free chlorine for inactivation of Naegleria
fowleri amoebas in water. Water Science and Technology. 1995;31(5
6):119-122.
iv. Hasman H, Kempf I, Chidaine B, Cariolet R, Ersbøll AK, Houe H, Bruun
Hansen HC, Aarestrup FM. Copper resistance in Enterococcus faecium,
mediated by the tcrB gene, is selected by supplementation of pig feed with
copper sulfate. Applied and Environmental Microbiology. 2006
Sep;72(9):5784-9.
v. Jung WK, Koo HC, Kim KW, Shin S, Kim SH, Park YH. Antibacterial
Activity and Mechanism of Action of the Silver Ion in Staphylococcus
aureus and Escherichia coli. Applied and Environmental Microbiology.
2008 Apr;74(7):2171-2178.
vi. Baker J, Sitthisak S, Sengupta M, Johnson M, Jayaswal RK, Morrissey JA.
Copper Stress Induces a Global Stress Response in Staphylococcus
aureus and Represses sae and agr Expression and Biofilm Formation.
Applied and Environmental Microbiology. 2010 Jan;76(1):150-160.
vii. Sagripanti JL, Routson LB, Bonifacino AC, and Lytle CD. Mechanism of
copper-mediated inactivation of herpes simplex virus. Antimicrobial Agents
and Chemotherapy. 1997 Apr;41(4):812-817.
viii. Shimizu F, Shimizu Y, Kumagai K. Specific Inactivation of Herpes Simplex
Virus by Silver Nitrate at Low Concentrations and Biological Activities of the
Inactivated Virus. Antimicrobial Agents and Chemotherapy. 1976
Jul;10(1):57-63.
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ix. Turner GS. Inactivation of Vaccina Virus by Ascorbic Acid. Microbiology.
1964 Apr;35(1):75-80.
x. Huang HI, Shih HY, Lee CM, Yang TC, Lay JJ, Lin YE. In vitro efficacy of
copper and silver ions in eradicating Pseudomonas aeruginosa,
Stenotrophomonas maltophilia and Acinetobacter baumannii: implications
for on-site disinfection for hospital infection control. Water Research. 2008
Jan;42(1-2):73-80.
xi. Teitzel GM, Parsek MR. Heavy Metal Resistance of Biofilm and Planktonic
Pseudomonas aeruginosa. Applied and Environmental Microbiology. 2003
Apr;69(4):2313-2320.
xii. Straub TM, Gerba CP, Xia Zhou X, Ralph Price R, Moyasar T. Yahya MT.
Synergistic inactivation of Escherichia coli and MS-2 coliphage by
chloramine and cupric chloride. Water Research. 1995 Mar;29(3):811
818.
xiii. Kikuno R, Sasahara T, Sekiguchi T, Takahashi A, Soga H, Aoki M, Satoh
Y, Takayama Y, Kitasato H, Inoue M. Inactivation of Cryptosporidium
parvum oocysts by copper ions. Kansenshogaku Zasshi. 2004
Feb;78(2):138-40.
xiv. Yamanaka M, Hara K, Kudo J. Bactericidal Actions of a Silver Ion Solution
on Escherichia coli, Studied by Energy-Filtering Transmission Electron
Microscopy and Proteomic Analysis. Applied and Environmental
Microbiology. 2005 Nov;71(11):7589-7593.
xv. Kim J, Pitts B, Stewart PS, Camper A, Yoon J. Comparison of the
Antimicrobial Effects of Chlorine, Silver Ion, and Tobramycin on Biofilm.
Antimicrobial Agents and Chemotherapy. 2008 Apr;52(4):1446-1453.
xvi. Domek MJ, LeChevallier MW, Cameron SC, McFeters GA. Evidence for
the role of copper in the injury process of coliform bacteria in drinking
water. Applied and Environmental Microbiology. 1984 Aug;48(2):289-293.
xvii. Christophe Espírito Santo,1 Nadine Taudte,2 Dietrich H. Nies,2 and Gregor
Grass2*. Contribution of Copper Ion Resistance to Survival of Escherichia
coli on Metallic Copper Surfaces. Applied and Environmental Microbiology.
2008 Feb;74(4):977-986.
xviii. Grass G, Rensing C. Genes involved in copper homeostasis in
Escherichia coli. Journal of Bacteriology. 2001 Mar;183(6):2145-7.
xix. Domek MJ, Robbins JE, Anderson ME, McFeters GA. Metabolism of
Escherichia coli injured by copper. Canadian Journal of Microbiology.
1987;33(1): 57-62.
Changes to Module/Annex:
We are aware of the publications related to copper and silver ion in microbial
inhibition and inactivation. However, this section is only considering copper-silver
systems that have been developed for use in aquatic venues. The MAHC is not
intending to cover the individual ions. Language changed from “insufficient” to
“limited”.
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Comment:
5.7.3.1.1.3 ANNEX – I get the sense that there is a misunderstanding between
the effects of the chlorine reserve, which is what is measured as Free Chlorine
(FC) in test kits, vs. the active chlorine (HOCl) level. It is incorrect to assume that
problems seen with low FC are due to low active chlorine level rather than a low
reserve. Also, there is no discussion of the negative side effects of higher active
chlorine levels. I will write more about these two points in other sections with
respect to specific references that you cite. Note that the very strict requirements
for the laboratory test requirements of EPA DIS/TSS-12 are met with a chlorine
level of slightly less than 0.5 ppm FC with no CYA at a pH of 7.5. The minimum
FC of 1 ppm or higher is required to have enough chlorine reserve, not for kill
times unless one does not care about high active chlorine level side effects. -- It is
necessary to ensure that FAC is maintained at or above the 1.0 PPM (MG/L)
minimum level at all times and in all areas of the POOL. Because CHLORINE
efficacy is reduced in the presence of cyanuric acid, higher FAC levels may be
necessary for POOLS using cyanuric acid or stabilized CHLORINE. The
minimum FAC level of 1.0 PPM (MG/L) for swimming POOLS is well-supported by
available data
Changes to Module/Annex:
The minimum FAC requirements are intended to provide adequate microbial kill
times in pools operating in compliance with all other MAHC parameters, including
pH and CYA levels. The t FAC requirements are consistent with the best
available scientific evidence.
The documentation in the MAHC clearly justifies the use of free available chlorine
above 1 ppm. The terms “chlorine reserve” and “active chlorine” are not defined
or generally recognized, and hence the comment cannot be addressed.
Although the test requirements of EPA DIS/TSS-12 may be met with a lower free
active chlorine, this test is for effectiveness of the pool disinfectant product, not for
safe pool operation. It is also noteworthy that the test may fail the standard in less
than 15 % of the tests and still be given an acceptable rating.


Comment:
5.7.3.1.1.3 ANNEX – The Ibarluzea paper on indoor pools has several
inconsistencies. In Table 2, the “Unacceptable microbiology” percentages
should be no lower than the highest individual category percentage and no
higher than the sum of individual category percentages, but this is not the case
for two of the pools (Location 3A has a sum of 47.7% but an overall of 52.0%.
Location 3B has 47.6% APC but only 44.4% overall). I am always bothered by
such errors as it throws into question what other errors there might be in the
paper. Also, note that the average FC levels were low (0.44 to 1.26) and that
32% of all samples had <= 0.4 ppm FC and 47% had <= 0.3 ppm HOCl. It is
statistically more likely for a pool that has a higher FC level during sampling to
have a higher average FC level and therefore not get to a near-zero FC. That
is, the results can just as readily be explained by the reserve of chlorine and its
variation to very low levels rather than to the active chlorine level itself as an
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independent parameter. The paper noted that “when the active chlorine
measurement was used, however, calculated according to free chlorine and pH
concentration, no association between the proportion of acceptable samples
and active chlorine level was detected.” It is likely that it is the reserve of
chlorine (FC) that is simply too low for these pools, not the active chlorine level
as an independent parameter (i.e. 4 ppm FC with 20 ppm CYA for an HOCl of
0.1 ppm could very well produce much better water quality compared to the
pools in this study). The Price paper on whirlpools also indicates that it is the
reserve of chlorine that is critical. However, to confirm this, tests with whirlpools
using CYA, FC/CYA ratios of around 20%, and an FC of at least 3 ppm (most
likely 4 ppm FC with 20 ppm CYA or 6 ppm FC with 30 ppm CYA or even 10
ppm FC with 30 ppm CYA) would need to be done. The recognition that
whirlpools needed to have a target minimum of 3 ppm FC in order to stay
sanitary is more of a reflection of how rapidly FC is depleted in such whirlpools.
Indeed, the paper states that “At 39 to 41°C with the jets in operation, chlorine
levels decreased from above 3 ppm to less than 1 ppm within 1 h.” The bather
load in whirlpools is also generally very high which consumes FC rapidly. The
paper also stated that “None of the whirlpools in this study was continually
maintained at halogen levels recommended by the Centers for Disease Control,
3 to 5 ppm of chlorine or bromine”. The samples that were taken where P.
aeruginosa was recovered with halogen levels near 3.0 ppm may very well had
much lower if not zero chlorine levels for a time allowing for biofilm growth. The
Kim paper I reference shows a CT of 0.05 mg-min/L for a 90% kill with chlorine
for Pseudomonas aeruginosa PAO1. This is equivalent to a 3-log (99.9%)
reduction with 0.1 mg/L chlorine in 1.5 minutes. The seeming contradiction is
explained by distinguishing between planktonic bacteria vs. biofilms. If the
active chlorine level gets very low, usually because the FC level is allowed to
get too low, then bacteria can grow faster than chlorine can kill them and this
allows them to be able to form biofilms. Once formed in significant biofilms, the
bacteria are much harder to kill with chlorine unless active chlorine levels are
high. So the key is to prevent biofilm formation in the first place by consistently
maintaining a chlorine level (see the referenced Pitts paper for more info on
relative kill times for planktonic bacteria vs. bacteria in biofilms). It does not
need to be a high active chlorine level, but rather it is important that there is
always chlorine available. In both of the studies cited by MAHC, it is likely that
chlorine levels were not consistently maintained because the reserve of chlorine
(i.e. the FC) was too low (at least part of the time) so much harder to maintain
consistently, not because the active chlorine level itself was on average too low.
Recall that Cyanuric Acid (CYA) is a hypochlorous acid buffer so can let one
have a large reserve of chlorine so that one never runs out (i.e. it’s much easier
to prevent FC depletion), yet provides a lower active chlorine level to reduce
side effects as noted elsewhere. The Goeres paper I reference shows how
biofilms can be kept in check with 5.5 log reductions in bacteria (from 1.26x106
cfu/cm2 to 0.57 cfu/cm2) from consistent chlorine of 1-3 ppm though showed
additional reductions with periodic super-chlorination. It should be noted that
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the inoculations and bather insults were added in bulk three times per day, not
more continually in smaller doses as would occur in real pools. REFERENCES:
o Kim J, Pitts B, Stewart PS, Camper A, Yoon J. Comparison of the
Antimicrobial Effects of Chlorine, Silver Ion, and Tobramycin on Biofilm.
Antimicrobial Agents and Chemotherapy. 2008 Apr;52(4):1446-1453.
o Goeres DM, Palys T, Sandel BB, Geiger J. Evaluation of disinfectant
efficacy against biofilm and suspended bacteria in a laboratory swimming
pool model. Water Research. 2004 Jul;38(13):3103-9.
Changes to Module/Annex:
The Annex references the Ibarluzea study, noting the paper’s conclusion that FAC levels
greater than 1.0 ppm may be required to maintain adequate microbial quality in pools.
However, the Annex concludes that a minimum FAC level of 1.0 PPM (MG/L) for
swimming POOLS is well-supported by available data.
Revisions to the Annex language for spas should address the commenter’s points on
whirlpools. The relevant paragraph of Annex 5.7.3.1.1.3 will be revised to read:
A minimum FAC level (3.0 PPM (MG/L)) for INCREASED RISK AQUATIC VENUEs spas
addresses the higher BATHER load, higher temperatures and/or at-risk populations
served by these venues. The bather load and temperatures of these venues favor
microbial growth and can lead to rapid depletion of chlorine.
The conclusions of the Ibarlucea paper is consistent with other reports in the
literature that water quality is inversely proportional to chlorine content and
recommended free available content should be above 1 ppm. The comment
regarding the enhanced loss of free available content in whirlpool systems
supports Code recommendations for these systems


Comment:
5.7.3.1.1.3 ANNEX – The O’Brien paper I have referenced several times in
other sections gives the equilibrium constants for the chlorinated isocyanurates
and HOCl. A straightforward derivation from those constants shows that roughly
speaking the HOCl concentration is proportional to and somewhat less than half
the FC/CYA ratio at normal pool pH (i.e. near 7.5). I am sending separately a
PoolEquations spreadsheet you can use to calculate HOCl concentration
readily (it even has optional temperature dependence of the chlorinated
cyanurate equilibrium constants, though that is turned off by default). I am also
sending you separately the derivation of this FC/CYA relationship. -- Cyanuric
acid: Because CHLORINE efficacy is reduced in the presence of cyanuric acid,
higher FAC levels may be necessary for POOLS using cyanuric acid or
stabilized CHLORINE. In particular, the FC should be a minimum of 20% of the
CYA level as this has roughly the same active chlorine level as an FC of 0.2
ppm with no CYA near a pH of 7.5.
Changes to Module/Annex:
Comment noted, no change.
The O’Brien paper relies primary on the use of computational techniques with
only limited conformation using wet chemistry analysis. The straightforward
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derivation described in the comment is not obvious. Further research is
necessary to consider this proposed language.


Comment:
5.7.3.1.1.3 ANNEX – You should recommend the use of FAS-DPD chlorine test
kits that are more accurate than most DPD tests, especially visually-read DPD
tests. FAS-DPD does not bleach out (you just add more powder if the pink
disappears initially) and one can count the drops and measure with a resolution of
0.2 ppm and accuracy to within 10% or 0.2 ppm, whichever is greater, for both
Free Chlorine (FC) and Combined Chlorine (CC). -- Accuracy of FAC tests: POOL
test kits have been reported to give FAC results which diverge significantly from
true values although peer-reviewed data is lacking.
Changes to Module/Annex:
Recommendations for use of particular test kits or methodologies are more
appropriately addressed in the Monitoring and Testing module. Agreed, DPD
FAS test kits are recommended and the language has been clarified.


Comment:
5.7.3.1.1.3 ANNEX – Your statement is with regard to chlorine-specific effects
from drinking water, not from disinfection by-products that are produced in pools
and spas and are mostly volatile and inhaled or absorbed through the skin.
Also, while the EPA drinking water regulates TTHM, the risks for the brominated
THMs are far higher and not yet regulated. As you well know, pool and spa
water would not typically meet drinking water standards with regard to levels of
Haloacetic acids (HAA5) at 60 ppb, Total Trihalomethanes (THMs) at 80 ppb
and Bromate at 10 ppb. Furthermore, some volatile disinfection by-products
such as nitrogen trichloride are not regulated in drinking water but are known
irritants in the air above pool and spa water. The MAHC standard should reflect
a proper balance of minimizing active chlorine levels to help prevent the more
rapid formation and higher concentration of disinfection by-products while using
other means to reduce precursor and intermediate chemicals. There are so
many studies of pools with regard to THM levels that I won’t even list them as
you can readily find them yourself (134 hits on Scirus on “swimming pool
trihalomethane”). -- No data was identified suggesting health risks from FAC
levels at, or even significantly above these levels. The EPA MRDL and the
World Health Organization’s drinking water guideline value for CHLORINE (5
PPM (MG/L)) are based on drinking water studies that found no adverse effects
related 30 to CHLORINE. -- REFERENCE: I’m not going to list the 6,705
studies you can find on Scirus searching for “chlorine disinfection by-products”,
but I have read many of them and understand the negative effects of higher
active chlorine levels.
i. EPA drinking water Maximum Contaminant Levels (MCL):
http://water.epa.gov/drink/contaminants/index.cfm
ii. EPA IRIS database on THMs:
Chloroform: http://www.epa.gov/iris/subst/0025.htm Cytoxic at high levels
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(not mutagenic); not an issue at pool/spa levels, but easier to measure so
used as an indicator.
iii. Bromodichloromethane: http://www.epa.gov/iris/subst/0213.htm 1 in 1
million risk 0.6 µg/L
iv. Dibromochloromethane: http://www.epa.gov/iris/subst/0222.htm 1 in 1
million risk 0.4 µg/L
v. Bromoform: http://www.epa.gov/iris/subst/0214.htm 1 in 1 million risk 4
µg/L
Changes to Module/Annex:
The discussion in section 5.7.3.1.1.3 refers to the FAC, not disinfection
byproducts. No data were identified suggesting health risks from FAC levels at, or
even significantly above the MAHC requirements.
It is inappropriate to compare drinking water standards of the EPA or WHO to
concentrations of contaminants in pool water. Drinking water standards are
based on oral consumption of a standard amount-in the case of EPA 2 liters of
water daily for an adult. Swimming pool exposure is mostly to be significant
through vapor exposure and should likely to be less exposure.
Combined chlorine, including nitrogen trichloride and other volatile disinfection
byproducts, are addressed in Section 5.7.4.3.3.1 of the code. As discussed in
the Annex, levels of chloramines and other volatile compounds in water can be
minimized by reducing introduction of contaminants that lead to their formation
(e.g., urea, creatinine, amino acids and personal care products), as well as by use
of a shock oxidizer (e.g., potassium monopersulfate) or supplemental water
treatment. Effective filtration, water replacement, and improved BATHER hygiene
(e.g., showering, not urinating in the POOL) can reduce contaminants and
chloramine formation.


Comment:
5.7.3.1.1.3 ANNEX – The consumption/usage of chlorine is acidic and exactly
counteracts the higher pH from the saltwater chlorine generator. Any rise in pH
long-term comes from carbon dioxide outgassing from too high a TA and possibly
from some chlorine gas outgassing if it does not completely dissolve in the water.
-- The water exiting the cell has a relatively high PH in comparison to the
recommended ranges for POOL operation. However, this is no different than
adding a hypochlorite source of chlorine and the usage/consumption of chlorine is
acidic which compensates for the initial pH rise. – REFERENCE: See the
following post for chemical equations showing the pH effects of chlorine addition
and consumption/usage: http://www.troublefreepool.com/pool-water-chemistry
t628.html#p4367 Unfortunately, the chemistry is so straightforward that you won’t
find any published scientific studies on it.
Changes to Module/Annex:
The statement that the water exiting the electrolytic cell “has a relatively high pH
in comparison to the recommended ranges for POOL operation” is accurate.
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However, the impact on the pool’s pH would likely be small and no larger than the
impact of directly adding sodium hypochlorite.
Therefore, the relevant paragraph will be revised to read:
The water exiting the cell has a relatively high PH in comparison to the
recommended ranges for POOL operation. Monitoring and maintaining the pH,
total alkalinity and TDS of the water in the POOL is important. Salt water POOLS
intentionally have high concentrations of sodium chloride. The sodium chloride will
contribute to TDS, but will not cause decreased disinfectant efficacy or cloudy
water.


Comment:
5.7.3.1.1.3 ANNEX – Fixed typo by changing “They” to “The”. -- They systems
have sensors and cutoffs to prevent this damage, but operators must be sure to
monitor the unit to recognize when there is a problem.
Changes to Module/Annex:
Changed as suggested.



Comment:
5.7.3.1.2 ANNEX – Though bromine does not appear to bind to Cyanuric Acid
(CYA) to from brominated isocyanurates, it is not true that CYA provides no
protection at all from the breakdown of bromine in sunlight. CYA’s protection
partly comes from CYA’s direct absorption of the UV in sunlight shielding lower
depths from UV. So in deeper pools, one may have less rapid breakdown of
bromine. However, this effect is smaller than that of directly forming chlorinated
isocyanurates and is mostly seen once the CYA level gets in the 60-80 ppm
range (or higher). We have seen this non-linear protection effect in residential
chlorine pools and is the primary basis for saltwater chlorine generator
recommendations of 60-80 ppm CYA with 70-80 ppm preferred, though the
typical manufacturer 1-3 ppm FC recommendation is inadequate to prevent
algae growth under most conditions (4 ppm FC is the proper minimum to
prevent green & black algae growth when 80 ppm CYA is used). -- Bromine is
also not very common in outdoor POOLS because like CHLORINE, bromine is
destroyed rapidly in sunlight. Cyanuric acid was developed to combat the
problem in chlorinated POOLS, but does not provide a the same degree of
stabilizing effect for bromine. -- REFERENCE:
i. Feng Y, Smith DW, Bolton JR. Photolysis of aqueous free chlorine species
(HOCl and OCl) with 254 nm ultraviolet light. Journal of Environmental
Engineering and Science. 2007 May;6(3): 277-284.
ii. Hirt RC, Schmitt RG. Ultraviolet absorption spectra of derivatives of
symmetric triazine – II: Oxo-triazines and their acyclic analogs.
Spectrochimica Acta. 1958 Sep;12(2-3):127-138. (see Figure 4)
Changes to Module/Annex:
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There are no published data to indicate bromine is protected by cyanuric acid.
The cited references are not pertinent on this issue.


Comment:
5.7.3.1.2 ANNEX – Where are the scientific references that demonstrate that 10
ppm mg/L of DMH in the water prevents bromate formation? I doubt very much
that this is the case. DMH is to bromine as CYA is to chlorine in that there is an
equilibrium between bromine attached to DMH vs. HOBr. However, I could not
find good sources with equilibrium constants (this would be an important area of
further research), though some jurisdictions limit DMH to 200 mg/L (ppm). If there
is an equilibrium such as DBDMH + 2H2O ⇄ DMH + 2HOBr, then bromate will still
be formed from ozonation, but at a slower rate since the hypobromous acid
concentration will be lower. There would not be a cutoff of bromate formation at a
specific DMH level. – BCDMH (1-bromo-3-chloro-5, 5-dimethylhydantoin) is the
most common form of bromine used in commercial POOLS and spas today. At
present there is little information on the functionality of using DMH in this manner.
Since there is not a convenient field test kit an operator has no way of knowing
what the DMH level is in the water or when it may go below 10 PPM (MG/L) to
allow bromates to form. We also don’t know what the maximum safe level of DMH
should be. To rely on DMH for bromate prevention, suitable test methods and
further research are necessary.
Changes to Module/Annex:
Agree more data would be necessary to review the role of DMH . Currently, a
chemical manufacturer has a patent stating DMH inhibits bromate production.
Comment:
5.7.3.1.2 ANNEX – Technically, monobromamine itself may not be more biocidal
than monochloramine, but that monobromamine is in equilibrium with
monobromammonium ion and that the latter is more reactive possibly by releasing
a positively charged bromine ion (Br+) having strong oxidizing properties. I
suspect that monobromammonium ion is responsible for the chemically related
bather rashes associated with bromine treated water. This chemical would be
present when bromine and ammonia levels were both high enough to from
substantial quantities of monobromamine and hence monobromammonium ion. -Hypobromous acid reacts with inorganic ammonia and forms monobromamine,
dibromamine, and nitrogen tribromide, depending on the PH and concentration of
ammonia. These inorganic bromamines, via their relatives such as
monobromammonium ion, are all considered more biocidal than their
corresponding CHLORINE analogs. – REFERENCE: Johannesson JK. The
bromination of swimming pools. American Journal of Public Health and the
Nation’s Health. 1960 Nov;50(11):1731-1736.
Changes to Module/Annex:
The proposed chemistry is not supported by suitable documentation. The
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conjecture as to the basis for skin rash is not substantive enough to be included in
the annex. Agree to add as a research need.


Comment:
5.7.3.1.2 ANNEX – Typo: delete extra “of”. -- The levels of ammonia that result in
loss of bromine of efficacy have been detected in spa water.
Changes to Module/Annex:
Agreed changed as suggested



Comment:
5.7.3.2.1 ANNEX – There are 6 different chlorinated isocyanurate species as
follows, listed in order of relative proportion at pH 7.5: HClCY-, Cl2CY-, H2ClCY,
ClCY2-, HCl2CY, Cl3CY where Trichlor is the species with the smallest
concentration, by far. – REFERENCE: O'Brien J, Morris J, Butler J. “Equilibria in
Aqueous Solutions of Chlorinated Isocyanurate”, Chapter 14 in Rubin A, ed.
Chemistry of Water Supply, Treatment and Distribution, 1973 Symposium,
(published 1974), Ann Arbor Science Publishers, Ann Arbor, MI, pp. 333-358.
Since this book is out-of-print, I have an authorized scanned PDF of this chapter
here for your convenience:
http://richardfalk.home.comcast.net/~richardfalk/pool/OBrien.htm
Changes to Module/Annex:
Comment noted.



Comment:
5.7.3.2.1 ANNEX -- When Trichlor is added to water, 1 ppm FC produces 0.61
ppm CYA and the HOCl level at pH 7.5 is 0.36 ppm which is the same as 0.75
ppm FC if there were no CYA. When Dichlor is added to water, 1 ppm FC
produces 0.91 ppm CYA and the HOCl level at pH 7.5 is 0.32 ppm which is the
same as 0.64 ppm FC if there were no CYA. Since the EPA DIS/TSS-12
laboratory test requires somewhat less than 0.5 ppm FC (with no CYA) of chlorine
to pass (to get the 6-log reduction in 30 seconds for two specific bacteria), both
Trichlor and Dichlor were able to pass this portion of the test. However, it is wrong
to imply that the EPA has not reviewed efficacy tests for chlorine in the presence
of stabilizer because EPA DIS/TSS-12 also has a field test requirement where
continued use of Trichlor or Dichlor would build up CYA in such pools since the
tests must be conducted for an entire swimming season (4-12 months). Even at a
low 2 ppm FC per day chlorine rate which is typical loss from sunlight alone (i.e.
even with no bather load), the CYA would build up at 36 ppm per month from
Trichlor and 54 ppm per month from Dichlor if there were no water dilution. Of
course, there is water dilution (mostly from backwashing of sand filters), but not
enough to keep CYA levels in check, especially with higher bather loads. Of
course, the performance standard for the field test is far, far lower than that of the
laboratory test. I would argue that the laboratory test is too stringent, though only
by a factor of around 2.5 to 5. – CYA acid is not a disinfectant so it is not
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registered by the EPA. Stabilized CHLORINEs are registered with the EPA as
disinfectants; however, EPA has not reviewed efficacy data on CHLORINE in the
presence of stabilizer to date. The EPA reviewed efficacy data on dichlor and
trichlor when it approved registrations for drinking water DISINFECTION.
However, these data are not directly applicable to swimming POOLS where
repeated doses lead to higher CYA levels. – REFERENCE: Calculations based
on O’Brien paper equilibrium constants and using the PoolEquations.xls
spreadsheet.
Changes to Module/Annex:
No change to existing language. This needs to be investigated further.


Comment:
5.7.3.2.1 ANNEX -- As mentioned elsewhere, CYA does more than protect
chlorine from sunlight. It is a hypochlorous acid buffer so not only reduces the
active chlorine level, but reduces the pH dependence on that level and provides
for a large reserve (FC) of chlorine without requiring a high active chlorine
(HOCl) level. It lets one tune the active chlorine level to be effective against
most pathogens while keeping it low enough to slow down or reduce the amount
of disinfection by-products, reduce the oxidation rate of swimsuits, skin and hair,
and reduce corrosion rates.
Regarding the 2000 MMWR in Maine, the CYA
level was 40-60 ppm, but “During the outbreak, free chlorine levels were
tested daily and repeatedly registered <1.0 mg/L, less than the state-required
level of 1--3 mg/L, in the pool and hot tub. The pool and hot tub were crowded
during the outbreak, and free chlorine levels were very low to zero after the
February 25--26 weekend; no measurements were recorded over the weekend”.
Yet you attribute the problem to the CYA level rather than to the low FC level
even though you have numerous other MMWR reports with no CYA but similarly
low to zero FC reports. I’m surprised you didn’t also refer to the “Outbreaks of
Short-Incubation…” paper since those pools also had CYA (though >100 ppm).
Nevertheless, this study shows a different sort of problem that can occur from
high CYA levels even when the FC level seems high. If the FC/CYA ratio is too
low yet there is still FC available, then monochloramine and dichloramine can
build up as they are not oxidized quickly enough. Though nitrogen trichloride
levels will be low in this situation, the dichloramine could be high enough to be
irritating. Basically, if the FC/CYA ratio is too high or there is no CYA at all, then
the nitrogen trichloride level can get too high. If the FC/CYA ratio is too low,
then the monochloramine and dichloramine levels can get too high. The
FC/CYA ratio can be tuned to balance between these chloramines where the
recommended level of an FC that is 20% of the CYA levels gives a decent
balance. Of course, overwhelming bather load without sufficient supplemental
oxidation can make even an “ideal” FC/CYA ratio not prevent the chloramine
level from being too high to be irritating.
The active chlorine level required to
inhibit green and black algae growth regardless of nutrient (phosphate, nitrate)
level is an FC that is around 7.5% of the CYA level (5% for saltwater chlorine
generator). In order to provide higher disinfection and oxidation rates,
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commercial/public pools can have a minimum FC that is 20% of the CYA level. –
There is no operational or public health reason for indoor AQUATIC VENUES to
use CYA. It is a stabilizer for degradation from direct sunlight and so has no
benefits for indoor POOLS. However, since the addition of cyanuric acid in an
indoor environment reduces the OXIDATION potential, the recommended
maximum level is zero.
CDC does not recommend cyanuric acid use for
indoor POOLS or hot tubs. The recommendation was underscored in a 2000
MMWR after investigating a Pseudomonas dermatitis/folliculitis outbreak
associated with indoor POOLS and hot tubs in Maine, noting that cyanuric acid
was added to an indoor POOL which reduces the antimicrobial capacity of free
CHLORINE.
Likewise, algaecidal activity was reduced in the presence of
cyanuric acid. – REFERENCE:
i. Bowen AB, Kile JC, Otto C, Kazerouni N, Austin C, Blount BC, Wong H,
Beach MJ, Fry AM. Outbreaks of Short-Incubation Ocular and Respiratory
Illness Following Exposure to Indoor Swimming Pools. Environmental
Health Perspectives. 2007 Feb;115(2):267-271.
ii. Jafvert CT, Valentine RL. Reaction scheme for the chlorination of
ammoniacal water. Environmental Science & Technology. 1992
Mar;26(3):577-586.
iii. See the following post for more details of the relative inorganic chloramine
amounts at different active chlorine levels:
http://www.troublefreepool.com/chloramines-and-fc-cya
t10257.html#p81779
iv. See how FC is not correlated with ORP when CYA is present, but that the
calculated active chlorine level is reasonably well-correlated:
http://www.troublefreepool.com/dichlor-vs-bleach-t9078.html#p73214
Changes to Module/Annex:
Partial agreement. The MAHC has decided that the addition of a safety factor for
stabilized pools (2ppm vs. 1ppm requirement) and the addition of secondary
disinfection to increased risk venues does not warrant further prohibition of
cyanuric acid or stabilized chlorine products from indoor settings or most
increased risk settings. The exception to this is spas because of the high
temperature and biofilm issues (e.g., Legionella, non-tuberculous mycobacteria)
and therapy pools where the users are more likely to include high risk groups for
infections and severe illness (e.g., immunocompromised, elderly)


Comment:
5.7.3.2.1 ANNEX – Pools that use Dichlor build up CYA very quickly, even more
quickly than those using Trichlor. The following are chemical rules that are
independent of concentration of product or of pool size: For every 10 ppm FC
added by Trichlor, it also increases CYA by 6.1 ppm. ………. For every 10 ppm
FC added by Dichlor, it also increases CYA by 9.1 ppm. ……………… For every
10 ppm FC added by Cal-Hypo, it also increases CH by at least 7 ppm. So even
at a typical 2 ppm FC per day loss from sunlight, using Dichlor increases CYA
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by about 55 ppm per month if there is no water dilution. So the Favero findings
are not unexpected. Where do you get that the potential (by which I assume
you mean the active chlorine level) is further decreased as CYA increases
regardless of the ppm FC in the water? That is simply not true. The active
chlorine level is roughly proportional to the FC/CYA ratio so if one
proportionately raises the FC level as the CYA level rises, then one maintains
the same active chlorine level. Disinfection rates actually improve due to the
small disinfection rate of the chlorinated cyanurates, but at high FC and CYA
levels they are high in concentration so partly make up for their low activity. As
for the MAHC hypochlorination recommendations, I had written to you about this
before and given you specific guidelines that would readily allow for
superchlorination to work to provide the equivalent of 10 ppm FC with no CYA.
Roughly speaking, you would have the FC level be about 10 ppm higher than
the CYA level. Now this can be impractical if the CYA level is high, but is still
achievable if the CYA is, say, 20 or 30 ppm. Also, there are other methods,
such as using chlorine dioxide (from sodium chlorite and chlorine) that can be
used overnight instead of requiring high chlorine levels. – Favero et al found
that at free CHLORINE concentrations of more than 0.5 PPM (MG/L), P.
aeruginosa was rarely found except in those POOLS which used sodium
dichloroisocyanurate as a POOL disinfectant. Three private swimming POOLS
using sodium dichloroisocyanurate as a POOL disinfectant were found to
contain large numbers of the potential pathogen, P. aeruginosa. This indicates
that the level of Cyanuric Acid (CYA) needs to be kept in moderation and more
specifically that the FC/CYA ratio that roughly determines the active chlorine
concentration needs to be maintained at a required minimum. This potential is
further decreased as the CYA concentration in the water is increased,
regardless of the PPM (MG/L) level of the CHLORINE in the water. Present
MAHC requirements for hyperchlorination and POOL remediation are ineffective
for POOLS using cyanurate-stabilized CHLORINE.
Changes to Module/Annex:
The MAHC still emphasizes the need to maintain free active chlorine at sufficient
levels, above 1 ppm to provide sufficient disinfection activity regardless of other
factors. CDC is investigating these comments further.


Comment:
5.7.3.2.1 ANNEX -- There is already a lot of research on pathogen kill rates with
chlorine in the presence of CYA. Also, the theoretical models track the existing
studies quite well already. The balance isn’t about only UV protection, but also to
prevent the negative side effects of higher active chlorine levels. The effect of pH
on the active chlorine level in the presence of CYA is also very well understood
(see the O’Brien 1974 paper). If you want a list of research that can be done, I
can give that to you, but it is long and may not align with your goals. -- Though
the data shows using CYA reduces the inactivation time of many pathogens, the
committee would like to have a study done on specific pathogens and inactivation
rates at differing CYA levels, up to 200 PPM (MG/L). Further research on the
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inhibitory effect of cyanuric acid on DISINFECTION should evaluate the level at
which cyanuric acid can still protect CHLORINE from UV and also balance the
inactivation rate of the most common AQUATIC VENUE pathogens. The effect of
PH in the presence of cyanuric acid should also be investigated.
Changes to Module/Annex:
No changes to Annex language. However, the relationship between FAC,
cyanurates, and pH on pathogen kill rates should be investigated.


Comment:
5.7.3.5 ANNEX – The traditional graphs and charts showing the proportion of
HOCl vs. pH only apply when there is no CYA in the water. When CYA is
present, it acts as an HOCl buffer that reduces its variation vs. pH. When the
pH rises from 7.5 to 8.0, then HOCl drops roughly in half if there is no CYA in
the water, but it only drops around 15% if CYA is present. ………. However, as I
note in many different comments, the whole idea that one should have high
active chlorine levels is questionable since it does not come without side effects.
If one always uses CYA, but in moderation, then one can get the best of both –
moderated active chlorine (HOCl) concentrations with a large Free Chlorine (FC)
reserve. ………. What sources do you have showing that hypochlorous acid is
100 times more effective at killing microorganisms than the hypochlorite ion? As
noted in the Akin paper (I repeat for this section), the difference in kill time for
HOCl vs. OCl- against E. coli (ATCC 11229) is about a factor of 20, not
100………….. Again you refer to increasing disinfection efficacy, this time by
lowering the pH, but the active chlorine is already too high in pools without any
CYA in them. Do not confuse a low FC level meaning that the reserve of
chlorine is too low vs. the active chlorine level that does not need to be so high
and is not without side effects. – CHLORINE used in POOLS refers to
hypochlorous acid. Hypochlorous acid (HOCl) is a weak acid that readily
dissociates to form hypochlorite (OCl-) and hydrogen ion (H+). The mid-point of
the dissociation (the pKa) is at PH 7.5. Functionally, this means that at PH of
7.5, 50% (fifty percent) of the free CHLORINE present will be in the form of
hypochlorous acid and 50% (fifty percent) will be in the form of hypochlorite. As
the PH decreases below 7.5, the proportion of hypochlorous acid increases and
proportion of hypochlorite ion decreases. The opposite occurs as the PH
increases above 7.5. Numerous investigators have reported that hypochlorous
acid is approximately 100 times more effective at killing microorganisms than
the hypochlorite ion. Thus, from a public health perspective it is desirable to
maintain the PH so as to maximize the portion of hypochlorous acid portion of
the free CHLORINE present in the water. ……….. During the review of the data
the technical committee had a broad interest in lowering the minimum pH. This
would increase the efficacy of the CHLORINE by increasing the proportion of
hypochlorous acid (at the expense of hypochlorite) and thus increase
DISINFECTION efficacy. This was not recommended because of the lack of
data on the impact on BATHERS, particularly the eyes. If additional information
on the impact of lower PH on BATHERS’ skin and eyes is developed, the
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technical committee suggests that the acceptable range for PH be reexamined.
As part of the reexamination, consideration should also be made concerning
how this change will impact the water balance and any possible negative impact
on the facility. -- REFERENCE:
i. O'Brien J, Morris J, Butler J. “Equilibria in Aqueous Solutions of
Chlorinated Isocyanurate”, Chapter 14 in Rubin A, ed. Chemistry of Water
Supply, Treatment and Distribution, 1973 Symposium, (published 1974),
Ann Arbor Science Publishers, Ann Arbor, MI, pp. 333-358. (see Figure
14.5 and how the HOCl dashed curve between pH 7 and 8 is significantly
flattened)
ii. Since this book is out-of-print, I have an authorized scanned PDF of this
chapter here for your convenience:
http://richardfalk.home.comcast.net/~richardfalk/pool/OBrien.htm
iii. Though the above O’Brien paper should be enough, I’ve created some
comparison graphs you can look at in the following post:
http://www.troublefreepool.com/pool-water-chemistry-t628.html#p4366 and
also look at Tables 5-1 and 5-2 in the NSPF-CPO-Suggestions.pdf
document I’ve sent separately.
iv. Akin EW, Hoff JC, Lippy EC. Waterborne Outbreak Control: Which
Disinfectant?. Environmental Health Perspectives. 1982 Dec;46:7-12.
(see Figure 3)
Changes to Module/Annex:
Irrespective of the greater effectiveness of hypochlorous acid as a disinfection
agent, the need to maintain neutral pH will be driven by bather comfort and water
balance considerations.
These are key points to warrant further examination, and will be added to the
research agenda.


Comment:
5.7.4.3.2 ANNEX – For some pools and especially for spas, having the Total
Alkalinity (TA) be 80 ppm can lead to frequently rising pH when using
hypochlorite sources of chlorine or a saltwater chlorine generator. Lowering the
TA leads to greater pH stability in these situations because it is the TA itself that
is the cause of the rising pH through carbon dioxide outgassing. Canada
changed their minimum TA requirement to 80 ppm and I’ve heard complaints
from pool operators who had good pH stability at 50-60 ppm TA and now have
to add a lot more acid regularly at 80 ppm TA and add baking soda to keep the
TA up as well – a vicious cycle (carbon dioxide outgasses, so put more back in
by adding acid and baking soda! or add carbon dioxide back in through
injection). – As noted in the CODE, the ideal level is 80 – 120 PPM 50 to 80
PPM when using hypochlorite sources of chlorine and 80 to 150 PPM when
using other (net acidic) sources of chlorine. This acid neutralizing (buffering)
capacity of water is desirable because it helps prevent wide variations in PH (pH
bounce) whenever small amounts of acid or alkali are added to the POOL. Total
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alkalinity is a measure of water's resistance to change in pH and is a source of
rising pH itself from the outgassing of carbon dioxide. If total alkalinity is too low:
PH changes rapidly when chemicals or impurities enter the water. PH may drop
rapidly when using net acidic sources of chlorine or other acidic chemicals (e.g.
Trichlor, Dichlor, MPS), causing etching and corrosion. To lower total alkalinity,
add acid - The acid reacts with bicarbonates in the water and reduces the total
alkalinity. – REFERENCE:
i. You won’t find peer-reviewed scientific papers on this topic because the
chemistry is too fundamental (I already referenced the Wojtowicz paper in
my CODE comments, but that is not a traditional journal).
ii. Hypochlorite sources of chlorine and saltwater chlorine generators are pH
neutral when accounting for chlorine usage/consumption (except for the
“excess lye” in bleach and chlorinating liquid). See the following link for
chemical details: http://www.troublefreepool.com/post4367.html#p4367
iii. Basically, chlorine usage/consumption is acidic and compensates for the
rise in pH upon addition of hypochlorite (though obviously there’s a time
lag, but we’re talking average over time). The rise in pH over time from
such sources is primarily from carbon dioxide outgassing which can be
minimized by lowering the TA level. See also my comments for 5.7.4.4.1.
Changes to Module/Annex:
Agree with clarifying language; however the range of 80 – 150 ppm in the draft
has been expanded to 60 – 180 ppm because there is no health risk to alkalinity
values between 60-80 ppm or between 150 and 180 ppm. As stated in the annex,
minor deviations from the alkalinity levels stated in the code do not in themselves
present imminent health threats to the bathers. Furthermore, expansion of this
range will allow greater flexibility to the pool operator without harming pool
surfaces.


Comment:
5.7.4.3.3.1 ANNEX – Virtually all studies of disinfection by-products show a
correlation between the active chlorine level and the rate of creation of those byproducts (for a given precursor load), though the long-term steady-state
depends on whether supplemental systems remove chemical precursors and
intermediates. This is the primary basis for DIN 19643 which specifies low 0.3
0.6 ppm FC without ozone and 0.2-0.5 ppm FC with ozone (no CYA used in
either case and the pH range is lower) and uses coagulation/filtration among
other techniques for removal of chemical precursors and intermediates.
Operators in Europe following DIN 19643 have a very hard time trying to
maintain 0.2 or 0.3 ppm FC in their pools so tend to run at the higher 0.5-0.6
ppm range, but if one were to use CYA in the pools, then one could have very
ample chlorine reserve (FC) of 5-10 ppm with only 20-30 ppm CYA for an active
chlorine level at pH 7.5 that is equivalent to around 0.2 ppm FC with no CYA
when the FC is around 20% of the CYA level or 0.35 ppm FC with no CYA when
the FC is around 30% of the CYA level. Your text regarding shock oxidizers is a
repeat of what is found in section 4.7.3 so should be deleted. – Levels of
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chloramines and other volatile compounds in water can be minimized by
reducing introduction of contaminants that lead to their formation (e.g., urea,
creatinine, amino acids and personal care products), as well as by use of a
shock oxidizer (e.g., potassium monopersulfate) or supplemental water
treatment. Effective filtration, water replacement, and improved BATHER
hygiene (e.g., showering, not urinating in the POOL) can reduce contaminants
and chloramine formation. Maintaining a lower active chlorine level also
reduces the rate of creation of disinfection by-products and gives secondary
disinfection systems and coagulation/filtration systems a greater opportunity to
destroy or remove chemical precursors and intermediates. Shock dosing with
CHLORINE can destroy inorganic chloramines that are formed. Some research
shows that non-CHLORINE shock oxidizers reduce the propensity to develop
chloramines. However, this research has not been peer-reviewed to date. The
USEPA has determined that manufacturers of “shock oxidizers” may advertise
that their “shock oxidizer” products “remove,” “reduce,” or “eliminate” organic
contaminants (http://www.epa.gov/oppad001/shock_ltr.htm). – REFERENCE:
There are so many studies on disinfection by-products (as I’ve mentioned in my
comments to section 5.7.3.1.1.3) that I’m just going to give you a small
sampling.
i. Shang C, Blatchley ER 3rd. Differentiation and Quantification of Free
Chlorine and Inorganic Chloramines in Aqueous Solution by MIMS.
Environmental Science & Technology. 1999;33(13):2218-2223. (see Table
1 “tri” values vs. chlorine dose).
ii. Li J, Blatchley, ER 3rd. Volatile Disinfection Byproduct Formation Resulting
from Chlorination of Organic-Nitrogen Precursors in Swimming Pools.
Environmental Science & Technology. 2007;41(19):6732-6739. (“The
formation of trichloramine was strongly dependent on the Cl/P molar
ratio…”).
iii. Blatchley, ER 3rd, Cheng M. Reaction Mechanism for Chlorination of Urea.
Environmental Science & Technology. 2010;44(22):8529-8534. (see
Figure SI-1 in supporting info showing NCl3 vs. Cl:P ratio).
iv. Honga HC, Lianga Y, Hanb BP, Mazumderc A, Wonga MH. Modeling of
trihalomethane (THM) formation via chlorination of the water from
Dongjiang River (source water for Hong Kong's drinking water). Science of
the Total Environment. 2007 Oct 15;385(1-3):48-54. (THM formation
positively correlated with chlorine dose to DOC ratio).
v. Judd SJ, Bullock G. The fate of chlorine and organic materials in
swimming pools. Chemosphere. 2003 Jun;51(9):869-879. (eventually,
steady-state is reached; implication is levels will be higher if precursors and
intermediates are not removed)
Changes to Module/Annex:
General comment. No action necessary. Chlorine levels in the code are
supported by the evidence provided. In the management of recreational pool
facilities a most desirable factor is to reduce the disinfection by-products.
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However, such an result obtained only by reducing free active chlorine must take
into consideration the threat of disease-causing organisms which might be
allowed to develop in the facility. This choice is clearly one considering the
present threat of danger from disease, which is clearing documented in observed
outbreaks, versus the theoretical danger which may be posed by exposure to the
by-products. The MAHC supports the prevention of disease by maintaining
adequate free chlorine levels. The MAHC supports the minimization of
disinfection by-products with best practices for ventilation, the application of
management actions when combined chlorine exceeds the standard, and the use
of secondary disinfection systems to reduce by-product concentrations.


Comment:
5.7.4.3.3.6 ANNEX – Calcium Hardness (CH) alone does not cause scaling. It is
the combination of high pH, TA and/or CH as reflected in the Calcite Saturation
Index (Langelier never wanted the index named after him) that determines
whether scaling is possible. One can readily operate a pool with 1000 ppm CH by
maintaining 50 ppm TA and pH 7.5, for example. What evidence do you have that
high CH reduces effectiveness of disinfectants? Furthermore, the lack of calcium
does not dissolve metallic parts of the pool. If the calcite saturation index is
negative, as can occur with low CH levels, then the possibility for dissolving
calcium carbonate from plaster exists. Metal corrosion is much more a function of
low pH and is not caused by low CH or a negative saturation index directly (there
is some controversy with regard to the ability of calcium carbonate scale to protect
pipes). The saturation index is only a measure of saturation of calcium carbonate
in the water. A detailed derivation of the index may be found near the end of my
PoolEquations.xls spreadsheet that I am sending separately. By the way, there is
another related index known as the Calcium Carbonate Precipitation Potential
(CCPP), but that is still based on the calcite saturation index. -- Calcium hardness
of 200 - 400 PPM (MG/L) is preferred for proper calcium carbonate saturation and
for avoiding soft-water scale found in spas and hot tubs when other water
parameters are near their nominal levels. Too much calcium causes cloudiness
and scale formation. It also reduces the effectiveness of disinfectants. Too little
calcium, especially when combined with low PH or low Total Alkalinity can also
lead to “aggressive water,” which can dissolved calcium carbonate from plaster
metallic parts of the POOL (walls, floor, hand rails, ladders, light fixtures, and
equipment), and also cause discolored water or stains on the POOL walls and
floor. – REFERENCE: Editorial. No scientific basis for your recommendation has
been presented in your ANNEX section. See the following interesting discussion
among corrosion experts regarding the applicability, or lack thereof, of the
Langelier Saturation Index as a predictor of metal corrosion: http://www.corrosion
doctors.org/Cooling-Water-Towers/corrosivity.htm
Changes to Module/Annex:
Annex wording revised as follows and found at 5.7.4.3.3.2:
“Calcium hardness of 200 – 400 PPM (MG/L) is preferred for proper calcium
carbonate saturation and for avoiding soft-water scale found in spas and hot tubs
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when other water parameters are near their nominal levels. For venues with
water temperature greater than 90 degrees F, the range should be 100 to 400
PPM.
Too much calcium causes cloudiness and scale formation. It also reduces the
effectiveness of disinfectants. Too little calcium, especially when combined with
low PH or low Total Alkalinity can also lead to “aggressive water,” which can
dissolved calcium carbonate from plaster, as well as metallic parts of the POOL
(walls, floor, hand rails, ladders, light fixtures, and equipment), and also cause
discolored water or stains on the POOL walls and floor.”
It is generally recognized that high levels of minerals present in hard water, such
as calcium and magnesium , can reduce the effectiveness of a disinfectant when
dealing with any aqueous system. This happens because insoluble precipitates
are produced when the disinfectant interacts with the hard water minerals. The
corrosive nature of water under certain circumstances is well recognized. Larson
ratio, for example, relates to the corrosive effects of water. A number of papers
address the corrosive properties of water in designing specialty municipal water
systems. The point of this section is that optimization of water hardness
facilitates maintenance of other water parameters and protects integrity of the
facility.
LSI has been moved to the Annex, it is shown not to be effective in drinking water
systems.


Comment:
5.7.4.4.1 ANNEX – What you wrote regarding a low LSI is all that occurs from a
low pH. A low CH or TA by itself (i.e. at a higher pH) will not cause those
problems you listed. Though lowering Total Alkalinity (TA) takes more work, it is
not just about adding acid. To significantly speed up the process, aeration is
desirable, especially when the pH is kept lower (around 7.0) during the process.
One wants to drive out carbon dioxide from the pool. Acid addition lowers both
pH and TA while outgassing carbon dioxide raises the pH with no change in TA.
The net effect of acid addition with aeration at low pH is a lowering of TA only. –
A low Langelier Index (a value less than –0.5) can result in corrosion, BATHER
irritation and discomfort dissolving of the calcium carbonate in plaster and grout.
While it is always possible to lower the pH, it is not as simple with the total
alkalinity or calcium hardness. Lowering the total alkalinity will usually lower the
PH as well by a large amount is a time consuming process involving acid
addition with aeration at low pH. – REFERENCE:
i. See the chart in the following link:
http://richardfalk.home.comcast.net/~richardfalk/pool/CO2.htmthat tells you
how far out-of-equlibrium (i.e. over-carbonated) pool water is with respect
to carbon dioxide in the air. See also the following chart that explains the
process for lowering TA: http://x.havuz.org/viewtopic.php?f=16&t=390
ii. The process can be done more quickly at an even lower pH, but 7.0 was
selected to be able to be read in most phenol red pH tests.
Changes to Module/Annex:
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General comment. No action necessary. Addressed above. LSI has been
moved to the annex.
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Additional Documents Pertaining to
Disinfection and Water Quality Public Comments

Michael Robbins Letter:
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Disinfection and Water Quality – Jim Eisch

MAHC SECTION 5.7.3.2.1.2 – Basis for Change
Pinch A Penny is the world’s largest retail pool franchise with over 212 stores, and 37 years in
the business. We take pride in providing value, quality and superior service to our customers.
One way we achieve these goals is by educating our staff, sharing that knowledge with our
customers and throughout the process keeping things simple and practical. Congruent with that
business philosophy and based on our extensive ‘hands-on’ industry experience, Pinch A Penny
is strongly opposed to the Model Aquatic Health Code DRAFT Disinfection & Water Quality
Module proposing a reduction of the maximum allowable cyanuric acid level to 50 ppm. The
reason for the disagreement is provided through the following arguments.
Pinch A Penny retail outlets are a destination point for many pool service personnel providing
professional pool maintenance service to countless small commercial operations such as hotels,
apartment complexes and condominiums. Their chemical treatment program consists of disinfectants,
water balancers, shocking agents and ancillary products. The primary most frequent purchase for daily
sanitation is compressed trichlor tablets, sticks and pucks that represent the fundamental building block
of their maintenance program as a stable, reliable, effective and convenient disinfectant. They routinely
monitor cyanuric acid levels and adopt sensible practices such as routine partial drain and refill,
extended backwash periods for sand-filtered pools and use non-stabilized chlorine shocks in an effort to
maintain cyanuric acid levels below the acceptable maximum level of 100 ppm. This standard practice
has proven successful! Thus, the reduction of maximum allowable cyanuric acid in outdoor aquatic
venues to 50 ppm is unwarranted and without basis, even in the presence of the technical citations
contained in the annex of the DRAFT Disinfection and Water Quality Module regarding cyanuric acid
and its purported impact on bacterial kill rates. Additionally, if the lower maximum allowable cyanuric
acid is code-mandated, it will place undue and seemingly capricious limitations on a basic category of
industry-proven means of disinfection – stabilized chlorinated isocyanurates.
The needless reduction in the maximum allowable cyanuric acid to 50 ppm may compel many of
our direct commercial accounts to switch their primary disinfectant from trichlor to sodium
hypochlorite (bleach) or calcium hypochlorite. This potential shift is not inconsequential for the
following reasons.
1. Many existing small pools at multi-housing and room operations such as lodging, apartment
and condominiums have inadequate space in their equipment room to contain a combination
bleach and acid tank and accompanying feed equipment and piping. In order to provide
accommodation to switch to sodium hypochlorite may involve expensive capital investment at
a time when many operations are operating on a limited budget.
2. The application of bleach requires the constant delivery of muriatic acid to off-set the high pH
of sodium hypochlorite. This requires additional feed equipment and a level of aquatic
management involvement beyond what is currently required with the use of stable,
conveniently-applied stabilized chorine (trichlor) tablets, sticks or pucks. Additionally, the
presence of two notably incompatible chemicals (bleach + acid) which upon misapplication
and subsequent mixing produces chlorine gas (Cl2) could result in an unfortunate incident at
these densely populated lodging and multi-housing establishments.

Public Comment Response for Disinfection and Water Quality Code and Annex
Comment structure: Section – Basis – Recommendation – Reference (if provided)
111
Jim Eisch, cont.

3. In some municipalities the storage of sodium hypochlorite and muriatic in close proximity to
one another will require secondary containment. Herein resides another scenario wherein
the facility would have to make significant capital investment without receiving any
reasonable benefit.
4. We’d be remiss if we failed to bring to light the challenge of handling and storing large
quantities calcium hypochlorite – a comparatively much more reactive oxidizer than trichlor.
Calcium hypochlorite is a Class 3 oxidizer whereas trichlor is a nominal Class 1 oxidizer
Pinch A Penny maintains a close alliance with our commercial customers. We’ve performed
informal surveys of this customer base and the opinion is essentially unanimous – the
commercial pool service industry and multi-housing clients do not support the MAHC Disinfection
and Water Quality Technical Committee’s proposed 50 ppm maximum allowable cyanuric acid
level in outdoor aquatic venues. Pinch A Penny considers the impact of the MAHC Disinfection &
Water Quality module with respect to cyanuric acid will have broad-reaching negative and
counter-productive impacts at the point of application, by the applicator and the transportation of
products necessary to effectively treat small volume commercial outdoor aquatic venues. Pinch
A Penny requests that the industry standard acceptable cyanuric acid level of 100 ppm be
reinstated into the revised module.
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Disinfection and Water Quality – Greg Wiese

MAHC SECTION 5.7.3.2.1.2 – Basis for Change
Pinch A Penny is the world’s largest retail pool franchise with over 212 stores, and 37 years in
the business. We take pride in providing value, quality and superior service to our customers.
One way we achieve these goals is by educating our staff, sharing that knowledge with our
customers and throughout the process keeping things simple and practical. Congruent with that
business philosophy and based on our extensive ‘hands-on’ industry experience, Pinch A Penny
is strongly opposed to the Model Aquatic Health Code DRAFT Disinfection & Water Quality
Module proposing a reduction of the maximum allowable cyanuric acid level to 50 ppm. The
reason for the disagreement is provided through the following arguments.
Pinch A Penny retail outlets are a destination point for many pool service personnel providing
professional pool maintenance service to countless small commercial operations such as hotels,
apartment complexes and condominiums. Their chemical treatment program consists of
disinfectants, water balancers, shocking agents and ancillary products. The primary most
frequent purchase for daily sanitation is compressed trichlor tablets, sticks and pucks that
represent the fundamental building block of their maintenance program as a stable, reliable,
effective and convenient disinfectant. They routinely monitor cyanuric acid levels and adopt
sensible practices such as routine partial drain and refill, extended backwash periods for sandfiltered pools and use non-stabilized chlorine shocks in an effort to maintain cyanuric acid levels
below the acceptable maximum level of 100 ppm. This standard practice has proven successful!
Thus, the reduction of maximum allowable cyanuric acid in outdoor aquatic venues to 50 ppm is
unwarranted and without basis, even in the presence of the technical citations contained in the
annex of the DRAFT Disinfection and Water Quality Module regarding cyanuric acid and its
purported impact on bacterial kill rates. Additionally, if the lower maximum allowable cyanuric
acid is code-mandated, it will place undue and seemingly capricious limitations on a basic
category of industry-proven means of disinfection – stabilized chlorinated isocyanurates.
The needless reduction in the maximum allowable cyanuric acid to 50 ppm may compel many of
our direct commercial accounts to switch their primary disinfectant from trichlor to sodium
hypochlorite (bleach) or calcium hypochlorite. This potential shift is not inconsequential for the
following reasons.
5. Many existing small pools at multi-housing and room operations such as lodging, apartment
and condominiums have inadequate space in their equipment room to contain a combination
bleach and acid tank and accompanying feed equipment and piping. In order to provide
accommodation to switch to sodium hypochlorite may involve expensive capital investment at
a time when many operations are operating on a limited budget.
6. The application of bleach requires the constant delivery of muriatic acid to off-set the high pH
of sodium hypochlorite. This requires additional feed equipment and a level of aquatic
management involvement beyond what is currently required with the use of stable,
conveniently-applied stabilized chorine (trichlor) tablets, sticks or pucks. Additionally, the
presence of two notably incompatible chemicals (bleach + acid) which upon misapplication
and subsequent mixing produces chlorine gas (Cl2) could result in an unfortunate incident at
these densely populated lodging and multi-housing establishments.
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7. In some municipalities the storage of sodium hypochlorite and muriatic in close proximity to
one another will require secondary containment. Herein resides another scenario wherein
the facility would have to make significant capital investment without receiving any
reasonable benefit.
8. We’d be remiss if we failed to bring to light the challenge of handling and storing large
quantities calcium hypochlorite – a comparatively much more reactive oxidizer than trichlor.
Calcium hypochlorite is a Class 3 oxidizer whereas trichlor is a nominal Class 1 oxidizer
Pinch A Penny maintains a close alliance with our commercial customers. We’ve performed
informal surveys of this customer base and the opinion is essentially unanimous – the
commercial pool service industry and multi-housing clients do not support the MAHC Disinfection
and Water Quality Technical Committee’s proposed 50 ppm maximum allowable cyanuric acid
level in outdoor aquatic venues. Pinch A Penny considers the impact of the MAHC Disinfection &
Water Quality module with respect to cyanuric acid will have broad-reaching negative and
counter-productive impacts at the point of application, by the applicator and the transportation of
products necessary to effectively treat small volume commercial outdoor aquatic venues. Pinch
A Penny requests that the industry standard acceptable cyanuric acid level of 100 ppm be
reinstated into the revised module.
Basis for Change
KIK Pool Additives Inc. (formerly known as Chem Lab Products, which was founded in California in 1958)
produces and packages a full line or swimming pool and spa water treatment products. We have more
than 50 years of experience supplying millions of swimming pools and spas with their water treatment
needs. Chem Lab was one of the first companies to introduce chlorinated isocyanurates into the retail
marketplace.
Professional pool service organizations’ chemical treatment program consists of disinfectants, water
balancers, shocking agents and ancillary products. Their primary most frequent purchase is compressed
trichlor tablets, sticks or pucks that represent the fundamental building block of their maintenance program
as a stable, reliable, effective and convenient disinfectant. They frequently monitor cyanuric acid levels
and implement reasonable practices such as routine partial drain and refill, extended backwash periods for
sand-filtered pools and use non-stabilized chlorine shocks in an effort to maintain cyanuric acid levels
below the acceptable maximum level of 100 ppm. This standard practice has proven successful for many
years. Thus, the reduction of maximum allowable cyanuric acid in outdoor aquatic venues to 50 ppm is
needless and without foundation even in the presence of the technical citations contained in the annex of
the DRAFT Disinfection and Water Quality Module regarding cyanuric acid and its purported impact on
bacterial kill rates.
Although the annex to the MAHC cites several research papers and other sources to support the proposal
to reduce the maximum level of cyanuric acid to 50ppm, there does not appear to be any hard evidence
provided that CYA levels of between 50-100ppm in swimming pools has given rise to any serious problems
or health issues. Over the period of time that we have been operating there have been very few
complaints, reports or discussions of which we are aware about the problems that could be associated with
cyanuric acid at levels of even 100ppm, which makes it difficult to believe that a serious problem exists
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when they are used in the prescribed manner. In fact, on page 39 of the MAHC, the following statement is
made:
“Though the data shows using CYA reduces the inactivation time of many pathogens, the
committee would like to have a study done on specific pathogens and inactivation rates at differing
CYA levels, up to 200 PPM (MG/L). Further research on the inhibitory effect of cyanuric acid on
DISINFECTION should evaluate the level at which cyanuric acid can still protect CHLORINE from
UV and also balance the inactivation rate of the most common AQUATIC VENUE pathogens. The
effect of PH in the presence of cyanuric acid should also be investigated. Additionally, a test kit
should be created to test lower and higher levels of CYA. The current products on the market are
not very accurate and cannot read values lower than 30 PPM (MG/L) and higher than 100 PPM
(MG/L). During RWI outbreaks, it is strongly recommended that the investigation team measure
CYA levels.”
It appears to us therefore that the CDC has itself accepted that there is currently not sufficient research to
support the conclusion that a CYA level of more than 50ppm is problematic. Therefore, we would
respectfully suggest that moving now to place a limit of 50ppm is extremely premature. In light of the
CDC’s statement that more research needs to be undertaken, we question why it was decided at this
juncture to propose a limitation of 50ppms on CYAs.
Additionally, if the lower maximum allowable cyanuric acid is code-mandated, it will place undue and
seemingly impulsive limitations on a basic category of industry-proven means of disinfection – stabilized
chlorinated isocyanurates. The needless reduction in the maximum allowable cyanuric acid to 50 ppm will
compel many of our direct commercial accounts to increase the frequency with which chlorine is added to
their pools as a replacement for trichlor. Some commentators have speculated that this will result in a
higher utilization of sodium hypochlorite (bleach), and have highlighted risks that they believe will follow
from this as a basis for rejecting the CYA level reduction. In our view, the most likely outcome if the
proposed reduction is codified by the CDC is that the marketplace will move to calcium hypochlorite as a
more common way to deliver chlorine to swimming pools. Calcium Hypochlorite is commonly available in
granular form, but can also be purchased in tablet form. It is a commonly used shock treatment throughout
the country. Although not stabilized with cyanuric acid, it has a quick kill rate against algae and
chloramines and has 65% available chlorine per pound. Some other granular forms of chlorine are more
powder like and thus dissolve more rapidly than the larger granules of cal-hypo. Its popularity is due mainly
to its availability in granular form and low price, despite a high pH value of nearly 12, and the calcium
binders used which can contribute to higher hardness levels. However, there are significant risks that exist
with calcium hypochlorite, which it seems to us are greater than the risks of continuing to use CYA at up to
100ppms or using sodium hypochlorite as a means of maintaining chlorine levels in outdoor pools. Some
of those risks have been cited by the New Jersey Department of Health and Senior Services Hazardous
Substance Fact Sheet on Calcium Hypochlorite1, are:




Calcium hypochlorite can affect you when breathed in; it can irritate the nose, throat and
lungs
Contact with calcium hypochlorite can severely irritate and burn eyes and skin
Calcium hypochlorite may ignite or explode on contact with combustibles (such as wood,
paper and oil)

Additionally, it is our view that these proposed cyanuric acid limitations will inevitably lead to a permanent
loss of sales of not only our products but those of our competitors and customers as well. In business lost
sales leads to lower production, which ultimately results in the permanent loss of jobs. Clearly, human
health and safety is more important than business success. However, if the Model Code is to become a
national standard, the CDC needs to be absolutely certain that the data supports the conclusion that
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mandating the reduction of CYA levels to 50ppm will save lives or at least reduce a known number of
health issues or other that have been specifically linked to higher levels of CYA.
As there is very little if any evidence of health risks associated with the use of CYAs in the manner in which
they are currently being used for swimming pool disinfection, we would again question why it is considered
necessary at this juncture to mandate a limitation on their use, which would likely lead to the increased use
of chemicals that are far more hazardous.
We understand why the CDC believes there may be a need to unify the codes used throughout the United
States. From the supply side of the disinfection treatment of these swimming pools and spas, the codes
that will ultimately determine what are the acceptable forms of water disinfection need to be reasonable
and based upon well established risks to the people that enjoy using them. The use of a 100ppm Cyanuric
Acid maximum level has been the standard for many years. The risk of managing swimming pool
chlorination without these products may far outweigh any perceived benefits of reducing the CYA limit to
50ppm because if the task becomes too difficult the operators will simply stay away from the use of
isocyanurates potentially leading to rapid loss of chlorination leading to unsafe water for the public.
Additionally, these regulations need to be based on concrete evidence and not speculation. Based on the
CDC’s own statement, referenced above, it does not appear to us that there is currently sufficient concrete
evidence on which to base this proposal.
KIK’s primary core operating value is health and safety. We bring that commitment to everything that we
do. In this context, it informs our firm belief that there is not sufficient evidence to lead the CDC to
conclude that there is a valid reason to reduce the acceptable levels of cyanuric acid to 50ppm from levels
that have worked well, with little evidence of health or safety issues for decades. Not only is the science
not conclusive as to the need for the reduction, the likely unintended outcome of the reduction is a shift to
more dangerous chemicals by commercial and public pool operators.
We very much appreciate the opportunity to make this submission, and would welcome further discussion
with you if elaboration on any of the points we have made would be helpful.
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Disinfection and Water Quality – John Garcia

MAHC SECTION 5.7.3.2.1.2 – Basis for Change
Pool Corporation (Poolcorp), the world’s largest distributor of swimming pool supplies with over
3,200 professional employees and 290 worldwide locations, is committed to delivering
exceptional value, promoting business growth and expanding opportunities throughout the
industry and within its employee base. With those principles as the backdrop to our philosophy
and commitment, Poolcorp is dutifully submitting this comment in opposition to the suggested
language contained in Module Section No. 5.7.3.2.1.2. The basis for this opposition and
recommended change is as follows.
First, there is no practical benefit in reducing the allowable level of cyanuric acid in outdoor
aquatic venues from its current level of 100 ppm to 50 ppm. Many of our customers are service
personnel and multi-housing management staff that consistently rely upon the stable, convenient
application of trichlor tablets, sticks or pucks to treat their small, business-essential swimming
pools. The success of their past and current mode of disinfection using trichlor is demonstrated
by the extensive experience and continued reliance upon this means of treatment. To reduce
the allowable upper cyanuric acid limit to 50 ppm will have the following impractical and
unsustainable result:
1. Reducing the allowable limit on cyanuric acid to 50 ppm would require more frequent and
prolonged periods of water replacement. Not only is this unnecessary based on the
presumptive bacterial kill rate arguments outlined in the annex, it is in contradiction to the
water conservation measures being promoted at the municipal and state level – especially in
those geographical locations where water resources are limited due to naturally-occurring
arid conditions or reduced rainfall.
2. Many of our service and multi-housing management staff clients may be unnecessarily forced
to switch their primary disinfectant from trichlor to sodium hypochlorite (bleach) or calcium
hypochlorite. Such a shift may seem insignificant; however, this is absolutely not the case as
both of the other disinfectants involve requirements that in some cases may be beyond the
capacity and/or capability of these small aquatic operations. For example:
a. Many existing small pools at hotels, motels, condominiums and apartments have
limited space in their pump house/equipment room to house a combination bleach
and acid tank and accompanying feed equipment and piping. In order to
accommodate a switch to sodium or calcium hypochlorite, it may involve expensive
capital investment.
b. The application of bleach requires the constant delivery of muriatic acid to off-set the
alkaline character of sodium hypochlorite. This requires additional feed equipment
and a level of aquatic management involvement beyond what is currently required
with the use of stable, conveniently-applied stabilized chorine (trichlor) tablets, sticks
or pucks.
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3. Most service companies use pick-up trucks or vans to carry their equipment and chemicals
for treating commercial and residential swimming pools. These vehicles are limited in their
capacity to carry and/or haul chemicals. Restricting the maximum allowable cyanuric acid
level to 50 ppm in public/commercial outdoor aquatic venues typically treated by these
service companies and the potential shift to either bleach/acid or calcium hypochlorite will
place an additional burden on service personal and their ability effectively treat these pools.
For example, a 50-lb container of trichlor tablets, sticks or pucks with 90 percent available
chlorine is sufficient product to treat five (5) 20,000 gallon outdoor swimming pools on a
weekly basis for an entire month. To treat the same number of pools for the same time
period with sodium hypochlorite would require approximately 50-gallons of commercial grade
bleach which represents seven-times more volume of material – and this assessment does
not even consider the accompanying amount of 20°Baume muriatic acid to off the alkaline
effects of sodium hypochlorite.
We believe that the current proposed code language to reduce the allowable upper limit for
cyanuric acid to 50 ppm is impractical. PoolCorp believes the impact of MAHC Disinfection &
Water Quality module with respect to cyanuric acid will have broad-reaching negative and
counter-productive impacts at the point of application, by the applicator and the transportation of
products necessary to effectively treat small volume commercial outdoor aquatic venues.
PoolCorp requests that the industry standard acceptable cyanuric acid level of 100 ppm remain
in place.
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Disinfection and Water Quality – Dean Allred
MAHC Section 5.7.3.2.1.2
Basis for Change – submission for “Aqua Tri” company said the exact same thing.
Pool Water Products, a wholesale swimming pool equipment and supply distributor, prides itself
on providing value, quality and superior service to our customers. One way of achieving these
goals is by educating our staff, sharing that knowledge with our customers and throughout the
process keeping things simple and practical. Consistent with that business philosophy and
based on our extensive ‘hands-on’ industry experience, we strongly oppose the MAHC DRAFT
Disinfection & Water Quality (DWQ) module proposing a reduction of the maximum allowable
cyanuric acid level to 50 ppm. The reasons for this disagreement are provided in the following
arguments.
Our branches are a destination point for many pool service personnel providing professional pool
maintenance service to countless small commercial operations including hotels, motels,
apartment complexes and condominiums. Their chemical treatment program consists of
disinfectants, water balancers, shocking agents and ancillary products. However, their most
frequent purchase is compressed trichlor tablets, sticks or pucks that represent the fundamental
building block of their maintenance program as a stable, reliable, effective and convenient
disinfectant. They routinely monitor cyanuric acid levels and adopt sensible practices such as
routine partial drain and refill, extended backwash periods for sand-filtered pools and use of nonstabilized chlorine shocks in an effort to maintain cyanuric acid levels below the acceptable
maximum level of 100 ppm. This standard practice has proven successful for both the pool
service professional and the pool owner! Thus, the reduction of maximum allowable cyanuric
acid in outdoor aquatic venues to 50 ppm is unwarranted and without basis, even in the
presence of the technical citations contained in the annex of the DRAFT DWQ module regarding
cyanuric acid and its purported impact on bacterial kill rates. Additionally, if the lower maximum
allowable cyanuric acid is code-mandated, it will place unnecessary and seemingly capricious
limitations on a basic category of industry-proven means of disinfection – the stabilized
chlorinated isocyanurates.
The needless reduction in the maximum allowable cyanuric acid to 50 ppm may compel most, if
not all, of our direct commercial accounts to switch their primary disinfectant from trichlor to
sodium hypochlorite (bleach) or calcium hypochlorite. This potential shift is not inconsequential
for the following reasons.
9. The application of bleach requires the constant delivery of muriatic acid to off-set the high pH
of sodium hypochlorite. This requires additional feed equipment and a level of aquatic
management involvement beyond that currently required with the use of stable, convenientlyapplied stabilized chorine (trichlor) tablets, sticks or pucks. Many existing small pools at
lodging providers, apartments and condominiums have inadequate space in their equipment
rooms to contain both a bleach and an acid tank and the accompanying feed equipment and
piping. In addition, storing sodium hypochlorite requires considerably more storage space
than the equivalent amount of trichlor tablets. Switching to sodium hypochlorite may thus
involve expensive capital investment at a time when many operations are operating on a
limited budget.
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10. The presence of two notably incompatible chemicals (bleach + acid), which upon
misapplication and subsequent mixing produces chlorine gas (Cl2), could result in an
unfortunate incident at these densely populated lodging and multi-housing establishments. A
number of such incidents occur every year in the pool industry, resulting in evacuation of the
premises and a call to the fire department or even a hazmat team. The frequency of these
incidents is likely to increase significantly if a large number of establishments switch from
trichlor tablets to sodium hypochlorite.
11. In some municipalities the storage of sodium hypochlorite and muriatic acid in close proximity
to each another will require secondary containment. This scenario would also require the
facility to make significant capital investment without really receiving any reasonable benefit.
12. Switching to calcium hypochlorite would raise the challenge of handling and storing large
quantities calcium hypochlorite – a comparatively much more reactive oxidizer than trichlor.
Calcium hypochlorite is a Class 3 oxidizer whereas trichlor is a Class 1 oxidizer. A switch to
calcium hypochlorite may require special storage and handling beyond the capability of these
smaller establishments.
Our company maintains a close alliance with our commercial customers. Informal surveys of this
customer base indicate the essentially unanimous opinion that the commercial pool service
industry and multi-housing clients do not support the MAHC proposed 50 ppm maximum
allowable cyanuric acid level in outdoor aquatic venues. The impact of the MAHC DWQ module
with respect to cyanuric acid will have broad-reaching negative and counter-productive impacts
on the service personnel, on the pool owner, and potentially on the pool user. The negative
impacts include the increased transportation and storage of products necessary to effectively
treat small volume commercial outdoor aquatic venues. We therefore request that the industry
standard acceptable cyanuric acid level of 100 ppm be reinstated into the revised module.
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Disinfection and Water Quality – Basis for Change – Ellen Meyer
5.7.3.1.1.2.
2

No change to current wording. “Swimming pools and all other
aquatic venues using cyanuric acid: 2.0 ppm (MG/L).”

5.7.3.2.1.1

No change to current wording “Cyanuric acid or stabilized
chlorine products shall not be used at the following for all new
construction, modifications, or disinfection equipment
replacements after the effective date of this code:

5.7.3.2.1.2

1) All increased risk venues requiring secondary
disinfection as per Section 4.7.3.3.1.2 of this code;
2) All spas; and
3) All indoor venues.
No change to current wording “The cyanuric acid level at
outdoor aquatic venues shall remain below 50 ppm (mg/L).”

In the interest of preserving swimmer health, we would like to comment on the cyanuric acid provisions
in the draft model code. We agree with the use of 2.0 ppm chlorine in the presence of cyanuric acid, the
prohibition on the use of cyanuric acid in high risk venues, spas and indoor facilities, and the limit of 50
ppm for outdoor facilities. In case you receive comments disagreeing with this stance, we would like to
provide you with our rationale for supporting these sections of the draft, without change.
There is an abundance of laboratory data showing that kill times for bacteria, viruses, and protozoa are
increased in the presence of cyanuric acid. Some of these studies may be found in the list of references
below. Disagreements exist regarding whether the same effect is present in actual pool water and
whether the effect from cyanuric acid could constitute a public health threat. Real pool water is certainly
a more complicated system, with a much broader variety of chemicals and chemical reactions. However,
the essential principles of chemical equilibria remain the same, even if the system is more complex.
Although the basic dose response curve for killing pathogens may be shifted in the presence of other
chemicals, the same trends should be seen.
Because real pool water systems are so complex, it is extremely difficult to prove or disprove beyond a
reasonable doubt that cyanuric acid increases kill times. It is even more difficult to set a limit on what
level of cyanuric acid is acceptable. In concept, increasing the kill times for pathogens in pool water could
increase the risk to bathers if the kill delay is of sufficiently long duration to permit significant pathogen
titer to enter the body. However, we are not aware of any recreational water disease outbreaks that
have occurred due to high cyanuric acid concentrations. Determining the level of risk, and what level of
risk is acceptable is extremely difficult.
Based on the following studies, we conclude that cyanuric acid does increase kill times in real pool water,
that 50 ppm is a reasonable limit for outdoor pools, and that cyanuric acid should not be used in high risk
venues, spas and indoor pools where stabilization is not needed.
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In 1964, Favero et al. published an account of a two year study with 12 pools. Two of the pools used
sodium dichloroisocyanurate (“dichlor”) as the sanitizer for the entire season and one used dichlor for
half of the bathing season. The other pools used unstabilized sanitizers. It was found that at free
chlorine concentrations of more than 0.5 ppm, Pseudomonas aeruginosa was rarely found except in
those pools which used sodium dichloroisocyanurate as a pool disinfectant. Unfortunately, the
concentration of cyanuric acid in these pools was not reported.
In 1966, Kowalski and Hilton published a report from two studies showing no reduction of sanitizer
efficacy from use of cyanuric acid. The first study was performed with 15 pools in 1960. About half of
the pools had cyanuric acid present with average concentrations ranging from 25 to 40 ppm. The second
study in 1963 was conducted with 138 pools, 7 of which contained cyanuric acid. Information on the
concentration of cyanuric acid was not available in the second study, but neither study showed any
decreased sanitization from cyanuric acid. From the cyanuric acid data available in this report, it appears
that average cyanuric levels up to 40 ppm are acceptable.
In 1970, Black et al. published the results from a field survey of 193 public pools. They found that of the
55 pools containing at least 0.3 mg/l of free chlorine, 45, or 82% contained no coliform bacteria.
However, of the 28 pools containing a chlorine residual stabilized with cyanuric acid, only 18 or 64% were
coliform free. The cyanuric acid level was tested in 15 of the pools. In the pools showing free available
chlorine, the average cyanuric acid level was 58 mg/l. The authors point out that this agrees with findings
of other investigators who found that hydrolysis was greatly suppressed by levels of cyanuric acid greater
than approximately 50 mg/l.
In 1988 LeGuyader and Grateloup published results from a survey of 3750 pools in Paris, 72% of which
used hypochlorites and 28% of which used chlorinated isocyanurates (”ISOS”). They found that 60% of
the ISO pools showed the presence of Staphylococci, while 50% of the hypochlorite pools showed the
presence of Staphylococci. The percentage of pools with Pseudomonas was larger with ISOS (14% in ISO
sanitized vs 3% in hypochlorite sanitized water), and the percentage of pools with coliforms was also
larger (1.4% in ISO vs 0.33% in hypochlorite). The authors concluded that the “bacteriological quality of
water treated with hypochlorite is always better than that of water treated with chloroisocyanurate, all
parameters considered and whatever the size of the pool considered.”
In 1988, Yamashita et al. published a study in which water samples from 19 pools (9 treated with
trichloroisocyanuric acid (“trichlor”) and 10 treated with sodium hypochlorite) were used in laboratory
kill rate tests. In the 9 water samples from the trichlor pools, at more than 1.0 mg/l free available
chlorine and 25°C, more than 3 minutes of contact were needed to inactivate poliovirus. In 10 water
samples from the sodium hypochlorite pools, at more than 1.0 mg/l free available chlorine and 25°C,
poliovirus was completely inactivated after 40 seconds. The authors also conducted studies in chlorine
demand free buffer water and found that increasing cyanuric acid concentrations led to slower kill rates
for poliovirus, coxsackievirus, enterovirus and adenovirus.
In 1990, Yamashita et al. published a two part study. In the first part they obtained samples from 6 public
indoor swimming pools during 1988 and 1989. Three of the pools were treated with sodium hypochlorite
and three with trichloroisocyanuric acid. In the pools treated with trichlor, the measured cyanuric acid
concentration ranged up to 42 mg/l. All the samples were negative for adenovirus per 20 liters. Coliform
bacteria were detected in one sample with 26.7 mg/l cyanuric acid. Total plate counts ranged from 0 to 1
per ml in the swimming pools treated with sodium hypochlorite and 0 to 51 in those with trichlor. The
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percentage of samples from hypochlorite pools that tested positive for total bacterial plate counts was
8%, compared to 50% of the samples from pools treated with trichlor.
In the second part of this report, pool water was taken from these pools and laboratory kill rate studies
were performed. In 11 of 12 water samples of swimming pools using sodium hypochlorite, poliovirus 1
was inactivated within one minute under the condition of 1.0 mg/l free available chlorine and 25º C. In
11 of 12 water samples of 3 swimming pools using trichlor, poliovirus type 1 survived after 2 minute
contact while in 5 samples poliovirus type 1 survived after 5 min contact. The authors concluded that the
risk of viral infection is greater in swimming pool water treated with chlorinated isocyanurates than those
treated with sodium hypochlorite.
In 2004, Weidenbach published a Master of Public Health thesis on the statistical analysis of data
gathered in Pinellas County Florida on 486 outdoor public swimming pools between July and December
1992. Although this is not a peer reviewed journal publication, the Pinellas study is often quoted, so it
has been included here. The cyanuric acid concentrations in the pools ranged from 0 to 800 ppm, with a
mean of 60 ppm and an average of 79 ppm. The main conclusion of the thesis was that free chlorine was
the most important predictor of bacteriological water quality. Regarding cyanuric acid, analysis of the
data showed that it is not a statistically significant predictor of bacterial concentration. However, for
non‐coliforms, the data “suggest that hypochlorites are better at controlling non‐coliforms than
isocyanurates. Previous research on cyanurates demonstrates that cyanuric acid decreases the
effectiveness of free chlorine. The association found here supports these findings. Interestingly, cyanuric
acid was not a statistically significant predictor of any of the bacterial concentrations.”
In addition to these studies performed with pool water with human use, several researchers have
performed tests using synthetic bather load.
In a pair of studies in 1967 and 1969, Fitzgerald and DerVartanian performed tests with free chlorine and
chlorine in the presence of ammonia (i.e. combined chlorine). They saw that cyanuric acid increased the
time needed to kill bacteria with free chlorine, but not with combined chlorine. It has been argued that
the combined chlorine data are more representative of real world pool conditions. However, pools
should operate with free chlorine residuals rather than combined chorine residuals.
In 1980, Van Klingeren et al. published a study in which buffered bovine albumin solution was used as the
synthetic bather load. Similar to other laboratory studies, they found that addition of cyanuric acid
resulted in lower bacterial killing rates.
We are not aware of any real pool water studies performed to evaluate the effects of cyanuric acid on kill
rates of cryptosporidium, but in 2009, Shields performed a study in the lab and found that cyanuric acid
significantly decreased the rate of inactivation of crypto. Based on this data, facilities with a high risk of
crypto contamination should not use cyanuric acid.
In summary, the data presented here show that cyanuric acid decreases the kill rate of chlorine in both
the laboratory and in pools with human use. Although it is hard to pinpoint the exact concentration of
cyanuric acid that could cause an issue, a 50 ppm maximum is reasonable based on the data presented
here. Furthermore, for indoor pools where a stabilizer is not needed to maintain a chlorine residual, and
for spas and high risk venues, the potential increased risk of disease transmission can be avoided by
prohibiting the use of cyanuric acid in these venues.
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5.7.4.3.2.1

Total alkalinity shall be maintained in the range of 60 to 180
ppm (mg/L).

The range of 80 – 150 ppm in the draft should be expanded to 60 – 180 ppm because there is no health
risk to alkalinity values between 60‐80 ppm or between 150 and 180 ppm. As stated in the annex, minor
deviations from the alkalinity levels stated in the code do not in themselves present imminent health
threats to the bathers. Furthermore, expansion of this range will allow greater flexibility to the pool
operator without harming pool surfaces as explained below.
A minimum of 60 ppm can be sufficient protection from corrosion if the pH and calcium levels are kept
within the ranges prescribed in the current draft of the MAHC. Following is an example Langelier
Saturation Index (LSI) calculation for water with the following characteristics:
pH 7.6
Total Alkalinity = 60 ppm (LSI factor = 1.7)
Temperature = 76° F (LSI factor = 0.6)
Calcium = 400 ppm (LSI factor = 2.2)
Total dissolved solids = <1000 ppm (LSI factor = ‐12.1)
LSI = 7.6 + 1.7 + 0.6 + 2.2 – 12.1 = 0
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If the pool is being sanitized with a high pH, high alkalinity sanitizer such as sodium hypochlorite or
calcium hypochlorite, it is advisable to maintain alkalinity in the low end of the range. Particularly in
areas where the water hardness is high, in order to prevent cloudy water, it may be necessary to
maintain the alkalinity as low as 60 ppm. Alkalinity levels as low as 60 ppm do not “indicate poor
management of the water balance and should indicate a need for a thorough inspection of the entire
facility.” Rather, when using high alkalinity sanitizers, or in areas where the calcium hardness is high,
this practice may be considered prudent.
A maximum of 180 ppm can be sufficient protection from scale if the pH and calcium levels are kept
within the recommended ranges in the current draft of the MAHC. Following is an example LSI
calculation for water with the following characteristics:
pH 7.2
Total Alkalinity = 180 ppm (LSI factor = 2.3)
Temperature = 84° F (LSI factor = 0.7)
Calcium = 200 ppm (LSI factor = 1.9)
Total dissolved solids = <1000 ppm (LSI factor = ‐12.1)
LSI = 7.2 + 2.3 + 0.7 + 1.9 – 12.1 = 0
If the pool is being sanitized with a low pH, low alkalinity sanitizer such as chlorine gas or
trichloroisocyanurate, it is advisable to maintain alkalinity in the high end of the range. In order to
prevent corrosion, it may be necessary to maintain the alkalinity as high as 180 ppm. Alkalinity levels as
high as 180 ppm do not “indicate poor management of the water balance and should indicate a need for
a thorough inspection of the entire facility.” Rather, when using low pH sanitizers, this practice may be
considered prudent.

5.7.4.3.3.6

Calcium hardness shall be maintained in the range of 150 to
1,000 ppm in pools and 100 to 800 ppm in spas.

Pool water calcium hardness shall be maintained between a minimum of 150 ppm and a maximum of
1,000 ppm as CaCO3, and ideally between 200 ppm and 400 ppm. In spas, calcium hardness shall be
maintained between a minimum of 100 ppm and a maximum of 800 ppm as CaCO3 and ideally between
150 ppm and 250 ppm.
We are unaware of any peer reviewed journal publications showing that calcium hardness up to 1000
ppm “can cause burning of the mucous membranes, as well as skin irritation on sensitive people”. It is
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also incorrect to say that calcium hardness levels up to 1000 ppm “reduces the effectiveness of
disinfectants.”
While calcium chloride and calcium hydroxide etc. can be slightly irritating to the skin and highly irritating
to the eyes, it is from contact to fairly concentrated solutions. For instance calcium chloride was
observed to produce severe irritation in the eyes of laboratory animals at a 33 and 38% solution of
calcium chloride thus requiring the labeling products with a risk phrase (R38) irritating to the eyes (1).
When a 38% solution of calcium chloride was applied to the skin of laboratory animals slight to moderate
irritation was observed after a 24 hour exposure (1). This equates to greater than 330,000 to 380,000
PPM of calcium chloride in pool water.
In addition, water hardness, based on calcium carbonate, in the USA can vary from less than 60 mg/L to
greater than 1,000 mg/L with this water being used for eating, drinking and bathing with no concern for
eye or skin irritation (2). Note: 60 to 1,000 mg/L is 60 – 1,000 PPM.
The statement ‐ “that high calcium is not healthy for swimming since it can cause burning of the mucous
membranes, as well as skin irritation in sensitive people” is not appropriate for several reasons:
1. Calcium levels, even high calcium levels in swimming pools are not likely to exceed the highest
level found in the USA, >1,000 PPM based on calcium carbonate, and if levels were that high the
pool owner would attempt to lower them – not due to concern for eye or skin irritation but due
to potential deposits scale, formation of cloudy water, etc.
Calcium chloride at 380,000 PPM failed to cause any significant skin irritation and produced
reversible eye irritation in laboratory animals. The levels expected to be present in a swimming
pool would be 0.02 to 0.1% or 200 to 1,000 PPM and would not be expected to produce any signs
of irritation to the skin or eyes.
Cloudy water and scale can be prevented and the LSI can be kept within the range prescribed in the
current draft of the MAHC if the pH and alkalinity levels are kept within the ranges prescribed in the
current draft of the MAHC. Following is an example LSI calculation for water with the following
characteristics:
pH 7.2
Total Alkalinity = 80 ppm (LSI factor = 1.9)
Temperature = 84° F (LSI factor = 0.7)
Calcium = 1000 ppm (LSI factor = 2.6)
Total dissolved solids = 1000 ppm (LSI factor = ‐12.2)
LSI = 7.2 + 1.9 + 0.7 + 2.6 – 12.2 = 0.2
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If the pool is being sanitized with a high calcium sanitizer such as calcium hypochlorite, or if the source
water has high calcium hardness, limiting the calcium concentration to 400 ppm may not be practical.
Calcium hardness concentrations up to 1000 ppm do not present imminent health threats to the bathers.
Nor do concentrations as high as 1000 ppm “indicate poor management of the water balance and should
indicate a need for a thorough inspection of the entire facility.”
References:
1. United Nations Environmental Program, OECD SIDS, Calcium Chloride, SIDS Initial Assessment
Report for SIAM 15, October 22‐25, 2002,
http://www.chem.unep.ch/irptc/sids/OECDSIDS/10043524.pdf
2. Briggs and others, 1977. U.S. Department of the Interior | U.S. Geological Survey
URL: http://water.usgs.gov/owq/hardness‐alkalinity.html Thursday, 16‐Jun‐2011
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Disinfection and Water Quality – Basis for Change – Kevin Maher
MAHC SECTION 5.7.3.2.1.2 -- Basis for Change
The American Hotel & Lodging Association (AH&LA) is the national organization
dedicated to serving the interests of the lodging industry with a key goal to strengthen,
promote and protect the industry. In that respect and knowledge that 14 of our partner
state association affiliates are located in the sunbelt where chlorinated isocyanurates,
more specifically trichlor tablets, sticks or pucks, are commonly used on smaller hotel
and lodging facility aquatic venues, the AH&LA is in opposition to the modules’ proposal
to reduce the maximum allowable cyanuric acid to 50 ppm. We urge the MAHC
Disinfection & Water Quality Technical Committee to put back 100 ppm as the maximum
allowable limit for cyanuric acid. The basis for this cited change is as follows.
Reducing allowable cyanuric acid levels to 50 ppm will very likely compel many small
aquatic venues not requiring secondary disinfection and currently using trichlor sticks,
tablets or pucks to consider other means of disinfection such as chlorine bleach (sodium
hypochlorite) or calcium hypochlorite. Although an effective and recognized chlorine
disinfectant, misapplication of chlorine bleach has resulted in more reported incidences
of school, aquatic and sporting complex evacuations than any other means of
disinfection. A few of the numerous incidences are listed below:
1. A power outage at an outdoor community pool resulted in the inappropriate and
undiluted mixing of chlorine bleach and acid (hydrochloric) resulting in the
production of chlorine gas (Cl2) sending twenty-one children to the hospital with
breathing difficulty with three being admitted to the pediatric intensive care unit.1
2. In 1995, a mix-up in receipt of pool chemicals and the failure of the custodial staff
to read the product labels resulted in the direct addition of acid to the chlorine
bleach tank and the inadvertent production of chlorine gas. The entire school was
evacuated and eighty-one students and the two custodians were taken to the
hospital with acute respiratory distress.1
3. On Friday, August 27, 2010, the Las Vegas Sun reported the evacuation of 1,500
patrons and hospitalization of twenty-six following what turned out to be a
malfunctioning valve on the aquatic venues’ sodium hypochlorite (bleach) delivery
system. The resulting over-chlorination generated noxious fumes leading to acute
respiratory distress. Although no one suffered long-term health effects, this is just
one more example of the challenge of handling sodium hypochlorite especially at
smaller aquatic venues.2
4. On January 16, 2011, eleven patrons were taken to the hospital with an additional
thirty-to-forty treated on the scene following a spill of chlorine bleach of limited
quantity – reportedly about one cup.3
Many of our association members with smaller pools and limited management staff will
be unduly burdened by the limited maximum allowable limit of 50 ppm on cyanuric acid.
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Many existing smaller aquatic venues located at member affiliates’ lodging and resort
facilities were designed and engineered for the continuous delivery of compressed
trichlor sticks, tablets or pucks through specification and installation of an NSF-listed
trichlor feeder.4 The footprint of these flow-through devices is significantly smaller
compared to the requirements of positive displacement sodium hypochlorite (bleach) and
acid systems. Many installations with a constrained footprint would be required to invest
significant capital in order to safely and effectively contain a bleach and acid feed
system.
Trichlor sticks, tablets and pucks are very stable in storage even under conditions
considered undesirable for chlorine bleach and calcium hypochlorite. These are the very
conditions that exist at most of our sunbelt association affiliate’s aquatic operations.
The convenient liquid physical form of chlorine bleach is overshadowed by its instability
as shown in the temperature dependent decomposition curve shown below.
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Similarly, the activity of calcium hypochlorite, although more stable than chlorine bleach,
is very susceptible to heat and humidity resulting in the accelerated loss of chlorine and
other possible reaction byproducts. The latter effect could create unwanted physical
hazards.
In summarizing, the American Hotel & Lodging Association is opposed to reducing the
maximum allowable cyanuric acid in outdoor aquatic venues to 50 ppm. The previously
outlined arguments are but a small sampling of the concerns our organization has with
the proposed language. We request the MAHC Disinfection and Water Quality Technical
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Committee to reinstate 100 ppm as the maximum allowable cyanuric acid in outdoor
aquatic venues not requiring secondary disinfection.
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MAHC Section 5.7.3
The need for guidelines for bacteria levels
Despite the fact that a major goal of the Disinfection and Water Quality (DWQ) module is to
provide guidelines for adequate disinfection of recreational water venues, there is very little
discussion of what the acceptable level of water treatment is from a bacteriological point of
view. The discussion generally assumes that the faster the kill time the better, but never defines
what the acceptable level of bacteria or other microorganisms in the water would be, except for
Cryptosporidium.
Over the years, the total heterotrophic plate count (HPC) and the total coliform count have been
used most often to define whether a swimming pool is bacteriologically satisfactory for use.
While the proposed limit for the HPC varies somewhat in various references, these two
parameters have been widely used to define whether the bacteria levels in a pool are under
control or not.
For example, one reference (Favero, et al., 1964) cited by the Annex to the DWQ module noted a
1961 standard prepared by the Public Health Service which proposed that: “Not more than 15
percent of the samples covering any considerable period of time shall either (a) contain more
than 200 bacteria per milliliter, as determined by the standard (35ºC.) agar plate count, or (b)
show positive test (confirmed test) for coliform organisms in any of five 10‐milliliter portions of a
sample or more than 1.0 coliform organisms per 50 mL when the membrane filter test is used.”
In years past, local health agencies would periodically test public pools for bacterial levels, but
budget restrictions have now severely restricted such testing. In most parts of the country, even
testing each public pool annually for bacterial levels is no longer done, much less on a more
frequent basis, due to the high cost of traditional lab testing in a microbiological lab. However, a
number of ready‐to‐use products are commercially available, which make measurement of
bacteria populations in water much more convenient and less expensive than traditional lab
methods. These products include pre‐made Petrifilm (from 3M Microbiology Products) and
dip slides (Easicult®, Sani‐Check and many others). Thus, measurement of bacterial levels in pool
water does not require sophisticated equipment, extensive training, or much time.
Thus, we recommend that the MAHC encourage local health departments to resume testing
recreational water venues for bacterial levels at least annually, as part of routine inspections, or
whenever there is evidence of operational problems. Additionally, any recreational water venue
requiring a secondary disinfection system (SDS) should be tested for bacterial levels more
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frequently, say once per quarter. In these systems, the presence of adequate chlorine and pH
levels does not provide any indication of how the SDS is performing.
Furthermore, the MAHC should discuss and recommend specific acceptable levels for bacteria
populations in recreational water venues covered by the MAHC.
The Maximum Contaminant Level (standard) for Total and Fecal coliform in drinking water has
been set at 0 cfu/100 mL of water by the US EPA.1 The HPC has also been used in drinking water
systems as an alternate method of proof of proper disinfection in distribution systems.1 It is
reasonable that the bacteriological standards applied to swimming pools should be no more
stringent than the standards for drinking water. Therefore, the Pinellas County pool study2 used
the following definition of a bacteriologically satisfactory pool: a heterotrophic bacteria
concentration of ≤ 500 cfu/mL and a total coliform concentration of 0 cfu/100 mL.
The most common indicators used for testing water quality include coliforms (total and fecal)
and heterotrophs (HPC). Coliforms, especially fecal coliforms, are commonly used since their
presence indicates fecal contamination of the pool water. The HPC is a good indicator of overall
disinfection performance, since the HPC includes a wide variety of bacterial species.
Other species have been recommended as alternate, potentially better, indicators of the pool
water quality. Both Staphylococci species and Pseudomonas aeruginosa have been suggested3
as indicators of health risk because both are shed by swimmers and are pathogenic. Schiemann4
tested the usefulness of several different bacterial indicators such as coliforms, fecal
Streptococci, Staphylococcus aureus, Pseudomonas aeruginosa, and HPC and found that
Staphylococcus aureus was the most useful indicator of bacteriologic pool water quality. Both
Favero, et al.5 and Seyfried, et al.6 concluded that total Staphylococci counts were the most
consistent indicators for predicting health risk for swimmers.
The World Health Organization (WHO) guidelines for recreational water7 indicate that “microbial
monitoring is generally needed in public and semi‐public pools” and that “samples of pool water
from public and semipublic pools should be monitored at appropriate intervals for microbial
parameters”. These guidelines recommend that the HPC, in weekly to monthly samples, should
be less than 200 cfu/mL and that either thermo‐tolerant coliforms or E. coli should be monitored
weekly to monthly and should be less than 1 cfu/100 mL. The WHO guidelines also recommend
weekly monitoring of Pseudomonas aeruginosa for public and semipublic hot tubs and natural
spas and for “public and semi‐public swimming pools when there is evidence of operational
problems (such as failure of disinfection or problems relating to filters or water pipes), a
deterioration in the quality of the pool water or known health problems”. Levels of
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Pseudomonas aeruginosa in disinfected pools should be <1 cfu/100 mL. In addition, the WHO
guidelines indicate that periodic testing for Legionella is useful, especially in hot tubs, in order to
determine that filters are not being colonized, and it is recommended that operational levels
should be <1/100 ml. Routine monitoring of Staphylococcus aureus is not recommended by the
WHO, although monitoring may be undertaken as part of a wider investigation into the quality
of the water when health problems associated with the pool are suspected. Where samples are
taken, levels should be <100 cfu/100 mL.
How fast do we have to kill bacteria in a pool?
If there is no sanitizer in the pool water, any bacteria introduced to the water will grow
unchecked over time. Bacteria grow by division, so that one cell splits into two, which grow and
then divide to become four, which become eight, etc. The bacteria population grows
exponentially, so that the growth in the bacteria population is fairly slow at first, but increases
rapidly over time.
In microbiology, the term “generation time” is defined as the average time for a bacterial culture
to double in population, that is, it is the average time between consecutive cell divisions. For
most known bacteria that can be cultured, generation times range from about 15 minutes to 1
hour under optimum growth conditions.
However, the generation time can increase considerably (that is, the growth rate slows down) if
the conditions are less than optimum, for example, if the availability of nutrients is limited, the
temperature is different than the optimum temperature, or if the bacteria are under any type of
stress. Simply changing the culture media can significantly slow the growth rate.
The conditions in a swimming pool are certainly not optimum for bacterial growth, even in the
absence of a sanitizer, due to the limited amount of nutrients in the water and lower than
optimum temperature. Therefore, the generation time for virtually all bacteria in pool water will
be at least 20 minutes and could be much longer. While there does not appear to be any
published research on the growth rates of bacteria in swimming pool water, some field trial data
could be useful in deriving generation times under typical pool conditions.
In order to maintain the bacteria population in the pool water below guideline levels, it is
necessary to kill the bacteria faster than they grow. If the killing rate is faster than the growth
rate, then the bacteria population will decrease over time until the bacteria population is nearly
zero. It won’t drop to zero due to the continuous re‐contamination of the water from outside
sources (air, fresh water, people, or the pool filter). On the other hand, if the growth rate is
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faster than the killing rate, then the bacteria population will continue to increase over time until
the bacteria population is out of control, well over the desired level.
There are just three possible states for the bacteria population in a swimming pool: 1) very high
and out of control, 2) very low and under control, or 3) switching between state 1 and 2 because
of a change in conditions, like a change in the sanitizer concentration. This is what was seen in
the Pinellas County field trial study.2 Most of the pools were in control and most of the rest
were obviously out of control because of inadequate free chlorine levels. However, there were
a few pools which appeared to be switching between these two states, that is, either they had
been out of control but sanitizer had recently been added, or the bacteria population was low
but very little free chlorine was present so the pools were liable to get out of control quickly if
contaminated.
Thus, in order to keep the bacterial population in the pool water under control, the killing rate
must be faster than the growth rate. In other words, the killing time must be less than the
generation time for that bacteria. If the killing time is less than about 20 minutes then the
bacteria population will be under control and the population will be less than the acceptable
limits.
It is not necessary to kill bacteria in seconds in order to keep the bacteria population under
control. In fact, requiring a killing time of seconds is essentially equivalent to requiring that the
pool water be virtually sterile, an unattainable requirement to impose on recreational water
venues. Moreover, requiring the water to be sterile is inconsistent with the proposed bacteria
limits discussed above and is a considerably higher standard than required for drinking water. It
is not necessary, nor is it expected, that the water in a swimming pool should have better
bacteriological quality than the water from a municipal drinking water system.
Requiring sterile conditions is unrealistic and unnecessary. For most bacteria, low‐level
exposure is inconsequential. The human body is constantly exposed to bacteria throughout the
day in all types of situations and activities. In fact, some low‐level exposure is useful in order to
allow the body to develop immunity. While everyone wants to limit their exposure to
pathogenic microorganisms and some microorganisms are more difficult to kill than others, it is
important to define an acceptable level of exposure and to set standards that do not require
extraordinary efforts to achieve unnecessary goals.
Cryptosporidium and Giardia protozoa are of major concern for swimming pools and other
recreational water venues, as these are pathogenic and it is known that chlorine is not very
effective against protozoa, requiring very long killing times at the free chlorine levels allowed in
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swimming pools. As a result, the MAHC requires secondary disinfection, such as UV or ozone
systems, in pools of higher concern. However, even in these cases, the maximum time for nearly
complete kill is 12 hours, see DWG module section 4.7.3.3, since secondary disinfection is
accomplished outside of the main pool on the circulation loop. Here, the intent is to keep the
Cryptosporidium and Giardia populations under control during routine operations, not to
sterilize the pool. If it is acceptable to take 12 hours to kill Cryptosporidium and Giardia
protozoa, then it should not be necessary to kill other microorganisms in seconds.
Section 4.7.3.3 of the Annex of the DWG module notes that “Based on their CT values, all other
pathogens [other than Crypto] will be inactivated within one hour if the facility is maintaining at
least one ppm of free chlorine”. Section 5.7.3.1.1 of the Annex provides a table of typical killing
(inactivation) times for various microorganisms. While not specified in this table, these times
represent the times to kill 99.9% (3 logs) of the population. Thus, these inactivation times
represent nearly complete kill of the microorganisms.
Relevance to Cyanuric Acid Limits
As described in Section 5.7.3.2.1 of the Annex to the DWQ module, the major reason given for
limiting the level of cyanuric acid (CYA) in recreational water is due to the increased killing time
for stabilized chlorine versus unstabilized chlorine. The mechanism leading to the increased
killing time is the same as the mechanism for stabilization of available chlorine. Namely,
cyanuric acid weakly binds available chlorine in a form that is in rapid equilibrium with
hypochlorous acid (HOCl) and hypochlorite ion (OCl), resulting in a lower instantaneous
concentration of the biocidal form (HOCl) and the form susceptible to UV destruction (OCl).
However, as described above, it is not necessary to kill bacteria in seconds or even a couple of
minutes in order to maintain the bacteria population under control. It is simply necessary to kill
bacteria before they can reproduce, which requires at least 20 minutes and normally much
more. For E. coli and other bacteria, increasing the killing time from less than a minute to a few
minutes due to the presence of cyanuric acid is of minor consequence. The bacteria are still
dead before they can reproduce and the bacteria population is still under control.
While it is desirable to kill pathogens quickly, it is also very important to maintain a residual of
available chlorine. A shorter killing time has no benefit if there is no available chlorine in the
water. Thus, cyanuric acid is used as a chlorine stabilizer against sunlight decomposition and the
trade‐off between maximum efficacy and chlorine stability is well‐known and acknowledged in
the industry. As noted in the DWQ module Annex, most of the increase in the killing time occurs
at the 25 ppm or so of CYA needed for maximum stability. Increasing the CYA levels above 25
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ppm increases the killing times only modestly. There is little benefit in limiting the CYA level to
50 ppm, as currently proposed for outdoor pools, versus limiting the CYA level to 100 ppm.
Furthermore, extensive field data2 indicate that pools can be maintained in bacteriologically
satisfactory condition, even when the CYA concentration is 100 ppm, or even higher. Therefore,
the CYA limit for outdoor pools should be changed to 100 ppm.
Raising the CYA limit to 100 ppm would allow the continued use of the chlorinated isocyanurate
products in the smaller commercial pools, such as motel and hotel pools and those in apartment
complexes or condominiums, where these products are now used extensively due to their
convenience and safe handling characteristics. Keeping the CYA at 50 ppm effectively bans the
use of the chlorinated isocyanurates from these swimming pools. Thus, a 50 ppm limit will
require these pools to switch to other products, raising costs and increasing the risk of chemical
incidents. Larger outdoor pools using sodium hypochlorite add CYA separately, and will not
normally use more than the 25 ppm needed for stabilization, since higher levels simply cost
more.
Viruses
The discussion above focused primarily on bacteria but viruses are also a concern in swimming
pools. Many viruses are readily susceptible to free available chlorine. Section 5.7.3.2.1 of the
Annex to the DWQ module showed kill times of less than one minute for four viruses at 0.5 ppm
FAC (and no CYA). But Annex section 5.7.3.1.1 notes that the kill time for some viruses
(Hepatitis A virus = 16 min) can be longer than for some bacteria (E. coli = < 1 min). However,
the kill times determined in pure water may not be directly applicable to swimming pools, as
some papers8,9 have reported that addition of various salts to the water can significantly
decrease the kill times for viruses when using free available chlorine. Thus, the kill times for
viruses in pool water may be significantly different than the kill times reported for pure water.
While some viruses may be more difficult to kill than bacteria, viruses can only grow inside of its
host organism. Thus, they do not replicate in pool water. Furthermore, due to the narrow range
of hosts for a given virus, human pathogens cannot replicate inside of bacteria, algae and other
microorganisms. Since viruses cannot grow in the pool environment, it is not difficult to kill a
virus before it replicates. The issue then becomes how fast do we need to kill, or inactivate,
viruses to reduce the exposure to swimmers to an acceptable level. As in the case of bacteria,
one should not expect to inactivate a virus in the short time required to move from an infected
swimmer to a nearby swimmer, since this essentially requires the pool water to be sterile. The
objective should be to keep the virus population in the water at a low level, which presents
minimal risk.
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There is some published data on the presence of viruses in pool water. Podewils and
coworkers10,11 reported on a 2004 outbreak of Norovirus illness associated with a swimming pool
in Vermont. The outbreak was associated with a failure of the chlorination system and poor
pool management. While Norovirus has a low infectious dose and is reportedly resistant to the
normal levels of chlorine used in swimming pools, they concluded that standard pool chlorine
concentrations may be sufficient to prevent Norovirus transmission.
The only previously reported12 pool outbreak of Norovirus in the U.S. was also associated with a
failure of chlorination. In 1990, Yamashita and coworkers13 reported on the levels of viruses
found in pools in Japan. They collected 24 water samples from 6 public pools. All samples were
negative for Adenovirus (per 20 liters), even though 3 of the 6 pools contained stabilizer.
There are also a few reports of pharyngoconjunctival fever associated with Adenovirus
transmission in swimming pools14‐17. Artieda and coworkers14 note that while the Adenovirus is
unusually resistant to disinfectants, swimming pool‐related outbreaks of viral infection are
highly uncommon. Thus it appears that the few reported outbreaks are chiefly related to
insufficient levels of disinfectant.
While viruses may be more difficult to kill in general than bacteria, the low incidence of
outbreaks associated with viruses indicates that standard pool chlorination levels are adequate
to control viruses in pools. Literature data18‐19 does indicate that the free available chlorine
concentration should be at least 1.0 mg/L to achieve reasonable virus kill times under swimming
pools conditions.
There appears to be insufficient data available to propose a desired and practical level of viruses
in pool water, especially considering the fact that viruses are much more difficult to test for than
bacteria. The WHO guidelines do not propose target levels for viruses.7 This may be an area
where additional research is needed.
Note that the mode of action for free available chlorine is slightly different for viruses than it is
for bacteria. In bacteria, the HOCl must diffuse into the cell where it reacts with and destroys a
variety of enzymes essential to the cell’s function and growth. The sulfur‐containing groups and
amino groups on various enzymes and proteins are the most susceptible groups in bacteria. For
viruses, the HOCl probably reacts both with the virus’ protein coat and directly with its DNA or
RNA.20‐22 Modification of the proteins in the protein coat by chlorination and oxidation causes
both chemical and physical damage while reaction with the DNA or RNA destroys the ability to
replicate.
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The Annex to the DWG module also discussed the effect of cyanuric acid on killing times for
viruses, which is similar to the effect on the killing time for bacteria, since the underlying reason
for the effect is the same.
Conclusions and Recommendations
1. The MAHC should recommend that recreational water venues covered by the MAHC should
be tested for HPC and coliform bacteria on some routine basis, at least once per year, by the
local health authority having jurisdiction.
2. The MAHC should recommend that recreational water venues covered by the MAHC should
be tested for HPC and coliform bacteria whenever there is evidence of operational problems.
3. The MAHC should recommend that recreational water venues requiring secondary
disinfection systems should be tested for HPC and coliform bacteria at least once per
quarter, by the local health authority having jurisdiction.
4. The MAHC should discuss and recommend specific acceptable levels for bacteria
populations. The following standards from the WHO guidelines should be adopted in the
MAHC: Pool water samples should have a Heterotrophic Plate Count (HPC) less than 200
cfu/mL and should contain less than 1 cfu/100 mL of coliform bacteria.
5. The target bacteria levels should recognize the fact that swimming pool water does not need
to be sterile in order to be bacteriologically satisfactory for swimmers.
6. The pool treatment standards recommended by the MAHC should be based on what it takes
to attain the bacteria standards above. In particular, the upper limit on cyanuric acid
concentration in section 5.7.3.2.1.1 should be raised from 50 ppm to 100 ppm.
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MAHC Section 5.7.3.2.1.1 Basis for Change
Occidental Chemical Corporation (OxyChem) wishes to provide detailed comment and further
input regarding a specific reference document previously submitted for review and
consideration by the MAHC Disinfection and Water Quality Technical Committee. The
referenced document is the Pinellas County Pool Study.1
The Pinellas County Pool Study conducted by OxyChem and the Pinellas County Health Unit in
1992 is one of few detailed observational studies on outdoor, public swimming pools. The
strengths of this study include data completeness and representativeness in that a large number
of variables covering pool characteristics, bacteriologic water quality, and chemical water quality
were collected for a large number of outdoor public pools. Thus, these measurements represent
a realistic snapshot of outdoor public pool water quality.
In 2004, the National Swimming Pool Foundation (NSPF) funded a research project headed by
Dr. Christine Moe of Emory University to re‐analyze the data in the Pinellas County Pool Study.
The results were reported in a thesis by Ms. Kelly Weidenbach, which was submitted to the
Department of Epidemiology, Rollins School of Public Health, Emory University, in partial
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fulfillment of the requirements for the degree of Master of Public Health in December 2004.2
We therefore submit Ms. Weidenbach's thesis for your consideration.
At the start of this project, OxyChem provided the Emory research group a spreadsheet with the
raw data, a copy of the original study report, and some details on the original study. After that,
Ms. Weidenbach and others in Dr. Moe's research group conducted their own, independent
analyses of the data.
The objectives of both the original study and the Emory re‐analysis were: 1) to determine the
relationships between pool characteristics, operation and maintenance, and chemical and
microbiological water parameters; and 2) to describe what predictors were most important in
determining the bacteriological quality of pool water.
The original statistical analyses performed by OxyChem included bivariate and stratified
analyses. They determined basic descriptive statistics by calculating the frequencies of all
categorical variables and the means of all continuous variables. They also obtained Pearson
correlation coefficients for all pair‐wise combinations of variables. The original OxyChem report
provided graphical representations of the relationships found to be significantly correlated.
They grouped pools into bacteriologically satisfactory and unsatisfactory pools and compared
the means of all variables for these groups. They used statistical t‐tests to determine whether
the means for these variables were meaningfully different between bacteriologically satisfactory
and unsatisfactory pools. Similar analyses were done for control of algae. However, all of the
analyses were unadjusted and did not control for potential confounders or effect modifiers.
The Emory University study, as reported in the Weidenbach thesis, consisted of an independent
and thorough re‐analysis of the raw data. This re‐analysis was more sophisticated than the
original analysis and included: 1) descriptive statistics, 2) logistic regression analysis, 3) multiple
linear regression analysis, and 4) parametric survival analysis.
Logistic regression analyses were used to describe pool parameters associated with
bacteriologically unsafe pools and pools with algae. These analyses included two‐way
interactions between remaining variables. The multiple linear regression analyses were used to
build mathematical models for a number of outcome variables, including free chlorine,
combined chlorine, cyanuric acid, pH, alkalinity, and TDS.
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Parametric survival analysis was used to determine which variables were important in
determining the heterotrophic bacteria, total coliform, non‐coliform, and fecal coliform
concentrations – key indicators determining a healthy recreational water environment in the
absence of a fecal incident. This analysis also included two‐way interactions between remaining
variables.
Overall, the results of the comprehensive Emory re‐analysis, a scholarly, published work product
of a graduate student of the Rollins School of Public Health – Emory University, were similar to
the results obtained from the original statistical analyses. While some conclusions changed due
to the inclusion of interactions between variables, both sets of analyses support the key finding
that free chlorine was the most important predictor of bacteriological water quality. Besides
free chlorine concentration, the use of a skimmer was also found to be an important predictor in
bacteriologic water quality. Pool surface condition was the only statistically significant predictor
of algae growth in pools.
The Emory re‐analysis found that the cyanuric acid concentration was not a statistically
significant predictor in the bacterial models. This confirmed the conclusion in the original report
that cyanuric acid does not significantly hinder the ability to control the bacteria levels in the
pool provided the free chlorine concentration is maintained in the desired range. Therefore,
limiting the cyanuric acid level to 50 ppm is not required to maintain bacteriologically
satisfactory pool water.
Summarizing, OxyChem considers the Emory group’s study, reported in the Weidenbach thesis,
to be a complete and independent re‐analysis of the data of the Pinellas County Pool Study.
Furthermore, the Weidenbach thesis is a scholarly supervised, published work product. The key
findings outlined in this correspondence and validated through the re‐analysis in the cited thesis
should be construed as a viable reference point for which discussions can ensue and decisions
made and supported. Taken together, the original Pinellas County Pool Study and the
Weidenbach thesis comprise a valuable, reliable scientific resource for understanding the
important parameters for proper control of swimming pools.
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MAHC Section 5.7.3.2.1
Basis for Change
The proposal by the Disinfection and Water Quality Technical Committee (DWQTC) to abolish
the use of cyanuric acid or stabilized chlorine products from all venues requiring secondary
disinfection would eliminate the benefits of chlorine stabilization in these venues which are
outdoors and could lead to undesirable consequences.
The DWQ module recommends eliminating the use of cyanuric acid or stabilized chlorine
products in “all indoor venues” because cyanuric acid is functionally targeted for outdoor use
where sunlight is present. However, the discussion below indicates that the same “indoor”
conditional provision should also be extended to venues requiring secondary disinfection, thus
allowing the use of cyanuric acid or stabilized chlorine products in outdoor venues requiring
secondary disinfection.
Previous work from Dr. E. Blatchley and his research group at Purdue University has described
many details of the formation of specific chlorine disinfection by‐products (DBPs) by chlorination
of precursor chemicals that may be present at significant levels in swimming pool water. A very
recent paper by Weng, Li and Blatchley (reference 1) examines the effects of UV irradiation on
the formation and destruction of DBPs. The results reported in this paper have a direct bearing
on the treatment of the venues using UV systems for secondary disinfection.
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The Weng, Li and Blatchley paper reports that the use of UV can increase the rate of free
available chlorine consumption by increasing the rate of formation of the DBPs. That is, the use
of UV speeds up the reaction between free available chlorine and the organic precursors to the
DBPs, possibly by initializing the decomposition of the precursors. The authors note that the
increase in free available chlorine decay rate is much faster than just the rate of direct UV
photolysis of free available chlorine. By itself, this just means that the feed rate of free available
chlorine must be increased somewhat to compensate for the higher consumption rate.
But the paper also makes the following two observations concerning potentially more serious
consequences of the use of UV treatment:
1. One of the DBPs which is produced significantly faster (by a factor of 5 to 67) during UV
treatment is CNCl (cyanogen chloride). This product has high volatility and is an irritant at low
concentrations in air. It is also toxic as it can hydrolyze to cyanide ion. CNCl is rapidly oxidized
by free available chlorine, if present at sufficient concentration. However, if the free available
chlorine concentration is depleted to low levels, then the CNCl is not destroyed and can build up
in the pool water and surrounding air.
2. If the free available chlorine concentration is depleted, then UV treatment can produce nitrite
in the treated water by photolysis of nitrate ion. (Also see reference 2.) Nitrite, in turn, can
react directly with secondary amines in the absence of free chlorine to form nitrosamines, a
family of highly potent carcinogens. Free available chlorine, if present, will rapidly oxidize nitrite
to nitrate, preventing the direct production of nitrosamines. While the nitrosamines will be
degraded by subsequent UV treatment, any nitrosamines formed could reside in the pool for up
to four hours before being pumped through the UV treatment unit.
Even very low levels of nitrosamines have a potentially greater health concern than the well‐
known trihalomethanes. To illustrate, the U.S. EPA Maximum Concentration Limit (MCL) for
total trihalomethanes in drinking water is 80 parts per billion. In contrast, the state of California
set a Public Health Goal, based on carcinogenicity, for nitrosodimethylamine (the main
nitrosamine found in drinking water) of 3 parts per trillion, and a Notification Level at 10 parts
per trillion. (http://www.cdph.ca.gov/certlic/drinkingwater/Pages/NDMA.aspx)
Based on these two possible results, the Weng, Li and Blatchley paper concludes that
“maintenance of free chlorine residual is critical in pool systems that use UV‐based treatment”.
That is, the free available chlorine concentration should be tightly controlled to ensure that
sufficient free available chlorine is present to minimize the production of unwanted DBPs.
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In contrast, the draft Code proposal to completely eliminate cyanuric acid stabilizer from
outdoor venues requiring secondary disinfection will make maintenance of the free available
chlorine residual much more difficult. Not only will the use of UV treatment increase the usage
rate of the free available chlorine, but there will be no stabilization against decomposition due
to sunlight exposure. Without a robust, automated feed system, the free available chlorine
levels in such an outdoor system will likely fluctuate considerably and could drop to very low
levels at times. Not only is this a hazard due to the lack of a residual disinfectant, but it also
leads to the increased formation of hazardous DBPs. The increased levels of these disinfection
by‐products could lead to additional eye and skin irritation and to higher levels of the
carcinogenic nitrosamines.
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MAHC Section 5.7.3.2.1.2
Basis for Change
The Isocyanurate Industry Ad Hoc Committee (IIAHC), an industry consortium of domestic and
international manufacturers of chlorinated isocyanurates, considers the decision by the Disinfection and
Water Quality (DWQ) Technical Committee to propose a 50 ppm limitation on cyanuric acid (CYA) in
outdoor venues to be unwarranted and mired with misleading interpretation and poorly founded
rationale.
The primary claim presented by DWQ Technical Committee (DWQTC) that cyanuric acid at 50 ppm results
in a substantial increase in kill time verses no cyanuric acid has merit in neat, laboratory‐controlled
settings but is impractical and unwarranted in ‘real life’ outdoor pool environments. A key basis for
supporting the higher 100 ppm cyanuric acid level is the 1992 Pinellas County pool study1 jointly
1

A comprehensive study on the microbicidal properties of stabilized and unstabilized chlorine and the relationship of other chemical
and physical variable in public swimming pools; a report of a study carried out in Pinellas County, Florida, Summer/Fall 1992.
Rakestraw LF, Nelson GD, Flanery DM, Pabst M, Gregos E, Plumridge AM, Vattimo RM. Occidental Chemical Corporation and
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conducted by Occidental Chemical Corporation and the Pinellas County Health Department. The strength
of this study include data completeness and representativeness in that a significant number of variables
covering pool characteristics, bacteriologic water quality, and chemical water quality were collected in a
large number of outdoor public pools.
Substantiation of the Pinellas County pool study was confirmed through a re‐analysis project at Emory
University performed by Ms. Kelly Weidenbach. Her thesis was submitted to the Department of
Epidemiology, Rollins School of Public Health, Emory University, in partial fulfillment for the degree of
Masters of Public Health in 2004.2 This work was a complete, independent, re‐analysis of the raw data
collected during the Pinellas County pool study. The results of the comprehensive Emory University re‐
analysis were comparable to the results obtained from the original Pinellas County statistical analysis.
The primary key finding was that free chlorine was the most important predictor of bacteriological water
quality. The re‐analysis further corroborated the original study findings that the cyanuric acid
concentration was not a statistically significant predictor in the bacterial models. This supplemental work
confirmed the conclusion in the original report that cyanuric acid does not significantly hinder the ability
to control bacteria levels in the pool provided free chlorine is continuously maintained in the desired
range.
Further to this point, a review of CDC’s Morbidity and Mortality Weekly Reports (MMWR) reveals that
equipment and operational failure has been cited on numerous occasions and is the predominant cause
of recreational water illnesses. In 1999, a faulty chlorine‐pellet dispenser and the failure to perform on‐
site water tests were identified as the causes of a dermatitis outbreak cause by Pseudomonas folliculitus.3
Two outbreaks of chlorine‐sensitive biological agents were recorded in July 2005 and May 2006, both of
which should have been totally prevented with proper aquatic monitoring, maintenance and/or
operational practices.4 Moreover, a 2008 summary of routine pool inspections concluded that
prevention of RWI’s at treated recreational water venues is dependent upon maintaining proper
disinfectant and pH levels and ensuring optimum water circulation and filtration – there was never
mention of or reference to cyanuric acid.5
A secondary basis for limiting cyanuric acid levels according to the DWQTC was the allegation that
cyanuric acid interferes with the total alkalinity test. Another superfluous justification!
Total alkalinity is the measure of an aqueous solution’s ability to neutralize acids to its bicarbonate (HCO3‐
1
) equivalence point. In simple terms, it’s the stoichiometric sum of the basic chemical species in a
solution exhibiting the ability to readily neutralize acid and thus provide pH buffering character. In
swimming pools, the primary contributor to total alkalinity is bicarbonate and carbonate.
Pinellas County Public Health Unit, Nov 1994. Reissued 2004. Available at:
http://www.oxy.com/OurBusinesses/Chemicals/Products/Pages/ACLandSodiumChlorite.aspx#acl
2
The Weidenbach work was funded by the National Swimming Pool Foundation (NSPF) and was supervised by Dr. Christine Moe of
Emory University.
3
Pseudomonas Dermatitis/Folliculitis Associated With Pools and Hot Tubs --- Colorado and Maine, 1999-2000. MMWR. 12/08/00;
49(48);1087-1091
4
Surveillance For Waterborne Disease and Outbreaks Associated with Recreational Water Use and Other Aquatic Facility – Associated Health
Events ‐‐‐ United States, 2005‐2006. MMWR. September 12, 2008/57(SS09); 1‐29
5
Violations Identified from Routine Swimming Pool Inspections ‐‐‐Selected States and Counties, United States, 2008. Morbidity and Mortality
Weekly Report (MMWR). May 231, 2010/59(19); 582‐587
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In confining its scope of discussion on the total alkalinity test to cyanuric acid, the DWQTC did not
recognize that other chemical components also contribute to the alkalinity test. Some of the ‘other’
chemical agents include borate (H2BO3‐1, HBO3‐2 and BO3‐3), phosphate (H2PO4‐1/HPO4‐2/PO4‐3) and silicates
(SiO3‐3), many of which are derived from EPA registered sanitizers.
For example, boron‐containing products are currently used extensively in recreational water treatment
applications. Of the 75 current active U.S. EPA registrations for sodium tetraborate pentahydrate
(Na2B4O75H2O), 63 are recreational water use categorized.6 In some instances, products are exclusively
sodium tetraborate pentahydrate as in the case with Proteam® Supreme™ (EPA Reg. No. 57787‐27) and in
other instances they are formulated with a chlorine donor, such as a chlorinated isocyanurate (i.e.,
trichloro‐s‐triazinetrione or sodium dichloro‐s‐triazinetrione) or calcium hypochlorite. The recommended
dosage can be as high as 204 ‐ 335 ppm as sodium tetraborate pentahydrate or 30 ‐ 50 ppm as boron
(B). This level of borate buffer can add significantly to the total alkalinity. It is important to note that all
water soluble boron‐containing derivatives end up as an unprotonated or protonated boric anion species
(e.g., BO3‐3, HBO3‐2, H2BO3‐1 or H3BO3) dependent upon the pH.
The test for total alkalinity requires a simple titration of a volume of water to a prescribed pH endpoint
using a strong mineral acid such as hydrochloric (HCl), nitric (HNO3) or sulfuric acid (H2SO4). The titration
endpoint is pH 4.5 which is conveniently determined through use of bromophenol blue indicator. Any
dissolved chemical that neutralizes the added acid contributes to the measured total alkalinity.
Contrary to one of reasons cited by the DWQTC for limiting cyanuric acid levels, the presence of cyanuric
acid, more specifically the ionized cyanurate anion (H2Cy‐1), does not ‘interfere’ with the total alkalinity
test – it simply titrates as alkalinity, that is, it is properly counted in the total alkalinity. If the goal is to
determine the bicarbonate alkalinity, which is used to calculate the Langelier Saturation Index, most test
kit manufacturers provide detailed guidance on how to calculate the “corrected” total alkalinity using of
the cyanuric acid concentration and a cyanuric acid factor.
An additional reason proposed by the DWQTC for imposing a 50 ppm cyanuric acid level resided with the
claim that cyanuric acid levels above 50 ppm may interfere with pH controllers or TDS meters by coating
electrodes. Citing cyanuric acid levels above 50 ppm as the single contributor of interference to pH
controllers without mentioning other known contributors is misleading and without merit.
Fouling of pH electrodes (e.g., controllers) is a common problem, including during use in swimming pools.
The primary problem exists with the requirement for a porous liquid‐junction for the reference electrode
wherein the porous junction is typically ceramic or Teflon®. Fouling, clogging and/or coating problems
are also caused by lime scaling, precipitation of other insoluble species on the porous surface and the
presence of swimmer byproducts such as body oils, fats, suntan lotions and other minimally‐soluble,
partially or non‐oxidized contaminants.
Electrode fouling can be minimized by a several technical options including installation of pH electrodes
with increased cross‐sectional area within the junction and the use of other electrode junction materials
6

http://www.pesticideinfo.org/List_Products.jsp?Rec_Id=PC34434&Chem_Name=Sodium%20tetraborate%20(pentahydrate)&PC_Code=011110,
%20011111&ProdStatus=Active&offset=0
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less susceptible to fouling or coating. Furthermore, the need to routinely clean and recalibrate pH
controller electrodes is a simple reality, whether cyanuric acid is present or not, as substantiated by
CDC’s identified need for greater operational oversight.7
The same argument exists with respect to the DWQTC’s inference that cyanuric acid above 50 ppm as the
sole cause of interference with TDS meters. As commonly recommended by TDS meter manufacturers,
TDS cells and/or electrodes should be routinely cleaned by soaking the cell and/or tip in a mild acid
solution such as vinegar or dilute hydrochloric acid to remove inorganic precipitants. For insoluble or
low‐solubility organic contaminants, the TDS cell and/or electrode can be effectively cleaned with alcohol
or bleach solution followed by drying with a soft, non‐abrasive cloth.
In summary, there are many agents and contaminants that can cause interference of pH controllers and
TDS meters. To selectively call out cyanuric acid above 50 ppm as the sole cause delivers a limited and
narrow viewpoint to the readers and applicators.
Another assertion presented by the DWQTC says that cyanuric levels above 50 ppm significantly lowers
the oxidation potential of the pool water and thus interferes with the ability of available chlorine to
oxidize organics in water. While there is a measurable reduction in oxidation potential (ORP reading)
with increasing cyanuric acid concentration, this does not necessarily significantly impair the ability of the
available chlorine to oxidize organics. The oxidation will still proceed readily, since considerable
oxidation power is still present, however, the rate at which oxidation occurs may be slower.
As a primer we must visit some fundamental components of chemistry. First, chemical equilibrium is for
the most part determined by Le Chatelier’s principle.8 Furthermore, chlorination chemistry at the typical
pH values of swimming pool water (7.2 – 7.8) is determined by the acid dissociation between
hypochlorous acid (HOCl) and hypochlorite anion (OCl‐1) – noting that it’s the acid form (i.e., HOCl) that is
primarily responsible for chlorine’s oxidative and biocidal activity. The acid dissociation constant (Ka) for
HOCl is 3.2 x 10‐8 which, at a pH of ~7.5, corresponds to approximately one‐half of the available chlorine
existing as HOCl and one‐half as hypochlorite anion (OCl‐1), regardless of the concentration.9
Hypochlorous acid (HOCl) is a stronger oxidizer than the hypochlorite (OCl‐1) anion. As HOCl is consumed
in its role as an oxidizer and biocide, it is partially replaced via a shift in the HOCl/OCl‐1 equilibrium via the
kinetically favored and previously mentioned Le Chatelier’s equilibrium principle.
In a similar fashion, when cyanuric acid is present, there is a also a rapid equilibrium between HOCl and
the various chlorinated isocyanurates in solution. HOCl is a stronger oxidizer than the various chlorinated
isocyanurates. As HOCl is consumed, it is partially replaced via a shift in the HOCl/chlorinated
isocyanurate equilibrium via the Le Chatelier principle. The chlorinated isocyanurates function as a HOCl
7

Surveillance For Waterborne Disease and Outbreaks Associated with Recreational Water Use and Other Aquatic Facility – Associated Health
Events ‐‐‐ United States, 2005 – 2006. MMWR. September 12, 2008/57(SS09); 1‐29
8

If a chemical system at equilibrium experiences a change in concentration, temperature, volume or partial pressure, then the
equilibrium shifts to counteract the imposed change and a new equilibrium is established.
9
-1
+1
-8
HOCl ↔ OCl + H
Ka = 3.2 x 10
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buffer, that is, the chlorinated isocyanurates in solution serve as a reserve source of HOCl, maintaining a
steadier concentration of HOCl when a chlorine demand is present.
As for the effect of cyanuric acid on oxidation potential, Tachikawa and coworkers10 have reported data
on the rates of oxidation by chlorine in the presence of cyanuric acid. For one material, the oxidation
rates were found to be slowed by only about 30 percent when cyanuric acid was increased from ~2 ppm
(0.015 mM) to ~80 ppm (0.61 mM). For another substrate, cyanuric acid had a larger effect on the
oxidation rate. It appears that the chlorinated isocyanurates can oxidize some materials directly, but for
other substrates, HOCl must be released.
The available chlorine in pool water must also be able to oxidize any amines present, otherwise the
amines will bind the available chlorine as chloramines, which are less effective biocides. Reading,
Morgan and Purser11 conducted a kinetic study of the reaction of monochlorocyanuric acid with
ammonium ion at pool water conditions. They found that monochlorocyanuric acid reacts directly with
ammonium ion, it does not need to dissociate to HOCl first. As a result, the reaction rate did not change
when excess cyanuric acid was present and was relatively independent of pH over the range 5.7 to 7.8.
Thus, the presence of CYA can slow the oxidation rate for some organic compounds, but it has less effect
on the oxidation of more reactive organic compounds and has no effect on the reaction rate with amines.
The major reason given for limiting cyanuric acid levels is that cyanuric slows the rate of kill. Work by
Morgan, et al. and Swatek, et al. confirmed the tendency that bactericidal inactivation rates with chlorine
in purified water were noticeably affected by the addition of cyanuric acid.12,13 But this effect was much
less pronounced when the experiments were done in pool water. In pool water, other dissolved
materials can also react with the available chlorine, thereby mitigating the effect of the cyanuric acid on
the bactericidal inactivation rates. For example, Tachikawa and coworkers12 also showed that cyanuric
acid actually increased the rate of oxidation by monochloramine, indicating that cyanuric acid can
somewhat compete with ammonia for the available chlorine in pool water. Similarly, Yamashita and
coworkers14 reported that while the inactivation rates for several virus strains with free chlorine were
decreased by the addition of cyanuric acid, when the experiments were repeated with ammonia present,
the inactivation rate for poliovirus actually increased when cyanuric acid was added. They concluded
that the effect of cyanuric acid on available chlorine is dependent on the condition of the chlorinated
water.
In summary, the proposed 50 ppm limit on cyanuric acid in outdoor venues is an unacceptable and
indefensible restriction. As discussed in the draft Annex, the proposed limit is based on a number of
10

Effects of isocyanuric acid on the monochlorodimedone chlorinating rates with free chlorine and ammonia in water. Tachikawa M,
et al., Water Research. 2002; 36:2547-2554.
11
Cl atom transfer to ammonium ion from monochlorocyanuric acid, a common agent in swimming pools. Reading D, Morgan J,
Purser G. Abstracts, 229th ACS National Meeting, San Diego, CA, March 13-17, 2005, CHED-590. AN 2005:187730
12
Cyanuric Acid – an Evaluation. Morgan GB, Gilcreas FW, Gubbins PP. Swimming Pool Age. 1966, May; 31‐38
13

14

The Chlorinated Cyanurates. Swatek FB, Raj H, Kalbus GB. Swimming Pool Age. 1967; July; 52‐55

The influence of cyanuric acid on the virucidal effect of combined available chlorine. Yamashita T, Sakae K, Ishihara Y, Inoue H.
Japanese J of Public Health. 1989; 36:353-6.
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reasons. However, the discussion above indicates that many of the proposed reasons have little merit.
The specific request to change the maximum allowable cyanuric acid concentration to 100 PPM (mg/L) is
thoroughly supported by scientific and time‐tested laboratory data and, more importantly, by field data.
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Exhibit A – Supportive documentation for sections 5.7.3.1.1.2 2), 5.7.3.2.1.1, and 5.7.3.2.1.2 of the
APSP Public Comment on MAHC module Disinfection and Water Quality.
This information comes directly from the APSP-11 Recreational Water Quality Standard.
APSP-11, Section A8.3 — Cyanuric acid
The 100 ppm limit is a common consensus among health authorities, for example:
U.S. CDC
WHO

100 ppm1
100 ppm2

“Ten State” Standard

100 ppm3

There is a degree of uncertainty in setting this value, but the consensus decision is not entirely arbitrary. The
following factors, which will be discussed in more detail, were considered when setting the limit for cyanuric
acid:
– Effective use levels of cyanuric acid;
– Cyanuric acid/chlorine equilibria;
– Effect of cyanuric acid on Oxidation Reduction Potential (ORP); and
– Effect of cyanuric acid on chlorine kill rates.
Effective use levels of cyanuric acid
Cyanuric acid (CYA, “stabilizer” or “conditioner”) is used to stabilize chlorine against destruction by sunlight.
Cyanuric acid is not recommended for indoor pools or spas where protection from sunlight is not necessary. 4
Stabilizer can be added to the pool as cyanuric acid, or introduced with stabilized chlorine sanitizers such as
dichloroisocyanuric acid and trichloroisocyanuric acid. Without cyanuric acid in the water, bright sunlight can
cause decomposition of most of the chlorine in pool water within an hour, as shown in the graph below.
Addition of 25 PPM (mg/L) of cyanuric acid to the water can greatly slow this reduction of chlorine. Maximum
stabilization occurs between 50 ppm and 100 ppm. No demonstrable increase in stabilization was seen above
100 ppm. The ideal range for cyanuric acid is 30 – 50 ppm when used. See figure 4.
1

U. S. Centers for Disease Control and Prevention and U. S. Department of Housing and Urban Development.
Healthy housing reference manual, chapter 14 (Atlanta: U.S. Department of Health and Human Services,
2006). http://www.cdc.gov/nceh/publications/books/housing/housing.htm#CONTENTS
2

Guidelines for Safe Recreational Water Environments, vol. 2, Swimming Pools and Similar Environments,
World Health Organization, 2006, ISBN 92-4-154680-8, p. xvii.
http://www.who.int/water_sanitation_health/bathing/bathing2/en/
3

Recommended Standards for Swimming Pool Design and Operation. Great Lakes – Upper Mississippi River
Board of State and Provincial Public Health and Environmental Managers, Illinois, Indiana, Iowa, Michigan,
Minnesota, Missouri, New York, Ohio, Ontario, Pennsylvania, Wisconsin, 1996 Edition. Published by: Health
Education Services, P.O. Box 7126, Albany, NY 12224, tel. (518) 439-7286.

Figure 4 – Impact of sunlight on chlorine residual

Impact of Sunlight on Chlorine Residual
Based on G.D. Nelson, Special Report No. 6862, Rev. May, 1975, Monsanto Indust. Chem. Co.,
p. VI-8, Fig. 41.
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Cyanuric acid/chlorine equilibria and the effect of cyanuric acid on oxidation reduction potential (ORP)
When cyanuric acid is used, hypochlorous acid is always in equilibrium with cyanuric acid-bound available
chlorine. As suggested by the equation in figure 5, the stabilization of chlorine residual results from a reaction
of free chlorine (hypochlorous acid or hypochlorite) with cyanuric acid to give cyanuric acid-bound available
chlorine.
This reaction is totally reversible, with a back reaction (to again reform hypochlorous acid) fast enough that
cyanurate-bound chlorine generally tests as free chlorine. Free chlorine that has reacted with cyanuric acid is
not permanently lost, but rather placed temporarily in reserve. However the affinity of chlorine for cyanuric
acid is strong enough that most of the “Free Available Chlorine” at any given point in time is bonded to
cyanurate and the hypochlorous acid concentration is only a fraction of what a free available chlorine test
and pH would indicate. This is reflected in an Oxidation Reduction Potential (ORP) that decreases as the
cyanuric acid concentration increases.
Figure 5 – Reaction of free chlorine with cyanuric acid

Cyanuric acid

Trichloroisocyanuric acid

Note: A molecule of cyanuric acid can react reversibly with up to three molecules of hypochlorous acid.

Figure 6 – Impact of cyanuric acid on oxidation reduction potential
Figure 6 adapted from chapter 13 of the Certified Aquatic Operator Manual, 4th edition (2003), Kent G.
Williams editor, National Recreation and Park Association.
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Effect of cyanuric acid on chlorine kill rates
Lowering the hypochlorous acid concentration can have a significant impact on the rates of any reaction for
which hypochlorous acid is involved in a rate limiting step. Specifically disinfection4 and oxidation5 of
contaminants can be slowed by the lowered hypochlorous acid concentration.
Generally speaking the rate of disinfection or the rate of oxidation of a contaminant in the water by
hypochlorous acid could be described by the following equation:6
–dN/dt = k [HOCl]a N
in which:
N represents a microbial concentration (such as deduced by a plate count) of the microbe to be killed
or the concentration of the oxidizable species (such as various organic compounds, breakpoint
susceptible chloramines, sulfide, or nitrite) to be destroyed;

–dN/dt represents the rate of loss of the microbe or oxidizable material;
k represents a rate constant;
a is a positive real number that is specific to the type of reaction involved; and
[HOCl] represents the hypochlorous acid concentration.
If this rate dependence on hypochlorous acid concentration is considered with the following equilibrium, it
can be seen that increasing cyanuric acid will decrease the HOCl concentration, which could have a negative
impact on sanitization and oxidation rates.

HOCl  CYA 
CYA  Cl  H 2 O

The effect of cyanuric acid on oxidation of organics7, kill rates of bacteria8 and viruses9, algae,10 and
protozoa11 has been demonstrated. Some authorities or standards have suggested adjusting the required
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2000
/
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G. Golaszewski, M. Clement, R. Seux, “Influence of Isocyanuric Acid on the Reactivity of Chlorine with
Creatinine in Swimming Pool Water, Journal Francais d’Hydrologie (1988), 19, Fasc. 2: 179-190.
8

J. R. Andersen, “A Study of the Influence of Cyanuric Acid on the Bactericidal Effectiveness of Chlorine,”
American Journal of Public Health 55, no. 10 (1965): 1629-1637.

G. P. Fitzgerald, M. E. DerVartanian, “Pseudomonas Aeruginosa for the Evaluation of Swimming Pool
Chlorination and Algicides, Applied Microbiology 17, no. 3 (1969): 415-421.

chlorine residual to the concentration of cyanuric acid to compensate for the reduction in rates of kill 12, 13,
14, 15, 16
. These studies are not fully comprehensive and applicability to real pools has not been demonstrated.
Specifically, we do not have any empirical evidence that a disease outbreak has been linked to a particular
cyanuric acid level in a properly sanitized pool (i.e., when at least 1 ppm free available chlorine was present in
the pool).
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Exhibit B – Supportive documentation for Sections 5.7.4.3.2.1 and 5.7.4.3.3.6 of the APSP Public
Comment on MAHC module Disinfection and Water Quality

5.7.4.3.2.1

Total alkalinity shall be maintained in the range of 60 to 180
ppm (mg/L).

The range of 80 – 150 ppm in the draft should be expanded to 60 – 180 ppm because there is no health
risk to alkalinity values between 60-80 ppm or between 150 and 180 ppm. As stated in the annex, minor
deviations from the alkalinity levels stated in the code do not in themselves present imminent health
threats to the bathers. Furthermore, expansion of this range will allow greater flexibility to the pool
operator without harming pool surfaces as explained below.
A minimum of 60 ppm can be sufficient protection from corrosion if the pH and calcium levels are kept
within the ranges prescribed in the current draft of the MAHC. Following is an example Langelier
Saturation Index (LSI) calculation for water with the following characteristics:
pH 7.6
Total Alkalinity = 60 ppm (LSI factor = 1.7)
Temperature = 76° F (LSI factor = 0.6)
Calcium = 400 ppm (LSI factor = 2.2)
Total dissolved solids = <1000 ppm (LSI factor = -12.1)
LSI = 7.6 + 1.7 + 0.6 + 2.2 – 12.1 = 0
If the pool is being sanitized with a high pH, high alkalinity sanitizer such as sodium hypochlorite or
calcium hypochlorite, it is advisable to maintain alkalinity in the low end of the range. Particularly in
areas where the water hardness is high, in order to prevent cloudy water, it may be necessary to
maintain the alkalinity as low as 60 ppm. !lkalinity levels as low as 60 ppm do not “indicate poor
management of the water balance and should indicate a need for a thorough inspection of the entire
facility.” Rather, when using high alkalinity sanitizers, or in areas where the calcium hardness is high,
this practice may be considered prudent.
A maximum of 180 ppm can be sufficient protection from scale if the pH and calcium levels are kept
within the recommended ranges in the current draft of the MAHC. Following is an example LSI
calculation for water with the following characteristics:
pH 7.2
Total Alkalinity = 180 ppm (LSI factor = 2.3)
Temperature = 84° F (LSI factor = 0.7)
Calcium = 200 ppm (LSI factor = 1.9)
Total dissolved solids = <1000 ppm (LSI factor = -12.1)

LSI = 7.2 + 2.3 + 0.7 + 1.9 – 12.1 = 0
If the pool is being sanitized with a low pH, low alkalinity sanitizer such as chlorine gas or
trichloroisocyanurate, it is advisable to maintain alkalinity in the high end of the range. In order to
prevent corrosion, it may be necessary to maintain the alkalinity as high as 180 ppm. Alkalinity levels as
high as 180 ppm do not “indicate poor management of the water balance and should indicate a need for
a thorough inspection of the entire facility.” Rather, when using low pH sanitizers, this practice may be
considered prudent.

5.7.4.3.3.6

Calcium hardness shall be maintained in the range of 150 to
1,000 ppm in pools and 100 to 800 ppm in spas.

Pool water calcium hardness shall be maintained between a minimum of 150 ppm and a maximum of
1,000 ppm as CaCO3, and ideally between 200 ppm and 400 ppm. In spas, calcium hardness shall be
maintained between a minimum of 100 ppm and a maximum of 800 ppm as CaCO3 and ideally between
150 ppm and 250 ppm.
We are unaware of any peer reviewed journal publications showing that calcium hardness up to 1000
ppm “can cause burning of the mucous membranes, as well as skin irritation on sensitive people”. It is
also incorrect to say that calcium hardness levels up to 1000 ppm “reduces the effectiveness of
disinfectants.”
While calcium chloride and calcium hydroxide etc. can be slightly irritating to the skin and highly
irritating to the eyes, it is from contact to fairly concentrated solutions. For instance calcium chloride
was observed to produce severe irritation in the eyes of laboratory animals at a 33 and 38% solution
of calcium chloride thus requiring the labeling products with a risk phrase (R38) irritating to the eyes
(1). When a 38% solution of calcium chloride was applied to the skin of laboratory animals slight to
moderate irritation was observed after a 24 hour exposure (1). This equates to greater than 330,000
to 380,000 PPM of calcium chloride in pool water.
In addition, water hardness, based on calcium carbonate, in the USA can vary from less than 60 mg/L
to greater than 1,000 mg/L with this water being used for eating, drinking and bathing with no
concern for eye or skin irritation (2). Note: 60 to 1,000 mg/L is 60 – 1,000 PPM.
The statement - “that high calcium is not healthy for swimming since it can cause burning of the
mucous membranes, as well as skin irritation in sensitive people” is not appropriate for several
reasons:
1. Calcium levels, even high calcium levels in swimming pools are not likely to exceed the highest
level found in the USA, >1,000 PPM based on calcium carbonate, and if levels were that high
the pool owner would attempt to lower them – not due to concern for eye or skin irritation
but due to potential deposits scale, formation of cloudy water, etc.
2. Calcium chloride at 380,000 PPM failed to cause any significant skin irritation and produced
reversible eye irritation in laboratory animals and levels expected to be present in a swimming
pool would be 0.02 to 0.1% or 200 to 1,000 PPM which would not be expected to produce any
signs of irritation to the skin or eyes.
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Cloudy water and scale can be prevented and the LSI can be kept within the range prescribed in the
current draft of the MAHC if the pH and alkalinity levels are kept within the ranges prescribed in the
current draft of the MAHC. Following is an example LSI calculation for water with the following
characteristics:
pH 7.2
Total Alkalinity = 80 ppm (LSI factor = 1.9)
Temperature = 84° F (LSI factor = 0.7)
Calcium = 1000 ppm (LSI factor = 2.6)
Total dissolved solids = 1000 ppm (LSI factor = -12.2)
LSI = 7.2 + 1.9 + 0.7 + 2.6 – 12.2 = 0.2
If the source water has high calcium hardness, limiting the calcium concentration to 400 ppm may not
be practical. Calcium hardness concentrations up to 1000 ppm do not present imminent health threats
to the bathers. Nor do concentrations as high as 1000 ppm “indicate poor management of the water
balance and should indicate a need for a thorough inspection of the entire facility.”

