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ABSTRACT

In recent years, there has been a renewed interest in aquatic
recreation. Swimming pools are used by millions of people for sports,
recreation, therapy and the promotion of good health through exercise.
However, there have been a number of recent cases of health complaints by
indoor pool users and operational staff.

To achieve a better understanding of the apparent problems an
extensive evaluation of environmental factors was performed along with a
parallel study of the character, frequency and extent of health problems
encountered by patrons and staff at three different swimming pool sites.
Monitoring was performed for: aldehydes, chlorine species, trihalomethanes
(THMs), total kjeldahl nitrogen (TKN), total organic carbon (TOC), non-target
organic chemicals, as well as aqueous and aerosolized microbial activity.
Chemical analyses of the air phase, including aldehyde measurements and
grab-sampling were also performed.

Formaldehyde and acetaldehyde were found to be present in some
pool waters at levels up to 3 mg/L and 0.8 mg/L, respectively. Formaldehyde
is well recognized for its irritant potential but air phase concentrations of
formaldehyde could not be detected. Free available chlorine and combined
chlorine residuals weis- found to be out of regulatory compliance at all sites at
one time cr another. Better characterization and monitoring of chlorine
species will have to be performed in order to differentiate between the
inorganic chloramines and organic chlorine compounds.

In addition, the participating swimmirg pools were found to present
higher heterotrophic plate counts (HPC) than allowable under regulation.

The swimming pool water also supported the presence of total coliforms (TC)



and fecal coliform (FC), as well as Pseudomonas aeruginosa on some
occasions. The problems in meeting the Provincial HPC regulation showed a
pattern of increase over the duration of the day, likely in response to bather
load.

There were strong correlations observed between aldehydes and
TKN, as well as between TOC and TKN. HPC were also correlated to TOC.
These findings suggest that water quality management should deal both with
the reducti-a of disinfection by-product precursors and with microbial
growth substrates.

Because chemical analyses performed on the air phase were unable to
detect any of the target aldehydes their role in causing irritant problems is
uncertain. Additional air phase work should include analysis of THMs,
chloramines and oxidants. Aerosol monitoring of the air phase revealed the
presence of some low levels of Gram-negative species which have been
reported to cause allergy symptoms at higher levels. More exhaustive aerosol
monitoring will have to be performed to assess the importance of aerosol

formation as a possible causative agent of the health effects reported.
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1. INTRODUCTION

Participation in sports and other recreational and social activities has
been particularly emphasized in recent years. With this new emphasis, an
increasing number of individuals are opting for aquatic activities (Griffiths
and Wilkinson 1986, Mandojana and Letot 1987). Swimming pools are used
by millions of people for sports, recreation, therapy and the promotion of
good health through exercise (Decker 1988, Sarnaik et al. 1986). The term
swimming pool now also includes a variety of recreational facilities, such as
wave pools, spas or whirlpools (jacuzzi) and water flume slides. These
innovations in aquatic recreational technology, in combination with a
heavier load of bathers, pose new challenges to the management of indoor
public swimming pool facilities (Shaw 1986). These changes have also
involved increasing managerial concern for water disinfection and control of

air quality at indoor pools.

1.1 Background

Concern for operational costs at indoor public swimming pools has
prompted management to promote greater energy efficiency. Programs have
often been implemented through recirculation of the indoor air at the
expense of reduced fresh make-up air from outdoors (Lawrence 1990, Shaw
1986). Closer control of disinfectant chemical dosages has also been
implemented (Penny and Winter 1984).

These changes have apparently been accompanied by increasing
health complaints by facility users and operational staff. Specifically, users
and staff have apparently experienced health symptoms including headaches,
nausea, lethargy and irritation of the eyes, nose and throat, coughing and

other symptoms associated with allergies and/or asthma. In some instances,



staff have taken sick leave and swimmers have stopped using the facilities.
Activities at some pools had to be severely curtailed (i.e. temporary closure)
until the problem was adequately addressed (Bénard et al. 1990, Christopher
1989).

Indoor air quality in non-industrial environments has become a
major concern in the past ten years. Consequently, health complaints in such
settings are investigated more frequently. Enclosed swimming pools
represent an environment with a greater potential for problems, since these
indoor facilities have high ambient temperatures and relative humidity.
Indoor environm .1 3 with excessive humidity can potentially contribute to
increased levels of pathogenic or allergenic organisms and promotion of
serious structural damage to building materials (Bénard et al. 1990). These
factors, combined with an energy conservation program under reduced air
exchange, yield an air quality that can give rise to increased airborne irritation
problems (Bénard et al. 1990).

The circumstances which have been described for air quality in
indoor public swimming pools may provide clues to the irritation problems,

which have only started to receive interest.

1.2 Scope of Project

Because chemical reactions which may produce irritant by-products
occur initially in the water phase, this project primarily examined the
aqueous phase as well as the enclosed pool atmosphere for potential irritants.
Waterborne chemicals can be volatilized and microorganisms can be
aerosolized to the overlying atmosphere of indoor swimming pool

enclosures (Mangione et al. 1985, Shaw 1986).



The use of chlorine for disinfection of swimming pools water is well-
established for private and commercial purposes. Although some agencies
have recommended alternative treatments, hypochlorite or chlorine gas are
still largely used for most private pools and all larger public pools with high
chlorine demands (Chiswell and Wildsoet 1989). Water research has
concentrated on the quality of chlorine disinfection and the formation of
disinfection by-products in drinking water. The literature on potential
sources of irritants i indoor swimming pools is far more limited. According
to White (1986) and the Centres for Disease Control (1976), the swimming
pool water should be of the same quality as drinking water. On this premise,
those disinfection by-products of interest to drinking water quality should
also be relevant to indoor public swimming pools. Those which are currently
receiving the greatest attention are the trihalomethanes, chloronitrogenous
compounds and low molecular weight aldehydes.

Initially this project was coordinated with a pilot epidemiological
survey to identify the frequency and extent of kealth complaints from the
patrons and staff at three different swimming pool sites. These pools then
became the target of an intensive sampling analytical survey for a variety of

chemical and microbiological factors.



2. REVIEW OF LITERATURE
2.1 Health Problems at Indoor Public Swimming Pools

The need for disinfection of water to control epidemics and outbreaks
of disease has long been recognized. Following a long evolution of water
treatment processes dating as far back as the Egyptians, chlorination has been
the disinfection process of choice (SDWC 1977). Disinfection of swimming
pool water has been performed by analogy to the already established processes
and techniques of disinfection for drinking water treatment.

The discovery of Rook in 1974, of various potentially noxious
chemical compounds found in drinking water following disinfection, has
raised concern about by-products formed by chlorine disinfection. Following
those earlier findings, researchers have been actively engaged in identifying
the sources of those disinfection by-products (DBP) and their impact on
health, as well as the potential for new disinfection methods.

Most of the pools in Canada are disinfected with chlorine in the
gaseous form or other chlorine releasing solid agents. Pulmonary toxicity
resulting from chlorine gas is well known from industrial accidents
(Mustchin and Pickering 1979). Direct chlorine toxicity is an ever-present
hazard at swimming pool sites but few incidences have been reported (Decker
1988). Proper training of equipment operators is very important and
knowledge in the fundamentals of pool water chemistry and use of this
knowledge in operating practices can only be beneficial for maintenance
programs and security at the facilities (Lowry & Associates 1989). Chlorine gas
is an unlikely active chiorine species to be found in the pool atmosphere
unless an accident causes a direct release of chlorine. The rapid and complete

hydrolysis of chlorine gas into hypochlorcus acid and hypochlorite ion at the



pH levels of pool water prevent chlorine gas from occurring once chlorine
has entered the aqueous phase (White 1986).

Indoor environments have also attracted the attention of the lay and
scientific communities as a potential reservoir of infectious diseases (Burge
1990). Indoor infectious aerosols arise from two principal sources: human
occupants and environmental conditions favouring proliferation of human
pathogens. This latter source is definitely the primary culprit in a moist and
warm indoor swimming pool environment (Burge 1990).

A growing number of people enjoy the benefits of public and private
swimming pools for sports, leisure activities and the promotion of good
health through exercise (Decker 1988). In recent years, health complaints by
pool-users and staff have apparently become more frequent. Health
complaints reported include the following symptoms: headache, nausea,
lethargy and irritation of the eyes, nose and throat, coughing and other
symptoms associated with allergies and/or asthma, usually experienced while
on the premises. A limited amount of research about the causes of symptoms
encountered at indoor public swimming pools has been performed. Recent
sources suggest that water quality management practices may be the source of
the problem (Shaw 1986).

If the water phase is the original source, problems can originate from
two classes of contaminant: chemical irritants and/or irritant micro-
organisms. Volatilization of chemical substances and formation of aerosols,
can be enhanced by facility installations like water flumes or wave generation.
These installations could enhance the transfer of the substances and micro-

organisms to the overlying atmosphere.



21.1  Potential Chemical Irritants Present as Disinfection By-Products

Before water is introduced to the swimming pool, it contains chlorine
as an anti-microbial agent and various other chemicals in trace levels.
Further treatment chemicals are added upon entry of water into the pool (e.g.
sanitizers, pH control agent, alkalinity control, etc.). Additional contaminants
are introduced by bathers in the form of sweat, urine, skin, hair-spray, body
lotion, and other excretions.

A series of complex chemical reactions occur from the admixture of
chemicals, resulting in the formation of simple and complex halogenated

compounds, and other organic and inorganic oxidation by-products.

21.1.1 Halogenated Organics

The formation of halogenated compounds, such as trihalomethanes,
as disinfection by-products in the chlorination process of water containing
organic contaminants is well documented (Rook 1974, 1975 and 1976, Trussell
and Umphres 1978, Montgomery 1985). Swimming pool aqueous environ-
ments are no exception (Kaas and Rudiengaard 1988, Benoit and Jackson 1987,
Aggazzotti and Predieri 1986, Beech et al. 1980). Trihalomethanes, and more
specifically chloroform (CHCI3), may pose a cancer risk in drinking water
(Canadian Water Quality Guidelines 1989). There is currently sufficient
evidence from experimental animals but inadequate human epidemiological
evidence to classify chloroform as a human carcinogen (Aggazzotti et al. 1990
and Christman et al. 1983).

Trihalomethanes would be expected to be continuously formed in
swimming pool water because of the continuous addition of organic

precursors). In turn, they would be continuously lost from the water by



evaporation or adsorption onto more lipophilic surfaces (Beech 1980). The

former would cause transport to the air phase.

Table 2.1 Trihalomethane Structures

TRIHALOMETHANES
II{ H
-C C
c I\C' Br** ‘\a
Ci Cl
Chloroform Bromodichloromethane
| |
wC ..C
Brw l \Cl Br\ l ~Br
Br Br
Dibromochloromethane Bromoform

In addition to the THMs species, other volatile compounds have been
reported in pools by Brumen et al. (1988). These include: chlorobenzene,
bromoaniline, carbon tetrachloride and N-chloroacetamide. Heavier non-
volatile halogenated organic compounds would also be formed as by-products
and could be measured as adsorbable organic halogen (AOX). Erdinger and
Sonntag (1990) showed that swimming pool water treated first with
ozonation followed by chlorination showed much lower AOX, than
swimming pool water treated by chlorination as the sole method of

disinfection.
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2.1.1.2 Organic and Inorganic Chloro-Nitrogenous Compounds

The addition of cyanuric acid (Figure 2.1) as a stabilizing agent for free
chlorine in swimming pool disinfection has been widely used since the mid-
1950s (Feldstein et al. 1985). Cyanuric acid can be used as its solid sodium or
potassium salts, which makes it convenient for pool operators (Morgan et al.
1966). Cyanuric acid reacts with chlorine to form: mono-, di-, and
trichloroisocyanurate, depending on the pH and concentration. Cyanuric acid
acts as a reservoir for free chlorine in solution; that is, as free chlorine is
consumed, more free chlorine is released from chlorinated isocyanurates.
The equilibria expression given in Figure 2.2 illustrates this reaction. Studies
in swimming pools indicate that chlorinated isocyanurates are at least as
effective as chlorine in bactericidal efficiency (Linda and Hollenback 1978).
Residuals of 25 to 35 ppm of cyanuric acid are favourable, while residuals in

excess of 60 ppm provide no added benefits.

H
HO OH
\[NY ] 0 I!J 0
H‘f

OH B~ Y u

4]
Cyanuric Acid Isocyanuric Acid

(Enol) (Keto)

Figure 2.1  Tautomeric Forms of Cyanuric Acid.
(Adapted from Feldstein et al. 1985)

Q



H K H
oA ! ot
O
YT + 2H0 2HO0CI  + Y'Y
N N\ /N N.\
a” Y a Y u
0 )
Potassium Potassium
Dichlorocyanurate Cyanurate

Figure 2.2 Mechanism of Release of Hypochlorous Acid from Chlorinated
Cyanurate. (Adapted from Kowalski and Hilton, 1966)

As described earlier, chlorine can react with ammonia or nitrogen
containing compounds originating from bathers, to form chloramines (Jessen
1986). Crabill and Lyman (1963) and many others have suggested that
chloramines cause eye irritation. Furthermore, the irritating effects of both
pool water and indoor pool atmosphere have generally been attributed,
without much supporting evidence, to the presence of "chloramines". Shaw
(1986) has questioned the general attribution of the irritating effects of both

pool water and indoor pool atmosphere to chloramines.

2.1.1.3 Aldehydes

Hrudey et al. (1988, 1989) reported that chlorine reacts with v=rious
amino acids to yield various aldehydes. The specific description of pH and
dosage conditions required for the reactions to occur are realistic in term of
drinking water treatment conditions. Figure 2.3 shows the proposed mecha-
nisms for the reaction causing the formation of aldehydes from amino acids
reacting in chlorinated water. Under conditions of higher chlorine to amino

acid ratios, Hrudey et al. have also demonstrated that nitriles can be formed.
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Figure 2.4 shows the proposed mechanism for the formation of nitriles when
amino acids react with excess chlorine in water. Krasner et al. (1989), found
aldehydes to be the third largest detectable group of disinfection by-products
(DBP) behind THMs and haloacetic acids (HAAs). Formaldehyde and

acetaldehyde were reported in chlorinated waters (Krasner et al. 1989).

H H
HOCI
R-—-?—coon —_— R—C—COOH + H,0

NH, NHCI
Amino Acid

H H

\ H,0

/c=o ~— /C=NH + CO, + HCI
R R

Aldehyde

Figure 23 Proposed Mechanism for Aldehydes Formation from Amino
Acids Reacting with Chlorine in Water.

H H
HOCIi
R—C~—CO0OH ——» R—C~—COOH + H,0
NH, NHC!
Amino Acid
excess
HOC!

R—-CN + HCl + CO, + H,
Nitrile

Figure 2.4  Proposed Mechanism for Nitriles Formation from Amino
Acids Reacting with Excess Chlorine in Water.
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Form:. - :hyde is a chemical of substantial metabolic, medical, societal
and industrial importance because it is a truly ubiquitous chemical (Turoski
1985, Clary et al. 1983). Formaldehyde has long been known to cause irritation
and skin sensitization (Clary et al. 1983).

Table 2.3 list the effects resulting from inhalation or contact with
formaldehyde (EPS 1985). Formaldehyde symptoms may occur at airborne
levels as low as 0.05 ppm in very sensitive individuals. These individuals
may include infants, children, the elderly, those with preexisting allergies or

respiratory disease, and persons who become sensitized (Turoski 1985).

Table 2.3 Formaldehyde Exposure Effects. (Adapted from EPS 1985).

Exposure Effects - _

Inhalation: Vapour is irritating to the eyes and respiratory tract. Causes
sore throat, coughing, bronchitis, nausea, gastric pain,
hemorrhage and possibly death at extreme exposure.

Contact: Contact with the skin causes irritation, tanning effect and

allergic sensitization. Contact with eyes causes irritation,
itching, lacrimation and possible damage in the case of large
dose.

Because formaldehyde is a suspect carcinogen, long-term average
exposure to formaldehyde is also of concern. Cancer risk is hypothesized to be
negligible at low levels of formaldehyde exposure, and to increase in
proportion to long-term average exposure (Turoski 1985). Formaldehyde is
present naturally in many foods and is a metabolic product of many other

foods. Exposure standards for formaldehyde are reported in Table 2.4.



The exposure standards for formaldehyde are based upon its irritant
properties and lung effects, with the consideration that an exposed individual
becomes acclimatized to formaldehyde exposure and can tolerate increased
levels without showing adverse effects. Canadian provincial guidelines
generally are similar to those of the USA-ACGIH, unless indicated otherwise
(EPS 1985).

The different reported limits come from agencies of three different
types: 1) regulatory body (OSHA); 2) research organization (NIOSH) and 3)

organization of professional industrial hygien =~ (ACGIH).

Acetaldehyde is a building block in the synthesis of several organic
compounds. It is rapidly and completely adsorbed and is readily metabolized.
Acetaldehyde readily forms adducts with membranal and intracellular
macromolecules which may be associated with its toxicity (USEPA 1987).

Acetaldehyde at high exposure appears to paralyse the respiratory
muscle and thereby cause panic. It also has a general narcotic action which
prevents coughing. As well, acetaldehyde causes irritations of the eyes and
mucous membranes, skin and respiratory tract and accelerates heart beat
(USEPA 1987, Mark et al. 1978).. When breathed in high concentration, it
causes headache and sore throat. Prolonged exposure causes a decrease of red
blood cells and there can also be a sustained rise in blood pressure (Mark et al.
1978). The maximum allowable concentration of acetaldehyde in air is 200

ppm (Mark et al. 1978).
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Table 2.4 Recommended Exposure Limits for Formaldehyde.

from EPS 1985).

14
(Adapted

Guideline Origin
(Time)

ime-Weigh Aver TWA
TLV® USA-ACGIH
PEL (8 h) USA-OSHA
Occupational Canada
Standard Labour Code
Indoor Ambient Proposed-
Level USA, HUD

rt-Term Ex re Limi TEL

STEL USA-ACGIH

Ceiling (30 min.) USA-NIOSH

IDLH USA-NIOSH
TCwo -
LDio -

LDo (woman) -

Recommended Level

Reference

N ]

1ppr~ 1.5 mg/m3)
3 ppm
2 ppm

0.4 ppm

2 ppm (3 mg/m3)

1 ppm

100 ppm
17 mg/m3
477 mg/kg
36 mg/kg

TLV 1983
NIOSH/OSHA

Tartaryn 1983

EST 1934

TLV 1983

NIOSH/OSHA
1981

NIOSH Guide
RTECS 1979
RTECS 1979
RTECS 1979




21.2  Microbial Indicators of Pollution at "Swimming Pools"

The need to disinfect "swimming pool" water has long been
established. The reasons are similar to the need to disinfect drinking water:
prevention of disease and epidemics through selective destruction of discase-
causing organisms (Quinlan 1990, Shaw 1986, Metcalf & Eddy 1979). Several
reports have associated outbreaks of enteroviral infections with community
swimming pools (Lenaway et al. 1989, Strauss et al. 1988). Other disease
outbreaks associated with public "heated pools” (Gregory and Schaffner 1987,
Highsmith et al. 1985, Jacobson 1985, Solomon 1985, Kosatsky and Kleeman
1985) and occasionally with private whirlpools (Price and Ahearn 1988,
Silverman and Nieland 1983), include reports of dermatitis folliculitis (s! in
lesions and rashes), otitis externa (ear inflammations), mastitis
(inflammation of the breast tissue), respiratory and systemic symptoms (e.g.
headache, fever, fatigue, etc...). The "heated pools" are primarily hot tubs,
whirlpools and spa pools. These are usually heated above 37°C (Silverman
and Nieland 1983, Berger and Seifert 1990). A majority of the literature
reports disease incidents from heated pools, although some rarer incidents
were contracted and reported to originate from swimming pools below 37°C
(Fisher 1988, Thomas et al. 1985, Fox and Hambrick 1984).

These problems are caused by adverse water quality, often the result
of the lack of inadequate disinfection (Lenaway et al. 1989, Davis 1985).
Several microbial indicators for pollution of "swimming pools" have been
reported in the literature. Tosti et al. (1988) have recommended to survey for:
total coliforms, faecal coliforms, faecal streptococci, total bacterial counts and
yeast by membrane filtration. Other authors have also surveyed for
Pseudomonas aeruginosa , amoebae (Esterman et al. 1987) and

Mycobacterium marinum (Fisher 1988).



2.2 Swimming Pool Public Health Regulations

The Alberta Regulation 247/85, Public Health Act in Swimming Pools
stipulates the regulations to be observed by "public or semi-public swimming
pool"” operators.  These are summarized in Appendix C. "Public swimming
pool" refers to swimming pools available for public use by any segment of the
public, or swimming pools operated in conjunction with educational,
instructional, physical fitness or athletic programs at institutions supported in
whole or in part by public funds or public subscription. "Semi-public
swimming pool" refers to swimming pools provided by hotels, motels,
apartment buildings, condominiums, multiple housing units, mobile home
parks, trailer parks, private educational institutions or private clubs, with
restricted use to the registered guests, owners, tenants, students or members
and their guests. The latter category is also extended to swimming pools
operated by recreational camps for use by campers and their visitors and camp
personnel and swimming pools operated in conjunction with: day nursery,
day camp and institutions for the care of ill, elderly or infirm, or institutions
housing persons under custodial care.

In this study, the three facilities studied fall under the "public
swimming pool" public health act regulations which stipulate details for
licence operation, maintenance, record keeping, survey of the equipment and
water quality guidelines. The following sections summarize the water quality
guidelines in respect to the chemical and physical analyses, as well as the

bacteriological water quality guidelines.
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22.1  Chemical and Physical Water Quality Guidelines

The method of disinfection used must be chlorination. Swimming
pools must be provided with adequate testing equipment to measure chlorine
residuals, combined chlorine residuals and pH. Measuring equipment must
be capable of measuring free chlorine residuals and combined chlorine
residuals separately. Testing equipment must provide a range of 0 to 5.0 mg
of Clz/L for swimming pools other than whirlpools, and of 0 to 10 mg of
Cl2/L for whirlpools. The free chlorine and pH tests shail be performed as
often as necessary under normal hours of operation to permit operators to
maintain the free chlorine residual and pH at levels permitted, and in no case
should tests be performed at intervals of more than 4 h (Alberta Regulation
247 /85).

The free chlorine residuals level should be sufficient to maintain
pool water in bacteriological and chemical safe conditions at all times, and in
no case should the level be less than: 0.5 mg FAC/L in any swimming ol
with an operating temperature of not more than 30°C, and 1.0 mg FAC/L in
any swimming pool with an operating temperature of more than 30°C. Tests
for combined chlorine residuals should be conducted at least every 7 days. If
on any test the combined chlorine residual is greater than 1.0 mg/L, the pool
should forthwith be treated to lower it below that level. Treatment of the
pool can be achieved by simply wasting some water and diluting with fresh
make-up water until regulated levels are met. pH testing equipment should
have a range of 6.8 to 8.2. The pH should be maintained at no less than 7.2
and no more than 8.0. Where the swimming pool is equipped with
automated chemical monitoring and feeding equipment, a manual test for
free chlorine residuals and pH should be conducted at least every 24 h

(Alberta Regulation 247/85).
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2.2.2  Bacteriological Water Quality Guidelines

At least 1 bacteriological sample of swimming pool water should be
taken at intervals of not more than 7 days, and should be submitted to the
Provincial Laboratory of Public Health for examination. Samples should be
collected while the swimming pocl is in use and should be taken from a
point near an outlet in an attempt to give an accurate representation of the
typical swimming pool! water. Samples of chlorinated water should be
dechlorinated before being sent to the Provincial Laboratory of Public Health.
The water quality should be maintained so that not more than 2 consecutive
water samples and not more than 15% of the series of samples taken over a 6
month period: contain more than 200 bacteria/mL, as determined by a
standard 35°C plate count, show the presence of Pseudomonas aeruginosa in
the case of a swimming pools maintained at a temperature of greater than
30°C, or show a positive test for coliform organisms in any of the five 16 mL
portions of a sample when that test method is used, or the presence of
coliform organisms in a 100 mL portion of a sample when the membrane

filter test is used.

2.3 Chemistry of Disinfection with Chlorine

An historical note published by the National Academy of Sciences
(SDWC 1977) has described the evolution of drinking water disinfection.
Recorded knowledge of water treatment was found as far back as Sanskript
medical lore and Egyptian inscriptions. Pictures of apparatus used to clarify
water by physical mean of filtration were found as records. In 1854, Dr. John
Snow found that drinking water supply was responsible for the transmission
of cholera in the city of London. Snow's study was impressive because he

reached his conclusions long before the germ theory of disease was
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established. Subsequently, research by Louis Pasteur, Robert Koch, and others,
and the isolation by Koch in 1884 of the cholera causing agent, Vibrio cholera,
the germ theory became fully established.

In the later part of the 19th century experiments to develop processes
for the purification of drinking water were successful. Filtration techniques
of physical and chemical nature (flocculation followed by filtration) were
found to play a very important role in the removal of disease causing micro-
organisms. Although an acceptable level of water quality was achieved
through filtration processes, the most important discovery in the
technological advance of water treatment was yet to come. The introduction
of chlorination after 1908 provided a cheap, reproducible method of ensuring
the bacteriological quality of water (SDWC 1977).

Among chemical disinfectants, chlorination using chlorine gas is the
most commonly used in Canada for municipally owned public swimming
pool facilities (Wagstaff et al. 1989). Reasons are essentially economic, as it is
the least expensive of the current available alternatives. In many cases it is
required by regulations. Additionally, industry has had many years of
experience in the handling and manufacturing of the product and associated
hardware (Wagstaff et al. 1989). Some highly desirable characteristics in a
disinfecting agent are summarized in Table 2.5 (adapted from Metcalf & Eddy
1979). The characteristics are given for chlorine gas, other chlorine releasing

agents, chlorine dioxide and ozone.
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The basic chemical reactions that chlorine undergoes in water are
well known (Morris 1978). By-products formed by chlorine disinfection are
being actively researched and modelled (Jolley and Carpenter 1983, Lietzke
1978). This knowledge is mostly the result of extensive drinking water
research but the findings can be extended to the swimming pool management

industry.

23.1 Reactions in Water

Chlorine gas is the most commonly used chlorine compound for
municipally owned public swimming pools disinfection. When chlorine gas
is added to water, two reactions take place: (2.1) hydrolysis and (2.2)
ionization.

Hydrolysis of chlorine gas in water results in the formation of two
acids. The week hypochiorous acid (HOCI) provides germicidal capacity,
while the strongly dissociated hydrochloric acid (HCI) provides no bactericidal
qualities (Coopersmith 1990). Reaction (2.1) illustrates the hydrolysis of

chlorine gas:
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2.1) Cl, + H,0 - HOCl + H* + CI

The thermodynamic equilibrium constant for this reaction is defined

in Equation 2.1:

HOC [H][CL
Equation 2.1 K= []C[12] LS at  25°C

The large value of K indicates that large quantities of chlorine can be
dissolved in water.
Ionization of the weak hypochlorous acid results in the formation of

the species shown in Reaction (2.2):
(2.2) HOCI - H* + ocr

The ionization constant is given by:

H*J{OCI]
Equation 2.2 Ki = [—-[ﬁ]%%]— = 37x108 at  25°C

The ionization constant for this equation varies with temperature.
The quantity of hypochlorous acid (HOCI]) and hypochlorite ion (OCI’) that is
present in water is called the free available chlorine (FAC). The relative
distribution of both species is very important because the killing efficiency of
HOCI is about 40 to 80 times that of OCl” (Metcalf & Eddy 1979). The
percentage distribution of HOC] and OCI at the temperature range

encountered at swimming pools is illustrated in Figure 2.5.



(0861 supjus| pue jyuidsog woiy paydepy)

'D06Z 1B sawadg auuopy) 1oy weideiq uonnquisicy

Gz a1n8yg




2.3.2  Reactions with Ammonia and Organic Nitrogen

Free available chlorine (FAC) reacts with ammonia and nitrogenous
organic compounds (which may originate from bathers) to form inorganic
and organic chloronitrogen containing compounds. These latter reactions are
of particular importance in swimming pools (Gunkel et al. 1988, Jessen 1986,
Lahl et al. 1981). The following reactions illustrate the different chloramine
species that can be produced as part of the inorganic chloronitrogen

compounds:

(2.3) HOCl + NH;j - H)O + NH)Cl (monochloramine)
(2.4) HOCI + NHCl — HyO + NHCly (dichloramine)
(25 HOCI + NHCl, - HyO + NCl3 (nitrogen trichloride)

These inorganic compounds are alsvo iaentified as: chloramide
(NH>,Cl), chlorimide (NHCIl;) and chlorine azide (NCl3) (Shaw 1986).
Nitrogen trichloride has also been called trichloramine. Production of chlor-
amines proceeds very rapidly compared to the other chlorination reactions
(Lietzke 1978), such as oxidation and substitution, but is not as fast as
halogenation of organic nitrogenous compounds. In addition the kinetically
dominaied reactions are further enhanced by the thermodynamic aspect. In
an effort to achieve equilibrium, chlorine from monochloramine transfers to
N-organic compounds (Isaac and Morris 1980). As a result both the kinetic
and thermodynamic aspect promote the formation of organic chloramines at
the expense of inorganic chloramines, or other oxidation and substitution
reactions. Chloramines and N-chloroorganic compound reactions are very
dependent on pH, temperature, contact time, and on the initial ratio of

chlorine to ammonia and/or N-organic compounds, especially amino



compounds (White 1986 and Isaac and Morris 1980). The chlorine in both the
inorganic and organic species with lower oxidation potential than FAC or
slower reaction rate is called the "combined residual” chlorine (Jolley and
Carpenter 1983). Chloramines also serve as disinfectants, although they are
slower-reacting and provide lower disinfection efficiency (Metcai{ & Eddy
1979, Lahl et al. 1981). The kinetic and thermodynamic preference towards
the formation of N-chloroorganic compounds at the expense of chloramines
interferes with disinfection because the N-chloroamino acids are essentially
non-germicidal.

Chloramines have been proposed as being irritants and nitrogen
trichloride produces noxious odours (Lahl et al. 1981, Metcalf & Eddy 1979).
Their presence has also been given as an explanation for taste and odour
problems in finished drinking water and in treated swimming pool water
(Metcalf & Eddy 1979, Coopersmith 1990). Chloramine can be destroyed by
breakpuint chlorination i.e. superchlorination of the pool water with high

dosages of FAC.

23.3  Breakpoint Chiorination

The maintenance of a free available chlorine level is complicated
because chlorine is an oxidant which is very reactive with many chemical
compounds present in the pool water, including nitrogen containing species.
The stepwise phenomenon of breakpoint chlorination is illustrated in Figure
2.6. The breakpoint curve illustrated is a function of different dosages applied
measured at a given point in time and is the result of cumulative batch
experiments. It does not correspond directly to changes occurring as a

function of time.



Chlorine added to water will react with readily oxidizable substances,
such as organic matter and inorganic ions, and be reduced to the chloride ion
(point A in Figure 2.1). If sufficient chlorine is added to meet this immediate
demand, the excess chlorine will react with the ammonia and N-organic
containing compounds between points A and B. For experiments with mole
ratios of chlorine to ammonia of less than 1, monochloramine and
dichloramine are formed. The distribution of these two species is governed
by their rates of formation, which in turn depend on the pH and temperature,
as earlier mentioned. For experiments at dosages between point B and the
breakpoint, some chloramines will be converted to nitrogen trichloride (see
reaction 2.5) resulting in a noxious odour. The remaining chloramines are
oxidized to nitrous oxide (N20) and nitrogen (N2), and the chlorine is
reduced to chloride ion (CI'). For dosages the breakpoint, most chloramines
are oxidized. Reactions 2.6 to 2.9 describe the disappearance of chloramines

and the formation of gases mentioned.

(2.6) NH,Cl + NHCI, - NO + 4HC]

(27) 4NH)CI + 3Clz + H)O - N2 + N)O + 10HC
(2.8) 2NHCl + HOCI - N, + HYO + 3HC
(2.9) NH>Cl + NHCl - N, + 3HC

Theoretically the mass ratio of chlorine (Cl;) to ammonia nitrogen
(NH3-N) at the breakpoint is 7.6 : 1. The ratio will vary somewhat, depending
on the actual reactions involved. Organic loading (e.g. load of bathers) will
cause a greater immediate demand leading to a greater ratio. Continued
addition of chlorine past the breakpoint, results in a directly proportional

increase of FAC as indicated by the slope of 1 in Figure 2.1 (Metcalf & Eddy
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1979, Jolley and Carpenter 1983). The main reason for adding enough
chlorine to obtain a FAC residual is that disinfection becomes more reliable.
The combined residual after breakpoint consists essentially of the organic
chloramines not destroyed by free chlorine (Jolley and Carpenter 1983). The
formation of additional products during chlorination will react with the
alkaiinity of the water. Under most circumstances only a small drop in pH
occurs whicn can be controlled by the addition of sodium bicarbonate

(NaHCO3), soda ash (NaCO3) or sodium hydroxide (NaOH).



(egg61 1o1uadre) pue La0[ pue 6261 Appd
¥ Jjed1oN woyy paydepy) -uoinrunoy) jutodyealg Sulmg paureiq) dAIn)) pazijelduan) 97 In3ug

a8esoq aurzopy) parddy

3 “/
FY
TPy panquaosy -
, 0
- B
perpreoy sy : : m.
hatind g
TURIORE pus spunody i : "
anred20-0:0[y> jo upoRILIO ¢ Suompar | -
$ Aq perpisau; ~
: : ! anoppjo! 4
> > : tomnneg g
! spumoduos ; : -
padonsap 10u spunoduos ¢ onvdso-clopp ¢ : =
seBio-ony jo muxad I puv sxnureonp v.lw.
Puv SO % jo DogEULGY : JOUoRINAEX] :




24 Techniques Developed for Measurement of Airborne Contaminants

Over the last decade, indoor air quality has become a major concern.
Consequently, a greater number of complaints have been investigated by
different agencies (Bénard et al. 1990). With indoor swimming pool
environments, the increased concern results from cases involving
compensation costs for lost working days, injuries and in extreme cases,
temporary closures of the facilities.

As mentioned earlier, indoor pool environments present particular
atmospheric conditions that can create the potential for adverse health effects.
From this perspective and the knowledge that complex aqueous chemical
admixtures can potentially release volatile compounds and aerosols to the
atmosphere, indoor air quality monitoring in swimming pools presents
warrants investigation.

This study as limited its focus on monitoring aldehydes in the air
phase because of their previously reported properties and also because of time
constraint. Hrudey et al. (1989) have reported to have found aldehydes in the
water phase of swimming pool and have suggested that the aldehydes would
contribute to the characteristic "swimming pool" like odour. The perceived
odour is best described by an organic swampy, sweaty odour.

An adequate air quality monitoring program is achieved through
personal exposure monitoring (PEM) for the compound of interest with
respect to a limiting criterion. A suitable limiting criterion is based on
recommended exposure limits and knowledge of the adverse health effects
resulting from exposure to the given compound. A monitoring detection
limit (MDL) provides one criterion which is specific for each isuividual
compound in regard to its properties. The monitoring procedure carries a

practical quantification limit (PQL). If the PQL of a method of detection does
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not meet the MDL the method will not be suitable for PEM practice.
Moreover, a PEM program must meet additional criteria to present
commendable efficiency. A PEM should be simple, rugged, reliable, sensitive
and specific to a suitable range of concentrations of the targeted compound
(Otson and Fellin 1988). These latter criteria are based mainly on operation
practicality.

No simple methods are available for the determination of all
relevant targeted compounds. The techniques for measurements are divided
into two categories: Direct Reading Methods and Indirect Methods. These
latter methods include several derivatization approaches. The following
review will be limited to methods applicable to airborne monitoring of
aldehydes. Also an additional section will deal with the units most
frequently used in the field of air quality monitoring, as well as explain the

conversion between the different umits.

2.4.1 Units in Air Moaitoring

In reporting results for air phase monitoring units of ppm (parts per
million), ppmv (parts per million volume) or pg/m3 are most frequently
used. The ppm units refer to a mass/mass ratio of 106 g/g, or mg/kg. When
ppmv is used the ratio changes to a volume/volume of pL/L. The
conversion between the two set of units can be performed by using the
density of the air phase. 5ince the density changes with temperature change
the values are conventionally reported for standard conditions (i.e.
atmospheric pressuie, 101.3 kPa and 20°C). The density for the air phase at

20°Cis: 1.2 kg/m3. The conversion is as follows:
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. mg of contaminant
Equation 2.3 kg of air = ppm

pmole of contaminant
mole of air = ppmv

Equation 2.4

mg of contaminant
kg of air

mg of contaminant
m3 of air

Equation 2.5 x 1.2 kg of air/m3=

y 1000 pg  pg of contaminant

mg m3 of air

24.2  Direct Reading Methods

Direct reading methods include a variety of instruments from the
simplest detector tubes, i.e. Draeger tubes, to the more complex laser and
infrared technology, i.e. long path-Fourier transform infrared spectroscopy
(LP-FTIR). The direct reading methods make use of detection methods such
as optical spectroscopy based on infrared (IR) and ultra-violet (UV) absorption
principles. Other intricate, more specialized optical spectroscopy detection
methods have also been used, i.e. piezoelectric crystal detectors, atmospheric
pressure chemical ionization (APCI) and mass spectrometry (MS). Direct
reading methods, also make use of specific chemical and electrochemical
reactions as detection methods, i.e. the pararosaniline method and the
electrochemical fuel detector used in the Lion formaldemeter. These
methods are capable of detecting formaldehyde in the 1 to 10 ppm and 0.3 to 5
ppm range, respectively (Otson and Fellin 1988).

These methods, although they; present the desirable qualities of
spatial monitoring and immediate determination generally, do not provide
sufficient sensitivity or are not fully developed. Adequately sensitive

techniques (e.g. APCI) require unusual instrumentation highly trained
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personnel. For example 1 ppmv represents the maximum allowable
exposure limits for formaldehyde in several jurisdictions, reinforcing the
unsuitability of several of the direct reading methods for personal exposure
monitoring. Further research is required to advance more suitable and

reliable technology for many important indoor air contaminants.

2.4.3  Indirect Methods

Most of the methods used in the measurement of airborne
contaminants are indirect methods and with the exception of direct injection
of sample into an instrument (i.e. grab sample), the indirect methods require
a concentration step of some kind. They usually represent an integrative
sampling which can yield a time weighted average (TWA) exposure. The
TWA can be obtained when using direct methods through calculation based
on an average time exposure.

Indirect methods of measurement are sub-divided into active and
passive sampling. Active sampling requires the use of a pump and has been
most commonly used for area and personal exposure monitoring. However,
the use of cumbersome equipment and need for equipment maintenance has
encouraged development of passive sampling methods which are gaining in
popularity. Passive methods are generally based on established active
methods with adaptation of the sampling media and chemical analysis
procedures. The main focus of this review will be those techniques which are
currently being use for PEM and not those under research and development.

Indirect methods are further classified under two categories for
convenience in reporting. Those requiring chromatographic analysis and,
those utilizing other physical principles of detection, or non-chromatographic

detection methods. The non-chromatographic analysis approaches can be
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summarized under the physical means of detection, namely: absorption
spectrophotometric or colorimetric detection, titrimetric and polarographic
detection. The techniques based on polarographic detection basically meet the
same limits that the simpler colorimetric and titrimetric methods are
achieving. The polarographic principle has not been widely applied,
although it is somewhat promising. Testing of methods has been poorly
documented and further development is required. The spectrophotometric,
colorimetric and titrimetric detection methods are very closely related and are

discussed further (Otson and Fellin 1988).

24.3.1 Non-Chromatographic Methods

Formaldehyde is ordinarily the major aldehyde component found in
air. Formaldehyde is very water-soluble, while most higher molecular-
weight aldehydes show decreasing solubility with increasing molecular
weight. It is often desirable to use a method specific for formaldehyde and
determine the other aldehydes present separately as a total response (Liptak
and Béla 1974). Th¢ imost commonly used spectrophotometric or colorimetric
adsorption methods for detection of formaldehyde in air is the chromotropic
acid method (Otson and Fellin 1988 and Liptak and Béla 1974). It is followed
closely by the pararosaniline methods, but the latter is more prone to
interference by other carbonyl compounds and other low-molecular weight
aldehydes, such as acetaldehyde, acrolein and propionaldehyde. The 3-
methyl-2-benzothiazolane hydrazone (MBTH) method is used for total
aldehydes in air.

The colorimetric techniques offer either specificity for an aldehyde i.e.
the chromotropic acid method or the ability to detect aldehydes as a general

class of airborne contaminants, i.e. MBTH method. Unfortunately, detection
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limits for either the specific or general techniques, are significantly higher
than the limiting criterion for suitable personal exposure monitoring (Otson

and Fellin 1989).
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24.3.2 Chromatographic Methods

Chromatographic methods have received wide spread attention and
have normally been applied to airborne measurement of complex mixtures of
aldehydes (Otson and Fellin 1988). [hese have utilized direct injection of
sample intc gas chromatographs (GC) or derivatization with subsequent
analysis of the derivatives by high performance liquid chromatography
(HPLC) or GC.

Derivatization procedures usually make use of an absorbent medium,
onto which a reagent is impregnated, to trap the targeted compounds. In
recent years, derivatization procedures have received wide spread attention
for measurement of aldehydes in air. The advantages of in situ derivatiza-
tion include stabilization of the aldehydes which reduce the requirements for
complex storage procedures and allows time for transportation and analysis of
samples. The increased molecular weight and acquired properties of the
derivatives usually translate into enhanced sensitivity in regard to
detectability. For example, one could cite the strong UV absorption of the 2,4-
dinitrophenylhydrazine (DNPH) derivative for aldehydes or the nitrogen
containing derivative resulting from reaction with N-benzylethanolamine
(BEA), permitting detection with nitrogen-sensitive GC datectors. On the
other hand, disadvantages of such methods are the labour intensive
requirements for the extraction procedures involved and the many additional
artifacts that can occur from such procedures.

The most widely used protocol for measurement of airborne
aldehydes is the DNPH derivatization, employing collection and in-situ
derivatization on an impinger coated with DNPH; completed by subsequent
organic solvent extraction and, analysis by HPLC with UV detection or by GC.

It is well adapted to chromatographic analysis which gives the lowest
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threshold values and separate analysis of each component (Carlier et al. 1986).
The following reaction illustrates the process involved in the DNPH

derivatization of aldehydes.

NO, NO,
/H

OzN NHNH; + R—CHO —— OzN TN =C\ + H20
H R

Figure 2.7 Generalized Reaction of the Derivatization of Aldehydes by the
DNPH Method. (Adapted from Otson and Fellin 1988).

Note that when the group is H, formaldehyde is the component
reacting and a single compound results. When the group is CHj,
acetaldehyde is the component reacting which results in the formation of Z
and E isomers with the possibility of the molecule being flipped vertically at
the plane of the double bound. This results in double peaks, one for each
isomer formed and two different retention times. The resulting area counts
of each individual peak for the isomer are added for the quantification

analysis.

NO, NO;
/H /R
O;N NN=C 03N NN=
? N 2 N
H R H H
E isomer Z isomer

Figure 2.8 Configuration of the Isomers Formed in the Derivatization of
Aldehydes by the DNPH Method.



2.5 Measurable Parameters Selected and Relevance for Study
251  Air Phase

In view of the explicit reports about the significance of air quality
with respect to health effects, this project has studied certain chemical and
microbial aspects of air quality. Aldehydes were chosen as chemical airborne
contaminants for study because of their known irritant properties, their
known occurrence in chlorine disinfected water and because they had not
been previously studied in pools. In addition, a more general approach was
used to determine traces of background chemical contaminants. Finally,

microbial monitoring of the air phase was also performed.

2.5.1.1 Airborne Chemical Contaminants

Aldehydes were chosen as the parameters to be measured in the air
phase because of its relative important levels in chlorinated swimming pool
waier found in previous research by Hrudey et al. (1989). Formaldehyde and
acetaldehyde were found to be the two major aldehydes present in earlier
water pool samples tested in this project. These findings were confirmed by
previous work of Hrudey and Daignault (1989). The significant health effects
from aldehyde exposure will increase the concern to be able to monitor their
presence in the aerosol and the aqueous phase. Furthermore, aldehydes have
been reported to contribute as odour causing agents in drinking water (Fuck
et al. 1990, Gac 1988, Hrudey et al. 1988, Hrudey et al 1989) as well as
swimming pool water (Hrudey et al. 1989). The presence of odours indicate
that causative chemicals have vaporized from the water phase.

Because the air phase aldehyde analysis is specific to the aldehydes a
more general, non target analysis was also pursued to measure other gas

phase components. For example, excess carbon dioxide was used as a marker
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for lack of adequate ventilation in previous research of air quality at indoor
swimming pools (Bénard et al. .990). FTIR analysis should permit detection
of all the components of the air except the atoms and the symmetrical
diatomic molecules. It is based on absorption of energy bands corresponding
to rotation and vibration of the atoms composing a molecule. This latter
method also allows a more general approach for detection of rr.any airborne
contaminants with levels in the part per million range. Unfortunately, this
level of sensitivity is unlikely to be adequate for many of the trace

contaminants present in a pool atmosphere.

2.5.1.2 Aerosol Monitoring

As indicated by Mangione et al. (1985), droplets greater than 2 microns
potentially contain bacteria, and droplets less than 5 microns may be
deposited in the pulmonary alveoli when inhaled. Subsequently, a
knov.ic 'ge of the microbial activity of the air phase gains importance as some
of ¢ tymptoms reported are allergy-like symptoms and may in part be
caused by aerosolized microorganisms in the swimming pool enclosure.
There is also a possibility of less volatile chemicals being carried into the

lungs via liquid aerosols.

2.52  Water Phase
2.5.2.1 Chlorine Speciation and Orgariic Loading

As described in the regulations and in previous disinfection sections,
chlorine disinfection leads tc many different, chemical species some of which
have been reported as agents causing adverse health effects. Furthermore,
free chlorine residuals and chlorine speciation is important to establish the

quality of the disinfection process. As part of the long list of disinfection by-
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products in organically contaminated water sources, trihalomethanes,
aldehydes. chloro-nitrogen containing compounds have been discussed and
were chosen as part of the investigated parameters.

In addition, total organic carbon and total kjeldahl nitrogen
measurements were included as well as large volume water sample
extraction to acquire a better knowledge of the organic loading involved in

swimming pools.

2.5.2.2 Pathogenic and Enteric Microorganisms

In this project, the microbial analyses were performed at the
University of Alberta, Exivironmental Engineering and Science Laboratories
and also at the Alberta Provincial Laboratories, Mycobacteriology Laboratory
Division. The Mycobacterium assay was performed at the Provincial
Laboratory because of the very high pathogenicity and the requirement for
special containment.

The following list of microorganisms were analyzed by Karen M.E.
Emde microbiologist at the University of Alberta Environmental Engineering
and Science Laboratories: a) Presumptive Klebsiella species; b)Pseudomonas
aeruginosa; c¢) Mycobacterium species; d) Total heterotrophic plate counts; e)

Total and Faecal coliforms.

2.5.3  Physical Parameters of Interest

As part of the sampling program, pH, water temperature and
conductivity measurements were also performed. In addition, relative
humidity and ambient temperature readings for each day of sampling were

obtained from the recorded data by swimming pool operators.
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3. RESEARCH OBJECTIVES
3.1 Problem Overview

As mentioned earlier, the main objective of this project was to
acquire a better understanding of the environmental factors at indoor public
swimming pools which may affect human health. A companion part of this
project dealt with a user interview survey to identify the frequency and
character of health problems reported at indoor public swimming pools. The
survey also provided a profile of the users in case of predisposition to health
problems imposed by personal habits (e.g. smoking). Subsequently,
explanation of the sources of these problems in correlation with the scientific
daia acquired about each site could be attempted. Finally, recommendations
about suggested operational changes, to reduce the frequency of complaints,
could be developed. For this purpose a step by step approach needs to be
undertaken. These steps can be summarized by the following key points.

A questionnaire was administered by direct interviews to the facility
users and the staff to establish the frequency and extent of health symptoms
experienced. The questionnaire provided information about the interviewee
and his/her swimming activity. A copy of the Health Survey of Public Pool
Users Questionnaire is provided in Appendix A. Analysis of the results of
this survey is being conducted separately from this thesis and these will be
reported separately.

This thesis was directed towards providing the monitoring data
which could be used, together with the questionnaire survey results and
specific information about individual pools to judge the significance of health
effects and the more promising directions for solving identified problems.

The specific research objectives for the monitoring study consist of three
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components of data collection and validation at three selected, representative

indoor pool facilities.

3.2 Specific Objectives

1. The first objective was to perform a comprehensive evaluatior
of many target chemical species. A variety of analyses were selected following
the review of the literature. These were performed on different days
(seasonal profile), different time of day (daily profile) and at different

locations within same pools.

2. The second objectives was to perform an evaluation of targeted
microbial species. Regular sampling was performed to accompany the
chemical data gathered at each site. Indicator microorganisms, specified by
the pool regulations, together with other suggested indicator organisms were

studied.

3. The final objective was to perform an initial assessment for
selected contaminants found in the water phase to determine their presence
in the air phase. Possible air contaminants were identified by three different
techniques. The first analysis dealt with potential emission of low molecular
weight aldehydes from the water by volatilization. Aldehydes, especially
formaldehyde, have received considerable attention as potential irritants. A
second appraisal uses a sampling method with direct analysis by Fourier
Transformed Infrared Determination to account for a broader, but less
sensitive background chemical analysis of the air phase. Finally, an aerosol
monitor was used to account for the possible transport of microorganisms in

micro-droplets (aerosols) from the water to the air phase.
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4. DESCRIPTION OF SWIMMING POOL FACJLLITIES STUDIED
Limited information about the size and typ« : ¢ . cility at each site that
was studied is presented. More detailed information about each facility can

be found in the Appendix B.

4.1 Facility 1

This facility offers multi-recreational disciplines housed in one
building erected in 1978. The swimming pool area consists of four separate
tanks ranging from a free style swimming pool to a wading pool. The first
tank, identified as A on Figure 4.1, is a free style swimming pool of
rectangular shape 50 m x 21 m with a depth of 2 to 2.3 m. The temperature of
the water is kept at 26°C. The second tank is a rectangular diving unit of 25 m
x 15.2 m with a depth of 4.9 m. The water temperature is kept at 28°C and the
pool is identified as B on Figure 4.1. Three permanent diving boards are
installed on one side, while up to five removable spring boards can be
mounted on the opposite side and on the shorter sides of the pool. Usually,
three spring boards are left on the shorter sides at all times. The third tank is
also maintained at 28°C. It is rectangular with a uniform depth ¢f 1 m. The
pool is 51 m x 13 m and is separated in two equal parts by a 1 m mobile
bulkhead. This pool was sampled as two individual tanks (identified as C and
D on Figure 4.2) because the activities were different in each half. However,
the bulkhead offers only an artificial separation, because it is submerged about
0.75 m leaving a space beneath for free circulation of water. The last tank,
identified as pool E, is a wading pool presenting the warmest temperature at
36°C. It is rectangular with dimensions shape of 5 m x 13 m and a depth of

0.75 m.



Facility i purifies water using filtration and chlorination. The time
required for a complete turnover of <1~ pools are as follows: pool A about 5.5
h; pool B, C and D between 4 t» 5 h and pool E about 50 min. Chlorine gas is
used as disinfectant consuming 68 kg per week for all four pools. A
minimum free available chlorine level of 2.0 ppm is aimed for. Addition of
diatomaceous earth is performed every 7 to 10 days.

An engineering study of the ventilation system was completed in
1988 following repeated complaints of patrons and operational staffs. As a
result of the study, the following corrective measures were implemented: 1)
filters were changed from fibreglass material to synthetic material in May
1990, 2) a dehumidification system was installed during the months of july to

September 1990.
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Figure 4.1 Schematic of Facility I with Identification of the Different Swim-

ming Pool Dimensions.
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4.2 Facility II

This facility offers multi-recreational disciplines housed in the same
building. The site was opened to public in 1982. The swimming pool area has
four tanks and is classified as a "water theme park”. This includes a wave
pool, diving tank, hot tubs, slides, water flumes and steam showers. The
diving tank is of rectangular shape with dimensions of 128 m x 8.2 m and a
depth of 3.7 m. It is identified as pool  in Figures 4.4 and 4.5. The wave pool
is of irregular shape. The dimensions are as illustrated on the schematic in
Figures 4.4 and 4.5 with the pool labelled as B. The last two pools are circular
with diameters of 3.0 m with a maximum depth of 1.5 m. They are identified
by x and & in Figures 4.4 and 4.5.

The water park provides water treatment with filtration and
chlorinaticn. Chlorine gas is used for pools o and B, and 12% sodium
hypochlorite solution is used for the hot tubs, pools % and 8. Chemical
addition is performed by metered pumps under computerized control,

Strantrol Model 311B system, and additional manual testing is performed

four times daily. A iree available chlorine residual of 2.0 ppm is aimed for.
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4.3 Facility I1I

The third facility is a single swimming pool housed in a semi-
detached building which is part of a complex housing other types of activities,
including sports activities. The swimming pool area was opened to the public
in 1985. The pool has a rectangular shape of 52 m x 21 m with an uneven
depth along its length ranging from 2.4 m to 4.5 m. The tank can be divided
into three portions by twc, 1 m, mobile bulkheads. The shallow end has the
added feature of providing changeable depth with a mobile bottom mounted
on hydraulic pumps. The pool dimensions are as illustrated in the schematic
of Figure 4.7.

The facility treats the water using filtration and chlorination.
Chlorine gas is used as disinfectant consuming 68 kg for 15 days of operation.
Chemical addition is performed by metered pumps under computerized
control, Strantrol Model 390 system, and additional manual testing is
performed twice daily (at noon and at 4h30). A free available chlorine

residual of 1.5 ppm is aimed for.
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5. EXPERIMENTAL METHODS AND PROCEDURES
5.1 Chemical Analysis of the Water Phase
5.1.1  Aldehydes

Samples for the aldehyde analyses were collected in 40 mL Fisher
brand glass vials capped with black phenolic resin screw cap containing a
Teflon®-lined, silicone septum. The vials were immersed and sealed
underwater when sampling. The samples were later treated with a 0.1 M
sodium thiosulfate solution to quench chlorine recapped (head-space free),
and stored at 4°C in the dark until analyzed. The dechlorination of the
samples took place at the site of sampling, if delay of more than one hour was
projected for travelling purposes. When the delay was under one hour, the
samples were dechlorinated upon arrival at the University of Alberta.
Samples were kept in ice-cooled coolers for travelling purposes.

Aldehydes were analyzed by the PFBOA (0O-(2,3,4,5,6-pentafluoro-
benzylhydroxylamine) aqueo:« derivatization method reported by Glaze et al.
(1989), with the following modifications. 20 mL of the pre-dechlorinated
sample was transferred (or 20 mL of the aquecus standard solution and eight
drops of 0.1 M sodium ‘*hiosulfate solution) into a clean 40 mL screw-cap
sampling vials (describ2d in the sampling procedure), and 2 mL of 1 mg/mL
of PFBOA reagent prepared in Milli-Q® water was added. The solution was
mixed by shaking and the reaction allowed to proceed at room temperature
for 2 h. Subsequently four drops of 18 N sulfuric acid were added to each vial,
the vial were shaken for 30 seconds and the derivatives were extracted with 5
mL of hexane containing 1,3-dibromopropane (DBP) as internal standard.
The hexane-extracting solvent containing DBP was prepared by adding 500 uL
of a stock solution composed of 5 uL of neat DBP in 25 mL of hexane, and was

stored at 4°C in the dark in a sealed glass container with a Teflon®-lined

93]
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screw cap between uses. The organic layer was transferred to a second 40 ml
screw-cap sampling vial and was acid washed with 5 mL of 0.1 N sulfuric acid
solution to minimize excess PFBOA reagent interferences. The hexane extract
was removed and dried over anhydrous sodium sulfate in a 1 dram screw-cap
vial with Teflon®-lined rubber septum and stored at 4°C in the dark prior to
analysis.

Aldehyde derivatives were analyzed by using a Hewlett Packard (11D’
5790A gas chromatograph (GC) equipped with an electron capture detector
(ECD} and a 30 m x 0.26 mm x 0.25 pm methylsilicone capillary column (DB-
1). The injector and detector temperature were 220°C and 300°C, respectively.
The GC oven temperature program was operated as follows: hold for 5 min
at 100°C; increase by 10°C/min; hold for 0.8 min at 290°C. The final hold time
was eventually prolonged to 5 min to ensure a longer bake out at the end of
each GC run. Aldehydes were identified by relative retention time and
quantified using standard curves of aldehyde and internal standard peak area
ratios. Stock aldehyde stardard solutions for standards were prepared by
measuring appropriate microlitre volumes of the neat liquid aldehyde into
Milli-Q® water. Serial dilutions of these solutions produced standard
solutions of desired concen’rations. Acetaldehyde was measured by weight
instead of volume because of its kigh volatility and difficulty to measure by
Hamilton syringe. Formaldehyde solution was standardized by NIOSI
Method 3501 before use. Appendix D.1 contains results for the formaldehyde

standardization and aldehyde standard curves.

5.1.2  Chlorine Speciation

Samples for the chlorine speciation analyses were collected in 500 n.i.

amber glass bottles capped with black phenolic resin closures with polyvinyl



disk type liners padded with Teflon®-liners. The bottles were immersed and
sealed underwater when sampling. The samples were stored at 4°C in the
dark until analyzed. 500 mL clear glass Wheaton "400" Brand bottles with
screw-cap covered with aluminium foil also had to be used for sample
collection. Samples were kept in ice cooled coolers for travelling purposes.
Chlorine speciation analyses were performed following Standards
Methods for the Examination of Water and Waste Water Method (APHA et
al. 1989) 4500-Cl F (DPD Ferrous Titrimetric Method). Standardization of the
ferrous ammonium sulfate (FAS) titrant was performed by combining
Method 4500-Cl B., sections 2, 3 and 4 and, Method 45001 C., section 3. This
had to be performed to make up for the lack of one chemical serving has
indicator, barium diphenylamine, in the usual Method 4500-Cl F., section 2.
Details concerning the standardization of the FAS procedure and thc sample

results can be found in Appendix D.2.

513  Trihalomethanes
5.1.3.1 Trihalomethane Standards

Trihalomethanes stancard mixture 601-M1, containing 0.2 mg/mL
each of chloroform, bromodichloromethane, dibromochloromethane and
bromoform in methanol was obtained from Supelco Canada (Oakville,
Ontario). This was the stock standard used in all trihalomethane analyses for

quality control and the standard upon which calibrations were performed.

5.1.3.2 Trihalomethane Analyses
Samples for the trihalomethane analyses were collected in 40 mL
Fisher brand glass vial capped with black phenolic screw cap with Teflon®-

lined silicone septum. The vials were immersed and sealed underwater



when sampling. The samples were later treated with a 0.1 M sodium
thiosulfate solution, recapped (head-space free), and stored at 4°C in the dark
until analyzed. The dechlorination of the samples took place at the site of
sampling, if a delay of more than one hour was projected for travelling
purposes. When the delay was under one hour, the samples were
dechlorirated upon arrival at the University of Alberta. Samples were kept
in ice cooled coolers for travelling purposes.

The four components were analyzed according to EPA method 501.1.
A Varian gas chromatograph model 3300 equipped with a flame ionization
detector (FID) and a 3 m x 0.25 cm packed column with 1% SI’1000 on

7z

Carbopack F <" "9 mesh) was used in conjunction with a Tekmar liquid
sample co: - .itratc: 1+ 3C-2) interfaced with an automatic laboratory sampler
(ALS) and a Spectra-Physics model SP4290 integrator. Details concerning
specific instrument operating parameters, calibration, and quality control

procedure are presented in Appendix D.3.

51.4  Total Kjeldahl Nitrogen

Samples for the total kjeldahl nitrogen analyses were collected in 500
mL clear glass Wheaton "400" Brand bottles with Teflon®-lined scicw-cap.
The vials were immersed and sealed underwater when sampling. The
samples were later treated with a 3.5 g/L sodium thiosulfate solution,
recapped (head-space free), and stored at 4°C in the dark until analyzed. The
dechlorination of the samples took place at the site of sampling, if delay of
more than one hour was projected for travelling purposes. When the delay
was under one hour, the samples were dechlorinated upon arrival at the
University of Alberta. Samples were kept in ice cooled coolers for travelling

purposes.



Total kjeldahl nitrogen analyses were performed following Standards
Methods for the Examination of Water and Waste Water Method 4500-Norg
B. (Macro-Kjeldahl Method). Standardization of the sulfuric acid titrant was
performed as per Method 2320 B. Details concerning the standardization of

the sulfuric acid procedure can be found in Appendix D.4.

5.1.5 Total Organic Carbon

Samples for the total organic carbon analyses were collected in 237 mL
Qorpak glass bottles capped with green phenolic resin closures. The closures
are padded with a Teflon®-lined polyethylene film/foam extrusion. The
bottles were immersed and sealed underwater when sampling. The samples
were later acidified with sulfuric acid at pH=2, recapped (head-space free), and
stored at 4°C in the dark until analyzed. The acidificatior. of the samples took
place at the site of sampling, if delay of more than one hour was projected for
travelling purposes. When the delay was under one hour, the samples were
acidified upon arrival at the University of Alberta.

Analyses were performed with a Dorhmann-Xertex DC 80 Total
Carbon Analyzer utilizing UV promoted potassium persuifate oxidation
followed by IR detection of the resulling carbon dioxide. The system is
completed by an ASM-1 auto-sampler and provides 190 seconds of purging for
every sample contained in a Pyrex culture tube (18 x 150 mm).

The following quality control program was used: fresh 10 ppm C
standard solution was prepared for each day of analysis from a stock standard
sclution of 2000 ppm. This latter stock solution can be kept in the refrigerator
for up to one month. Prior to preparation, the standard potassium hydrogen-
phthalate (KHP), for «wtal carbon analyses, was dried at 103°C ovurnight and

kept in a desiccator. It was not found necessary to dry the KHP at a later time
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during the project, since it was kept in a sealed desiccator and remained
moisture frez as proven by the response of the apparatus. The inorganic
calibration can be performed from sodium bicarbonate which was dried in a
similar fashion as KHP. In our case, the inorganic carbon content in the
acidified, purged sample was very small, so the calibration was not really
ne « . . Instead the UV lamp was turned off and time was allowed for the
base’ - iv become stable. Then the inorganic carbon analyses were
perforr.ad (with the lamp otf). The same sequence of tubes was used if there
was enough sample remaining in the™ or if ner. -~ the tubes were refilled.
Calibration in the TC mode was performed be‘: . every analysis run and a
standard was checked again during the actual run to insure that baseline did
not deviate.

It was found during the s>quence of experimentation tha! the initial
two inner positions on the ASM-1 autosampler do neot receive as much
purging time as the otbers, this problem is inherent to the system and canrot
be modified in any way. It was convenient to simply use those initial inner

position with deionized water to avoid the problem.

51.6  Large Volume Aqueous Sample Extraction

Large volume aqueous sample extraction and subsequent analysis by
GC-mass selective detector (MSD) were performed by Norine Motkosky,
environmental chemist at the University of Alberta, Environmental
Engineering and Science Laboratories.

Samples for the large water sample extraction were collected in a
Nalgene® 3( L polyethylene carboy. No special treatment was performed on

the sample. The sample was transported without any refrigeration (note that
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the experiment was performed only during the November and December
sampling activities and that outside temperatures were not warm).

The following analysis protocol was observed. 1.5 L of water was
placed in a solvent cleaned 2 L separatory funnel. The pH of the water was
adjusted to greater than 10 by addition of 50% w/w sodium hydroxide
solution. The water was then extracted by shaking for 2 minutes with 60 mL
of doubly distilled methylene chloride. The organic layer was allowed to
separate and was drained out of the separatory funnel through clean
anhydrous sodium sulfate. The water was extracted with 2 additional
portions of 60 mL of methylene chloride, each time drying the organic layer
through anhydrous sodium sulfate. The pH of the 1.5 L of water was then
adjusted to less than 2 by addition of concentrated sulfuric acid. The water
was then extracted with 3 portions of 60 mL of doubly distilled methylene
chloride as described above.

The basic extracts from a total of 21 L of pool water were combined
and the volume reduced in a Kuderna-Danish apparatus with Schneider
column. The final volume of concentrated exiract was 1 mL. The acid
extracts from 21 L of pool water were combined and the volume reduced to 1
mL as described for the basic extracts.

The acid and basic concentrated extracts were analyzed by using a
tHlewlett Packard 5890 Series lI gas chromatograph equippex with a Hewlett
Packard 5970 mass selective detector and using a 30 m x 0.26 mm x 0.25 ym
methylsilicone capillary column (DB-1). The injector and detector tempera-
ture were 225°C and 250°C, respectively. The GC oven temperature program
was as follow: hold for 5 min at 35°C; increase by 5°C/min; hold for 5 min at

290°C.



5.2 Chemical Analysis of the Air Phase
52.1  Adsorption Tube Sampling

The method employed for the sampling of trace amounts of
aldehydes in the air phase is an indirect active method of sampling. The
general idea is to make use of an adsorbent surface (silica gel) onto which the
derivatization reagent (2,4-dinitrophenylhydrazine) has been impregnated
and packed in a sampling device (glass tube). The air sample is introduced in
contact with the reagent with the use of a pump. The pump is set at a known
flow rate. The following procedure will describe the preliminary pre-
paratives, sampling tube packing and recovery of the resulting derivatized

aldehydes, known as hydrazones.

5.2.1.1 24-Dinitrophenylhydrazine Recrystallization

In a first step, 2,4-dinitrophenylhydrazine (DNPH), obtained from
Aldrich (Milwaukee, Wisconsin), was recrystallized from water following
Aoyama and Yashiro (1983). Although other authors have used different
recrystallization solvents such as carbonyl free ethanol (Johnson et al. 1981);
HPLC grade acetonitrile (Tejaba 1986); 4 M hydrochloric acid (Rietz 1985) and
extraction with 70:30 hexane:methylene chloride (Grosjean 1983, Fung and
Grosjean 1981), recrystallization with Milli-Q® water was used because of a
large amourt of solvent were required and, the multiple artifacts which could
occur from trace amounts of aldehydes accompanying the other solvents.
Hydrochloric acid is used as a catalytic agent in the reaction of derivatization
with DNPH to yield hydrazone. There is no advantage in using an acidified
solution in recrystallizing DNPH sirce trace amounts of aldehydes would be

encouraged to react and precipitate with the DNPH (Beasley et al. 1980).
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5.2.1.2 Standard Hydrazones Synthesis and Analysis

Following recrystallization of the DNPH, pure hydrazone was
synthesized following the metnod described by Schriner et al. (1964), except
for slight modifications described hereafter. Heating of the recrystallized
hydrazone was performed over a heating mar:fle in a round bottom flask,
instead of over a steam cone in an Erlenmeyer flz k. If sufficient 95% ethanol
is used (in order to avoid supersaturation ¢rd poor recrystallization
conditions) it is not necessary to perform filtration over a fluted filter prior to
crystallization, instead a vacuum filtration apparatus ~zn be used after
completion of the recrystallization. Also, after leaviny ii:2 filtrate in the
refrigerator overnight, instead of 12 h at room temp«-.. :ire, secondary
recrystallization from the filtrate was found to be negligibie

Hydrazone standards for gas chromatographic analysis were prepared
by weighing a known amount of pure hydrazone into a 50 mL volumetric
flask and diluting to volume with doubly distilled ethyl acetate. Subsequent
dilution of this stock solution was performed to prepare calibration curves.
Anthracene was added as an internal standard. Aldehyde derivatives were
analyzed by using a HP 5890 gas chromatograph equipped with a flame
iunization detector (FID) and a 30 m x 0.26 mm x 0.25 pm methylsilicone
capillary column (DB-1). The injector and detector temperatures were 250°C
and 300°C, respectively. The GC oven temperatiire program was operated as
follows: hold for 5 min at 100°C; increase by 10°C/min; hold for 5 min at
290°C.

5.2.1.3 Coating of Silica Gel with Reagent
Preparation of the coated silica gel with 2,4-DNPH was executed by the

method of Beasley et al. (1980) with slight modification suggested by Aoyama



and Yashiro (1983) with regard to the drying process and its extent. Basically,
Aoyama and Yashiro recommended to thoroughly dry the coated silica gel to
ensure a better reproducibility in preparation. They were making use of a
rotary evaporator under reduced pressure at 55°C, same as Beasley et al. (1980).

It was found to be more efficient to dry the coated silica gel, under
high vacuum pump, with heat provided by a heating mantle slightly
cushioned with glass wool to ensure slower heat transfer to the round bottom
flask containing the coated silica gel. Vacuum distilled dimethylformamide
(DMF) kept in a sealed bottle under argon and in contact with molecular
sieves was not found to yield a better coating with a lower background,
consequently DMF ACS grade was used as recommended by Beasley et al.

(1980).

5.2.1.4 Sampling Tubes Packing

Sampling tubes were prepared by the glassblowing technical services
at the University of Alberta. The basic ideas of Aoyama and Yashiro (1983)
were followed with slight modifications. Dimension and description of the
glass sampling tubes are as follows: 200 mm in length by 7 mm inner
diameter, the tube ends in a narrowing tip to provide a support for a glass
wool plug and attachment point for tubing. The top end is finished with a
ground-glass joint to provide a better sealed attachment to the gencrating
ampoule. The generating ampoule is 200 mmm in length, fitted with male and
female ground giass joints at each end to fit the top of the glass sampling tube
and close at the other end. The inner diameter is enlarged to 15 mm,
narrowing at both ends. A side arm was also included at the top end to

provide an injecting port for the aldehydes (standard recovery trials). Figure



5.1 shows the type of setting, sampling tubes and generating ampoule
described above.

Packing of sampling tubes was quite simple, 1 g of 2,4-DNPH coated
silica gel was placed between two glass wool plugs. Packing was performed
with the help of a specially adapted funnel and packing rod, 1/8 inch stainless
steel in diameter by 30 cm. Once sampling tubes were ready, they were fitted
with a small diameter peristaltic pump tubing which in turn, was adapted to
the Tygon® tubing leading to the pump. The pump was a Du Pont Alpha-1
constant air flow sampler with flow rate selection from 5 mL/min to 5000
mL/min. Calibration of the pumps was performed using a Cole-Parmer pre-
calibrated rotameter. Different flow rates, weight of packing and type of
setting were tried. Those are further discussed in sections 5.2.1.5, 5.2.1.6 and

52.18.



Figure 5.1 Glass Sampling Tube and Generating Ampoule for Air Sampling
and Recovery Studies.



5.2.1.5 Pool Trial Set-Up

Air sampling by the adsorption tube method was performed at only
one of the three sites under investigation. This latter site was selected because
it presented the highest level of aldehydes in the aqueous phase.

Air sampling by the 2,4-DNPH impregnated sampling cartridges was
performed on October 9, 1990 at Facilitv I. Sampling tubes were packed with 1
g of 2,4-DNPH coated silica gel the day prior to sampling and were wrapped in
aluminium foil and stored at 4°C. The silica gel was freshly coated on October
1, 1990, and had been used for test trials at the University of Alberta pool as
well as for background identification.

Sampling tubes were prepared and connected to the sampling pumps
as described in the section above. Laboratory clamps and a cast iron support
complete the pool side apparatus setting. The support was leaned on its side,
with the rod over the water level, the clamps fixed in position and the tubes
set above the water level as low as permitted by the wave motion of the water
without risking flooding of the equipment (see Figure 5.2). In this position,
the tubes were about 30 cm from the edge of the pool and about 20 cm above
the water level.

The Alpha-1 Du Pont pumps =vere adjusted to flows of 1 L/min and 2
L/min on the morning of October 9, 1990 just prior to sampling with a Cole-
Parmer rotameter. Sampling times were controlled by the computerized
pump and were adjusted for 1 h and 30 min, respectively. At the end of each
sampling, the two available pumps were fitted with a new sampling tube and
positioned at a new sampling location indicated on Figure 5.3, until all pre-
determined sampling locations were tested. The sampling tubes were
wrapped in aluminium foil and brought back to the University of Alberta for

extraction.
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Preliminary work was performed with carbon tetrachloride (CCly)
extraction solvent with 1,3-dibromopropane (DBP) as an internal standard,
followed by exchange to ethyl acetate (EtOAc) and subsequent analysis on
GC/ECD. Exchange in EtOAc was necessary because the ECD detector is
sensitive to halogens and would be saturated by the halogenated solvent.
Since the detection was not sufficiently sensitive for the DNPH derivative,
subsequent work was performed on a GC/FID. The inici:. i1 standard was
changed to anthracene to obtain a better response on the il detector. Since
DBP is a small molecule with only three carbon atoms, the detection on FID is
limited. CClg4 was kept as the extraction solvent and exchanged to EtAOc to
prevent deterioration of the detector. Hydrochloric acid (HCI) forms from
the use of chlorinated solvents in conjunction with heat from the injector
port and can result in corrosion of the detector.

The extraction of the hydrazone follows the procedure described in
section 5.2.1.7. The internal standard used at this stage was DBP and Bio-Rad
resin (AG 50W X8) was used in the clean-up step.

The use of Bio-Rad resin was supposed to help in cleaning up the
background and unreacted 2,4-DNPH. A method blank was also performed by
extracting unused coated silica gel by the heating method described above and
filtering over Bio-Rad resin.

The Bio-Rad resin was previously washed according to the procedure
described by Schwartz et al. (1962). The exiraction solvent and resin cleaning
solvents were made carbonyl free following the procedure of Johnson et al.
(1981) and Hornstein and Crowe (1962). Other resins that were available in
the Department were also tried for clean-up purposes without much success.
They included: ‘'pre-used’ AG S0W X8, ‘'original Dowex' AG 50W X8, 'pre-
used Baker' AGC-244 (relabelled as equivalent to AG 50W X8) and the newly
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purchased Bio-Rad AG 50W X8. A no resin clean-up experiment was 2180
performed to establish the quality of the clean-up step. Later experiments

were performed without the use of resin for the filtration.

5.2.1.6 Testing of Recovery

Two different settings were tried under the recovery trial
experiments. The settings differed by the mode of introducing the aidehyde
to the generating ampoule, the magnitude of the nitrogen flow and the
position of the nitrogen flow entrance. Sampling tubes were prepared as
described in the sampling tube packing section above, they were mounted
according to the two different settings shown in Figures 5.4 and 5.5. The first
setting provided an upper entrance for the nitrogen flow of 20 mL/min with
a side arm aldehyde injection through the septa. It was an open system, since
air was drawn from the top were the nitrogen flow was introduced. The
nitrogen flow was introduced at 70 kPa from the gas cylinder to an additional
manometer in series with the gas cylinder and the sampling tube. This
second manometer allow an accurate calibration of a lower gas flow rate (20
mL/min). The second setting was a closed system with no air being drawn
into the system. Both the aldehyde injection and the nitrogen were
introduced through the side arm fitted with peristaltic pump tubing in series
with the gas cylinder. The top opening was fitted with a ground glass joint
stopper. The nitrogen is introduced at a pressure of 55 kPa from the gas
cylinder manometer by-passing the second manometer used in the first
setting. The larger nitrogen pressure was necessary to compensate for the
absence of air drawn to the system. Heat-by-the-yard® heating tape provided
the heat required to volatilize the standard aldehyde introduced in the

generating ampoule. The aldehyde was introduced into the heated
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generating ampoule as a solution in hexane with a 10 pL. Hamilton® syringe.
The application of nitrogen flow and the suction action provided by the
pump ensured that the volatilized aldehyde contacted i, ~ .oated silica gel in
the sampling tube. In doing so, it reacts to form the hydrazone and adsorbed
to the surface of the silica gel which is then extracted. The pumps were
activated for 1 h at a flow rate of 1 L/min. A method blank was also analyzed
to account for any contarnination from the prepurified nitrogen gas, as well
as, background levels. A stock solution of the aldehyde was prepared and
different volumes were spiked to give a range of concentrations at the desired

level.
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Figure 5.3 Air Sampling Location for the Adsorption Tube Method on
October 9, 1990 at Facility L.
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Figure 5.4 Setting for the Open System Air Sampling Recovery Study with
Generating Ampoule.

Figure 5.5 Setting for the Closed System Air Sampling Recovery Study with
Generating Ampoule.



5.2.1.7 Extraction of Hydrazones from Coated Silica Gel

The hydrazone was extracted by transferring the glass wool plugs to a
20 mL screw-cap glass vial (with Teflon®-lined silicone septum) and the
coated silica gel in 8 mL of carbon tetrachloride (CCly). An additional 2 mL of
CCl, was used to rinse the glass sampling tube. The 10 mL extract was heated
to 50°C on a Pierce Reacti-Therm® heating module for 10 min, cooled to
room temperature and filtered through a glass wool plug inserted in a Pasteur
pipette into a clean 40 mL glass Fisher brand vial. Some preliminary work
was also performed using resin as a clean-up step. The extract volume was
then reduced under a flow of nitrogen and exchanged with ethyl acetate
(EtOAc) containing anthracene as internal standard. Aoyama and Yashiro
(1983) had reported no suitable internal standard when using CCly and
GC/FID. By transferring to EtOAc it was possible to use anthracene as internal
standard, since the solubility of anthracene is greater in EtOAc than in CCLa.

Also, EtOAc is a friendlier solvent to use on an FID detector, since CCly burns

to form HCI which can damage the detector.

5.2.1.8 Testing with Controlled Water Basin

Since non-detectable aldehyde results were obtained from sa...pling at
swimming pool sites, an attempt to explain the "no recovery" by the
adsorption tube was investigated with a controlled water basin. Knowing the
concentration of aldehydes in the aqueous phase at the swimming pool, it
was possible to predict the maximal concentration that could be observed in
the air phase (Mackay et al. 1979, Dong and Dasgupta 1986). * -ciction of the
maximal concentration that could be found in the overlying atmosphere

above the water was performed using the physical characteristics of the
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chemical compound of interest that describe the partition behaviour between
the two phases.

The partition coefficient that best describes a gas-liquid system at
equilibrium, assumisig ideal fluid behaviour (Montgomery 1985) is given by
the Henry's law constant. Henry's law constant for the two most prevalent
aldehydes in the water phase of the swimming pool were found in the
literature.

Betterton and Hoffmann (1988) have studied seven aldehydes that are
found to be of particular importance in the polluted troposphere. The
Heary's law constants were determined as a function of temperature by
bubble-column and head-space techniques. The Henry's law constant for
formaldehyde and acetaldehyde at 25°C in units of M atm™! are 2.97 x 10* (or
3.37 x 104 atm M-1) and 1.14 x 10! (or 8.77 x 10-2 atm M-1), respectively. These
latter constants can be used following the equations reported by the same
authors to calculate the maximal concentration in the overlying atmosphere
in the enclosed swimming pool. The conditions surrounding the facility do
not represent, as must be the case when using the equations, a gas-liquid
system at equilibrium under optimum conditions but nevertheless the
calculations can be used to provide an estimate of the maximum expected of
aldehyde concentration in the air phase.

The present authors have followed the reaction (see 5.1) that best
describea their experimental setting, that is they were forcing the gas to the
aqueous solution. As a result the units and values for the apparent Henry's
law (H*) and the intrinsic Henry's law constant (H) are the reversed of the

conventional way of reporting these values.

(5.1) gas (g) — aqueous solution (aq)



In the following development the Betterton and Hoffmanr equations
are modified to conform with the convention. That is the reaction (see 5.2)
that describes the gas leaving the aqueous phase will be applied (stripping

effect) (Montgomery 1985).
(5.2) aqueous solution (aq) — gas (g)

The first set of equations shows the relationship between the
hydration constant (Knyq) of aldehydes in the water, the apparent Henry's law
constant (H*) and intrinsic Heniy's law constant (H). The relation is as

follow:

_ [RCHO)g

= —— "= i -m3 M}
[RCHORq in atm-m° M

Equation 5.1 H

_ [RCHOJaq + [RCHOH)]

Equation 5.2 H* = s M
[RCHOJ,
[RCH(OH),]
Equation 5.3 Khyq = _[R?-I_ﬁ];;—

where: [RCHOlaq is the concentration of free aldehyde, unhydrated,
dissolved in the aqueous phase;

[RCHOg is the concentration of aldehyde in the gaseous
phase;

[RCH(OH),] is the concentration of aldehyde present in the
gem-diol, hydrated, form.



The total aldehyde concentration in the aqueous phase [RCHO], is

given by Equation 5.4:
Equation 5.4 [RCHO}; = [RCHO];q + [RCH(OH),}

Rearrangement of the previous equations gives the direct

relationship between H*, H and Kpygq:
Equation 5.5 1/H* = 1/H(1 + Kpyq) or
H = H*(1 + Khyq)

When Kpyg >> 1, ie, when [RCH(OH),;] >> [RCHOl,, then

Equation 5.6 applies:

[RCHOJg

Equanon 5.6 H* = m

= H/Kpyq

The experimental results obtained yield H*. With H* and the
concentration in the aqueous phase, it is possible to calculate the aldehyde
concentration in the gas phase by combining and modifying Equations " 2 and

5.4:
Equation 5.7 [RCHOI]g = [RCHO}; x H*

[RCHOl,is given by the aldehyde method described earlier for

measurement of the concentration in the aqueous phase (section 5.1.2).



From Equation 5.7, the amount to be found in the gaseous phase czn
be estimated for a known concentration in the aqueous phase. This is the
basis of the controlled water basin experiment undertaken. A given volume
of deionized water was spiked with formaldehyde and acetaldeiyde and the
aqueous phase concentration was establish by the PFBOA method. Sampling
tubes were prepared and connected to pre-calibrated pump units. In the first
trial, the sampling tube was adapted with a large funnel (150 mm in diameter)
with multiple sizes of vacuum tubing and Tygon® tubing. In the second trial,
the small packing funnels (50 mm in diameter) were used. The first setting
was adjusted just 1 cm above the water level (see Figure 5.6) and the second
setting just 5 mm above the water level (see Figure 5.7). Recovery results
with the first setting were low and it was thought that perhaps to much
tubing and funnel could act has adsorption sites for the aldehydes.
Consequently a second experiment was tried. A shorter pathway was hoped
to provide greater recovery. Results are presented in the Results and

Discussion section.
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Figure 5.6 Air Sampling with Controlled Water Basin and Large Funnel.
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5.2.2  Air Bag Sampling

As in the case for air sampling by the adsorption tube method, only
one site out of the three was surveyed. Overlying atmosphere over Pool I-E,
containing the highest concentration o: waterborne aldehydes, was sampled
by the air grab sampling technique. Grab sampling implies that a certain
volume of air is sampled, with a sample device and later analyzed by either a
chromatographic or a non-chromatographic method of detection as described
in section 2.2.2 ("tson and Fellin 1988). The following procedure was

followed for the air grab sample.

5.2.2.1 Swimming Pool Samples

A Tedlar® polypropylene 40 L sampling bag with dual stainless steel
valves was connected to an SKC Aircheck sampler model 224-43XR with
Tygon® tubing (see Figure 5.8). The flow rate was set such that 40 L would be
sampled in 8 minutes (5 L/min). The sample was taken approximately 30 cm
above the water level.

The sample was subsequently analyzed by Fourier Transform Infrared
(FTIR) detection, making use of the physical properties of the chemicals for
detection. More specifically, rotational-vibrational spectrum were recorded at
specific IR absorption bands for the different molecule functionalities. FTIR
detection methods permit simultaneous monitoring of several classes of
compounds (Li-Shi et al. 1989).

Additional features which favour this method of detection as an air
monitoring tool are: its very low limits of detection (LOD) (Strang and Levine
1989), its near real-time identification and its ability to quantify gases and

vapours (Li-Shi et al. 1989).



The system used was a Nicolet 7199 FTIR. It is equipped with a 5.6 L
Wilks gas cell with a single by-pass of 0.75 m. Analysis were run at
atmospheric pressure and room temperature. Runs were performed to
accumulate 20.25 m under a single wave length resolution permitting
increased resolution between two wave lengths. The system is completed by a
mercury-cadmium-telluride (MCT) detector providing a very good

sensitivity. The detector is cooled at liquid nitrogen temperature.

5.2.2.2 Aldehydes Spiked Samples

Because results obtained from the grab sample analysis were also
negative for aldehydes an attempt to further evaluate the potential of FTIR
detection as an appropriate method of detection in the air sampling analyses
at swimming pools was investigaied. Two-step injection of formaldehyde
and acetaldehyde was performed to insure that moisture bands would not
interfere with aldehyde detection and that individual detection of each
aldehyde could be performed.

A grab air sample from the swimming pool was spiked with 10 ppm
of formaldehyde, FTIR analyses was performed and background analysis from
the initial swimming pool air sample was subtracted. In a second step,
acetaldehyde was added, at a level of 20 ppm, to the air sample previously
spiked with formaldehyde and FTIR analysis was performed. Again
background analysis was subtracted and the formaldehyde spiked result was

also subtracted. Results are presented and discussed section 6.
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5.3 Microbial Analysis of the Water

Samples for the microbial analysis of water were obtained from the
sampling sites stipulated under Alberta Regulation 247/85, Public Health Act,
Swimming Pool Regulation. The samples were obtained from the swimming
pool from a point near an ouilet and from additional points to give an
accurate representation of the water in the pool. This requirement
determined the sampling locations for all the analyses performed for the
water phase, in order to facilitate comparison between the chemical and
microbial profiles.

Samples for microbial analysis were collected in sterile 500 mL
polypropylene bottles with wide mouth screw-caps. The bottles were
immersed and sealed underwater when sampling. Three 500 mL bottles were
sampled at each sampling point. Whirl-Pak® polyethylene sterilized bags
(530 mL) also had to be used for sampling. Four bags needed to be filled at
each sampling point. The samples were dechlorinated with sodium
thiosulfate as per section 9060 A (Standard Methods), recapped (or sealed) and
stored at 4°C in the dark until analyzed. The dechlorination of the samples
took place at the site of sampling. Samples were kept in ice cooled coolers for
travelling purposes. Samples were analyzed within 30 hours of collection.

The microbial analysis were performed for the most part at the
University of Alberta, Environmental Engineering i\nd Science by Karen M.E.
Emde, microbiologist. Microbial analysis under Alberta Regulation 247/85
stipulate that the following indicator organisms are required: Total
heterotrophic bacteria, determined by the standard 35°C plate count, total
coliforms and Pseudomonas aeruginosa in waters above 30°C. Additional
tests were also performed to survey for other microbial indicators.

Bacteriological analyses were performed, in triplicates, according to the
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respective Standard Methods for the Examination of Water and Wastewater

17th edition (Standard Methods) sections, as follows. Tota! coliforms (TC)

were enumerated by the membrane filtration technique according to 9222B

and Fecal coliforms (FC) according to 9222D of Standard Methods. Klebsiella

is a genus included in the coliform group and may be associated with
coliform regrowth in treated water. It was analyzed for by using the

meinbrane filtration technique describe in section 9222F of Standard Methods.

Total heterotrophic plate counts (HPC) were performed as per 9215B of

Standard Methods. Fecal streptococci were determired by method 9230C

described in Standard Methods. The membrane filtration technique described

in section 9213E was used to test for Pseudomonas aeruginosa.
Mycobacterium species were analyzed by the Mycobacteriology
Laboratory Division of the Provincial Laboratories, because of the very high

pathogenicity of the microorganisms and the need for special containment.

5.4 Microbial Analysis of the Air Phase
54.1 Description of the Air Sampler and Characteristics of Operation
Microbial analyses of the air phase were performed using a Biotest
RCS Centrifugal Air Sampler (see Figure 5.9). The air sampler is a completely
portable, hand-held apparatus weighing 1.1 kg which operates on four
standard "D" cell batteries and can be used in any direction. It provides an
estimate of the number of microbial colony forming units in room air or
other environments, thereby permitting a microbiological assessment of air
quality . The sampling times are switch controlled and range from 30
seconds to 8 minutes, offering an air capacity of 20 to 320 litres at a separation
volume of 40 L/min. Sampled air volume is electronically controlled to an

accuracy of £ 2.0%. The air sampler employs efficient agar impaction as the
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collection principle. The media strips are commerdially available in different

media for bacterial and fungal analyses.

54.2  Operation Principle

The Biotest air sampler works on the impaction principle. The
function of the air sampler is to collect airborne microorganisms
quantitatively onto a culture media strip mounted around the drum of an
impeller. The air under investigation is sucked in by the impeller at a
distance of at least 40 cm in a conical shape and enters the impeller drum
portion centrifugally. Airborne particles are forced to impact on the culture
media contained in the plastic strip. The air then leaves the drum in a spiral
form around the outside of the cone of air entering the sampler. After the air
sample has been taken, the agar strip is removed, incubated and the colonies
are counted. Figure 5.9 shows the Bio-Test aerosol monitor and insertion of

the agar strip.
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54.3 Sampling Procedure

Sampling time was set at 8 minutes for all samples. The agar strip
was removed from the plastic wrapper and inserted into the slot of the open-
end drum with the agar surface facing towards the blade of the impeller.
Once the sampling point was chosen, the sampler was switched on and
pointed towards the sampling point, keeping it above the water level to
protect it from splashing. At the end of 8 min, the air sampler stops
automatically, the strip was removed and replaced in the plastic wrapper, and
closed with a piece of tape. The agar strip was handled by the edge at all times
when removed from the plastic wrapper. Two different medium were used
at each sampling points: Agar strip GK-A (TSA-Agar for total count) and
Agar strip HS (Rose-Bengal-Agar for yeasts and moulds). The agar strips were
transported in an insulated container to prevent from freezing (winter season
travelling) and incubated for 18 h at 37 °C upon arrival at the University of
Alberta. Karen E.M. Emde performed the bacterial and fungal counts on the

respective agar media.
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6. RESULTS AND DISCUSSION
6.1 Water Analysis
6.1.1  Aldehydes

Aldehyde analyses were performed following the method initially
described by Yamada and Somiya (1989) and subsequently improved by Glaze
et al. (1989). Further slight laboratory modifications, described in section 4.1.1,
were added to the Glaze et al. method. In order to account for the analysis
delay, and possible degradation of sample during storage in coolers, different
experiments were tried on samples from the different pools. Extensive
detailed aldehyde results can be found in Appendix D1.4. The following
information will highlight the main observations.

The series of experiments include a study on the preservation
treatment with sodium thiosulfate, namely: addition of sodium thiosulfate
immediately following sample collection (5203 added within 1 h), and
addition of sodium thiosulfate immediately before analysis (5203 added IBA).
A study on the delay of analysis was also performed, as per the following
protocol: sodium thiosulfate was added immediately after collection of
sample (5203 added within 1 h) and the sample was stored in the dark at 4°C
for 48 h before analysis was completed (analysis delay of 48 h).

The aldehyde results obtained from the different treatments in the
preservation-delay study, for the July 26, 1990 samples from Pool I, are
illustrated in Figures 6.1 and 6.2. As can be seen from the figures, only very
small concentration variations are found between the different results for
preservation treatment and delay of analysis experiments. Formaldehyde is
slightly more affected than acetaldebyde. These two aldehydes represent the

most prevalent aldehydes.
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The maximum deviation observed in the case of formaldehyde is
+16%, between preservation treatment in the case of Pool I-D. Results
obtained following a 48 h delay in analysis, with storage at 4°C, are slightly
lower with a maximum deviation of -11% for Pool I-A, while one case out of
five presents a higher result by +2%, Pool I-E. Acetaldehyde presents its
maximum deviation at -29% in Pool I-A, comparing results from analysis
delay to preservation treatment within 1 h. MNote that this iatter result was
used as the "true value" for purpose of evaluating the deviation. The
acetaldehyde results present no generalized behaviour for the samples after 48
h delay before analysis, as can be observed in Figures 6.1 to 6.5.

The lower concentration aldehydes are at their level of detection on
the gas chromatograph and therefore were of lesser importance in this
preservation-delay study. Their lower levels would also suggest that their
part as potential irritants might be minimal in comparison with the level of
the known irritants formaldehyde and acetaldehyde.

The largest variety of aldehydes was found in the wading pool,
identified as Pool I-E in Figure 4.1. Of the 15 aldehydes tested for, 11 were
found in Pool I-E, while only 8 or less were found in the other pools, with
Pool I-B being the cleanest pool with res;-:t to aldehydes. Pool I-E, also
presents the highest concentratior: of total aldehydes and individual
aldehydes to be found in compariscn with the other pools at the same site. A
concentration of 1057 pug/L of form.:!zehyde can be found in Pool I-E, while
the other pools has formaldehyde coicentrations ranging from 97 pg/L to 178
ug/L, a ratio of 9 to 17%.

The differences in observed aldehydes carn probably be explained
based on an organic loading and/or on temperature basis. Pool I-E provides a

low dilution capacity (38 m3), combined with a higher ratio of bather load, i.e.



weight of organic load/volume of water. Pool I-E is also the warmest pool at
the site, which would increase dissolution of organic material from bathers
and chemical reaction rates. Pool I-E has the fastest turn over rate, at 50
minutes per pool exchange, it still does not compare with the much higher
dilution capacity offered by the other swimming pools at the facility: Pool I-A,
2082 m3; Pool I-B, 1522 m3 and Pool I-C and D combined, 572 m3 (see Figure
4.1 and Appendix B).

Individual swimming pool profiles did not show important
concentration changes at the sampling locations in the individual tanks.
Individual swimming pool profiles were obtained for July 30, August 1 and
August 6, 1990 for all tanks at Pool I. In each case, the same observations
prevail. No substantial change in concentration was observed for any ot the
aidebydes found among the different sampling locations in each individual
tank. Figure 6.3 and 6.4 illustrate these observations, note that the average
was plotted against all three sampling locations. These figures represent a
low and a high range of concentration with respect to formaldehyde and
acetaldehyde.

Aldehyde concentration differences are only observed between the
different days of analysis, which could account for "short term seasonal
change". Again, the most striking differences are with formaldehyde,
followed by acetaldehyde, while the higher molecular weight aldehydes
remain fairly constant and at much lower levels by a factor of 8 to 10 (refer to
Figures 6.3 and 6.4). Exceptions are benzaldehyde and phenylacetaldehyde,
which are usually 2 to 3 times less than their lower molecular weight
courterparts, formaldehyde and acetaldehyde in each individual pool.
Acetildehyde generally prevails over formaldehyde, with the exception of

Pool I-E, were formaldehyde takes over as the primary aldehyde (see Figures
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6.5 and 6.6). On one occasion (July 26, 1990 results) formaldehyde levels were
almost double that of acetaldehyde.

These earlier results from July and August were all sampled before an
extensive annual cleaning operation at Pool I. The following observations for
October and November were obtained after the pools had been emptied,
cleaned and repaired before they were refilled with fresh treated water.
Filtration units, part of the treatment process, were also cleaned at that time.

In the second phase of the sampling program at Pool I, a daily time
profile was established through the same pool profile sampling used in the
first phase. In total, 45 aldehyde samples were obtained for each day of
sampling: 3 sets of samples (for daily time profile) for each individual
sampling location (15 sampling location, pool profile) on the 2 different days,
about 2 months apart.

As it was found in the first phase of the sampling program, the pool
profile results are very consistent and the 3 samples can be averaged to one
result in the second phase as well. On the other hand, there is a "slight time
profile" with the lower molecular weight aldehydes, formaldehyde and
acetaldehyde. As for the higher molecular weight aldehydes, changes
throughout the day are not marked, with the exception of 2-methyl-
valeraldehyde and benzaldehyde which seem to appear as the day advances
but remain at fairly low constant concentrations once they are found (see
Figures 6.7 and 6.8). The higher molecular weight aldehydes, when present,
are found to about the same level as in the first phase. The lower molecular
weight aldehydes, are in much higher concentration than in phase one and
again in much higher concentrations than their higher molecular weight

counterpart in the same phase.
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In the second phase, levels of 1000 to 3000 pug/L of formaldehyde were
present in several pools, while Pool I-B remains the cleanest pool again, with
respect to aldehydes. These remarks are valid for both days of sampling (see
Figure 6.9). Also noteworthy was that on November 29, 1990 Pool I-E did not
present the worst level of formaldehyde. Both Pool I-A and Pool I-C and D
exceeded Pool I-E. This observation is illustrated in Figure 6.10. Note that the
figure shows the results in the late part of the day (sampling T2) but the
observation is valid throughout the day.

The time profiles are as follows: acetaldehyde has a tendency to reach
a peak during the middle of the day in all swimming pools, while
formaldehyde has a mixed tendency of remaining fairly constant or
decreasing slightly in all pools except in Pool I-E. There it peaks during the
middle of the day similar to acetaldehyde. These latter time profiles were
observed on October 9, 1990. They are different on November 29, 1990.

For November 29, 1990 samples, a much lower number of aldehydes
were found. Only 3 aldehydes out of 15 were identified by retention times,
even after further standard analysis for retention time matching was
performed to ensure that the difference was not due to a gas chromatograph
artifact. Again acetaidehyde and formaldehyde were the dominant alcchydes
by a factor of 20 to 250, respectively. The time profiles were as follows: both
formaldehyde and acetaldehyde usually start at their highest concentration at
the beginning of the day, decreasing until mid-day only to remain constant or
come back up slightly, but usually not as high as in the morning. In Pool I-E
both predominant aldehydes are found in higher levels at night than in the

morning after decreasing slightly during the day.
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Pool II also showed, that acetaldehyde and formaldehyde were the
prevailing aldehydes respectively, with the exception that formaldehyde was
higher than acetaldehyde in one of the two hot tubs at the site, Pool II-y (see
Figures 4.4 to 4.6). Again benzaldehyde and phenylacetaldehyde are the
higher molecular weight aldehydes that can be found in levels of 1/2 to 1/3
the prevailing low molecular weight aldehydes mentioned earlier (refer to
Figures 6.11 and 6.12). While in the other cases, a ratio of 6 to 40 times less is
observed, with some small noticeable exception in the hot tubs where
isobutyraldehyde, isovaleraldehyde, pentanal and heptanal are somewhat in

higher levels then the levels found in pools heated below 30°C.

The pool profile on July 7, 1990 was consistent with the prior
observation, in that the concentration of aldehydes sampled at different
locations, in a given tank, were fairly homogeneous (Figure 6.12). Subsequent
sampling performed at the site resulted in individual sampling locations
being mixed together prior to aldehyde analysis. Another observation made
on the preservation-delay study still holds very well at Pool II, with the
exception of pentanal and heptanal for which deviations of 100% and 57%
were observed respectively in Pool II-y only. The two hot tubs, Pool 1I-x and
Pool II-5 were sampled in duplicate and samples were preserved differently
according to the 1 h znd immediately before analysis (IBA) S;03 addition.

Seasonal pool profiles are consistent with earlier observations, while
daily time profile are not as obvious as showed in Figures 6.15 and 6.16.
Summer sampling (Figures 6.11 to 6.14) showed more variety of aldehydes (8
to 10 aldehydes identified), while the Fall sampling presented only
formaldehyde and acetaldehyde. The two hot tubs usually presented only

slightly higher concentrations of total aldehydes than the other pools at the
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101
facility (summer or fall), while no strikingly higher concentrations were
observed. The total aldehydes concentration from Pool II were gererally

lower than at Pool I; less than 400 pg/L in comparison with up to 3000 pg/L.
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Poo! Il was sampled on July 5, 1990 a~d iwcember ., 1990. The
summer sample again presented the highest rund >r of 277 “ywdes identified
by retention time. Acetaldehyde and formaldehyle were the prevailing
aldehydes, while benzaldehyde and phenylacetaldehyde were thw two higher
molecular weight aldehydes observed in slightly higher conrcentracn than
their counterparts with a ratio of 2 to 3 less in comparisos with the lower
molecular weight aldehydes. Figu :: &.17 shows the results obtained for the

Summer sampling performed on July 5, 15%0.

In the first phase of the sampling program a preservation study was
carried through with samples from each pool sections as identified by the
schematic for Facility III in Figures 4.7 and 4.8. Facility II is the farthest from
the University of Alberta and analysis delay is the most important. As can be
seen in Figure 6.18 there was no difference reported between the different
samples preserved as addition of 5,03 within 1 h of sampling and 5,03 added

imediately before analysis (IBA).

Only formaldehyde was observed consistently during the fall
sampling. The daily time profile shows a tendency of decreasing
concentration throughout the day from a morning high. A slight pool profile
was also observed in respect to formaldehyde in both the summer and the
fall, while acetaldehyde remains fairly homogeneous throughout the pool in
the summer. Pool III, consists of only one tank with two bulkheads forming
an artificial separation. The bulkheads are moved on a regular basis during

the week according to the different swimming programs being run.
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6.1.2  Chlorine Speciation

Chlorine profiles are shown in Figures 6.20 and 6.21 for July 26 and
July 30, 1990 from Pool I-A. These illustrate the differences between
swimming pools and give an example of individual swimming pool profile
with respect to the 3 different sampling locations in each tank. Because the
different sampling days present the same basic results, only the two initial
days are presented with figures. More detailed results can be found in tabular
form in Appendix D2.2

As can be seen from Figure 6.20, the different swimming pools
present different levels of free available chlorine (FAC), chloramines.
combined residual aad total residual. On the other hand, individual
swimming pools present homogeneous levels with respect to different
sampling locations. A swimming pool profile is observed on a daily basis and
on a seasonal basis. This would most certainly agree with our expectation of

dependency on bather load on a daily and seasonal basis, respectively.

Pool I generally shows good agreement with Alberta Regulation
247/85, with respect to FAC minimal amounts of 0.5 ppm in pools under 30°C
and 1.0 ppm in pools over 30°C. Although, it appears to ha ~ reater
difficulty in controlling the minimal FAC level in Pool I-E. This pool is
heated above 30°C and should maintain a minimum FAC level of 1.0 ppm.
The required level was never observed on any of the 6 days of sampling
performed at that facility. The best results were observed during the months
of July, August and November with levels of 0.4 to almost 1 ppm, and the

worst results were observed on October 9, 1990, at levels of 0.1 to 0.2 ppm.
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The regulation also stipulates a maximum permissible amount for a
combined chlorine residual of 1.0 ppm. This value was met only in Pool I-B
on all 6 sampling days. The remaining swimming pools at the facility were
found to be in excess by 25% to as much as 650% (August 6, 1990 Pool I-E).
The regulated maximum allowable limit for combined residual is important
in order to achieve swimmers comfort. The inorganic chloramines constitute
what is called the "bound effective chlorire”. In swimming pool waters this
level has been proposed as a measure of the degree to which an irritation of
the mucous membrane of swimmers will occur (Lahl et al. 1981).

The method of analvsis used, the DPD titrimetric FAS method, is
plagued by interferences of the chloronitrogenous organic kind (Standard
Methods 1989, Jensen and Johnson 1990). These species «: nstitute, none the
less, a valid combined residual reading with the added negative features of
providing essentially no germicidal action (Isaac and Morris 1980) and
potentially additional toxicity to the bathing waters. At any rate, limiting the
formation of these organic chloramines can only be beneficial with respect to
the swimmers comfort.

The chloronitrogenous organic species are obtained in the additional
titration step performed to determine trichloramine levels in the DPD
titrimetric method. When this additional step is performed the addition of
the necessary chemical (phosphate buffer, DPD reagent and Potassium iodide)
for the speciation in the previous determination of FAC, mono and
dichloramines is inverted in order to influence the reaction to occur faster
and favour the slower reacting species in presence of potassium iodide (KI)
and absence of phosphate buffer (pH=7) and DPD reagent, which in turn are
added just before the titration is performed (within a few seconds).

Unfortunately, the slower chloronitrogenous organic species also react at this
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stage and a specific reading of trichloramine is impossible. This leaves the
FAC, monochloramine and dichloramine speciation steps essentially
unaffected, since their rates of reaction are faster under the pre-buffered
conditions under which they are determine: (Jensen and Johnson 1990). Still
by adding only monochloramine and dicki.:-mine levels, Pool I-E is over
the maximum allowable limit, while Pool I-C and Pool I-D are very close to
the maximal permissible limit during the 4 summer samplings. Oriy Pool I-
A and Pool I-B would meet the regulations throughout the sampling period
covering July, August, October and November.

The values reported as trichloramine (NCl3) in the Tables in the
Appendix section, as well as the values in the Figures include the organic
chloramines. The DPD titrimetric ferrous method made impossible the
differentiation of the inorganic chloramines from the organic chloramines, as
carlier explained. To provide additional information about the organic
chloramines a second method was used in the speciation of the different
chlorine species, the amperometric titration method. This method was also
used to provide information about degradation rate of the FAC and other
chlorine species. These experiments were performed on samples from the
method development swimming pool at the University of Alberta. This
allowed to perform the analysis without delay with respect to transportation.

Figures 6.22 to 6.29 show the broken-up results for the chlorine
species identified by the DPD #*%rimetric method and the amperometric
titration method. Two experiments were performed with respect to low and
high level of trichloramine, the potentially contaminated step. FAC showed
an overall decreasing tendency, with observed decrease of 29% (DPD) and 53%
(amperometric) in the first experiment. The combined residual, resulting

from the sum of the three individual species: mono-, di- and trichloramine
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(definitely including the organic chloramines) showed a mixed behaviour, no
degradation could be assessed.

The second experiment was attempted, in order to represent the
situation when trichloramine levels occurred in higher concentration.
Again, FAC results showed a decreasing tendency. This time resulting in
38% (DPD) and 40% (amperometric) decrease. No defined behaviour could be
established for the combined residual species.

In both experiments, the bulk of the FAC degradation occurred
within 24 h, with a slower subsequent degradation after 24 h. Also, the results
obtained from the two methods, for all the species, were different when
comparing a given sample at any specific time. As a general comment, the
FAC levels would compare fairly well between the two different methods
throughout the experiments. But the combined residual levels obtained from
the amperometric method would be higher then the results obtained with the
DPD method.

As discussed in Standard Methods (APHA et al. 1989) and by Jensen

and Johnson (1990 and 1990), neither methods would be able to differentiate
inorganic chloramines from organic chloramines. As a result, the DPD
titrimetric method was retained for use in this study, because of its simplicity
and relative precision in recording titrant volume added. It is relatively
simple to read the volume within 1% precision (Joller and Carpenter 1983).
In comparison, potentiometric alternative provide a precision of about 5%
and are limited by the logarithmic (Nernstian) response of the electrode

(Jolley and Carpenter 1983).
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Chlorine Species by DPD

Figure 6.22 Study of Degradation of FAC and Combined Residual as Detected

Chlorine Species by Amperometry

Figure 6.23 Study of Degradation of FAC and Combined Residual as Detected
by the Amperometric Method. First Experiment Low Level of
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Chlorine Species by DPD
{mg of Cl as CI2/L)

Figure 6.26 Study of Degradation of FAC and Combined Residual as Detected
by the DPD Method. Second Experiment High Level of NCI3.
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Figure 6.27 Study of Degradation of FAC and Combined Residual as Detected
by the Amperometric Method. Second Experiment High Level

6
-=2-- FAC

5 4 ~=&+= Combined Residual
4-4
3-

) P S b T fyrme ettt &.... R msmemime -8
2] T~

‘ g =l e n-——ﬂ--_~

1-
0 v y '

? oy 48 7 9

Time (h)

6
5 1 ==~ FAC
-,\. =+=®'= Combined Residual
Y T
rmegemm W

4- Srecgr=cmQiecmiai., -a
3
2'&__—4\\ -

q 'ﬂ-\~°. ________ 2 -

-

19 o
0 y T -

N 24 48 vr) 9

Time (h)

of NCl3.

115



Chlorine Species by DPD
{mg of Cl as CI2/L)

Figure 6.28 Study of Degradation of Mono-, Di-, and Trichloramines as
Detected by the DPD Method. Second Experiment High Level of

Chlorine Species by Amperometry
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Figure 6.29 Study of Degradation of Mono-, Di-, and Trichloramines as
Detected by the Amperometric Method. Second Experiment
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Pool II shows a similar profile, in that concentrations in a given tank
at a given time were fairly homogeneous. Daily and seasonal time profiles
were again observed. Again regulations are difficult to meet in the case of
pools heated over 30°C, Pool II-y and Pool II-§ for both FAC and combined
residual. The combined residual, if only monochloramine and dichloramine
levels were used, would be met in the fall sampling for all pools with the
exception of the two hot tubs, while the summer sampling would not meet
the regulations in any case. Using the separate added step for trichloramine
and the added interferences, organic nitrogenous compounds, none of the
pools would meet the maximal allowable combined residual level of 1.0 ppm,
at any time. Combined residual levels would be in excess by 200% to 630%.
Figures 6.30 to 6.32 show the results and trends discussed above.

Pool III always met the FAC minimal regulated level in both the
summer and fall sampling program. There was a tendency for the FAC level
to decrease during the day. If only, monochloramine and dichloramine were
used for combined residual, the maximal permissible combined residual level
of 1.0 ppm would also be met at all times. But, if the trichloramine were also
used, the level of combined residual would exceed the allowable limit by 5%
to 97% (see Figure 6.33).

The level of combined residual found at Pool III represented the
lowest level of all three Facilities participating in this study. As a general
profile for Pool III, considering the worst case, the combined residual level
represented less than 50% of the total residual. In comparison, Pool I on July
26, 1990 (see Figure 6.20) presented levels that were of a similar order when
comparing pools with similar temperatures, while Pool I-E which was

maintained at a higher temperature showed that 90% of the total result was
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combined. Pool II shows that 60 to 80% of the total residual was combined
and the two hot tubs at this site showed that 95% of the total residual was

combined.

6.1.3 Trihalomethanes

Trihalomethane swimming pool profiles can be found in Figures 6.34
and 6.35 for July 26, 1990 and July 30, 1990 samples from Pool I. Averages of
pool profile were used to report July 30, 1990 data since the sampling location
did not affect the results. More detailed results can be found in tabular form
in Appendix D3.4.

As shown in the trihalomethane (THM) individual pool profiles,
chloroform and dibromochloromethane were the predominant species found
in pool water. Bromoform was never observed on any of the sampling dates
at any of the 3 sites and was left out altogether for ease of reporting. Levels of
all three THMs found were very consistent throughout the sampling
program on the different days and it was difficult to consider a daily pool
profile, with the exception of very strong peaking effects. Such effects were
observed for the chloroform and dibromochloromethane only.

Initially the very high values were studied to determine if they were
artifacts of the gas chromatographic analysis, but after careful consideration of
the chromatograms in replicate analyses from different vials, a randomized
order of analysis eliminated analytical artifacts as an explanation for the high
values. The peaks remained for fairly short times because between successive
samplings the levels usually dropped back to their previous average observed
level. No parallel with bather load could be established because the number
of bathers reported at the time of sampling was low. However, the number of

bathers reported was for the 15 to 20 min that the sampling was actively
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taking place. There could have very well been a class just finishing prior to

the sampling taking place, while the reported number was zero.

Pool II shows chloroform and dibromochloromethane as the pre-
vailing THMs during the summer sampling, while only chloroform appears
in any interesting level during the fall sampling. The levels observed are
similar to Pool I, and again the heated pools haw« higher concentrations of
the THMs in both seasons. There seems to be a slight daily pool profile with a
tendency of finding decreasing levels of chloroform in the latter part of the
day. In total, 18 different sampling locations were sampled in Pool II-p and
were analyzed a 6 samples (3 were mixed together). Replicate analyses were
performed and a good agreement of all 6 results at the two different sampling
times «during the day was found to be homogeneous throughout the pool

with decreasing concentrations between the two sampling times.

Pool III has slightly lower THM concentrations than Pool I and Pool
II, with chloroform and dibromochloromethane prevailing during the
summer and chloroform during the winter. There was no appearance of a
daily pool profile. A supplementary sample was analyzed on December 5,
1990, this sample was taken from the feed line from the filtration units
providing water to the swimming pool. The difference in the average level
of chloroform present in the pool (all sections combined) was only 11% less
when compared with the feed line sample. The differences could most
certainly be explained by volatilization of the compounds into the overlying

atmosphere. Figures 6.38 and 6.39 show the results discussed above.
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6.1.4  Total Kjeldahl Nitrogen

The total kjeldahl nitrogen (TKN) results do not show individual
swimming pool profiles, or daily pool profiles. In fact, there was only a very
small seasonal profile. Only Pool I-E showed notable differences between the
summer and fall samplings (see Figure 6.40). This latter pool also had the
highest levels of TKN, while Pool I-B was the cleanest with respect to TKN

loading, throughout the summer and fall (see Figure 6.41).

Pool II summer samples were performed on 100 mL aliquots and no
nitrogen was detected. As can be Seen on Figure 6.42, only y showed some
nitrogen in the summer. A modified protocol was then used for the samples
in the later part of July and until completion of the sampling program at all
pools. In the fall, analyses were performed on 500 mL aliquots, to provide
results for Pool II-a and Pool II-f that were similar to the levels present in
Pool I-A, Pool I-C and Pool I-D. The levels remain fairly constant during the
day with only a very slight loss. Again the heated pools present the highest

level, and a tendency to indicate decreasing levels during the day.

Pool III follows the same scenario as Pool II for the analysis
procedure. Results for the fall season were very consistent throughout the
pool, independent of the pool section. Because of the earlier observations
about pool homogeneity with respect to sample locations, samples were
mixed as per individual sections prior to analysis. Results showed in Figure
6.43 are based on mixed samples (e.g locations 1 to 5 for section X, X (1-5)).
The additional sample from the feeding line from the filtration units yields
the same TKN level as in the pool. There was no daily time profile. Results,

in general, were lower than levels found in Pool I except for Pool I-B which
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remained the cleanest with respect to TKN levels. Detailed resulis for the

TKN a:alysis can be found in Appendix D4.2.

As reported in section 2.1.1.3, similar reaction mechanisms provide
aldehydes and nitriles as disinfection by-products following chlorination of
organically contaminsted water. The formation of aldehydes should be
correlated to TKIN because of their formation from amino acids. As can be
seen in Figure 6.44, results from the July 26, 1990 sampling at Facility I showed
a correlation between the aldehyde levels and the total kjeldahl nitrogen
(TKN) levels. The same trend was observed on all six days of sampling at
Facility I. A more general plot (Figure 6.45) shows all six days of sampling and
provides a correlation coefficient, R = 0.67 which is significant at the 1% level.

A similar trend was observed in Figure 6.46 which showed the
aldehyde formation in respect with the total organic carbon (TOC) present.
That is, formation of aldehydes as disinfection by-products depends on the
availability of substrate as measured by the TOC (and TKN) levels. The
correlation between TOC and TKN is showed in Figure 6.47. The correlation
coefficient between TOC and TKN (R=0.975) is significant at the 1% level.
This simply suggest that the organic contaminants (measured as TOC) in the
water were dominated by amino acids, peptides and similar organic nitrogen
compounds. These type of compounds would be shed from the bathers and

measured as TKN.
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6.1.5  Total Organic Carbon

The following general observations for total organic carbon (TOC)
were observed for Pool I. As showed in Figure 6.48, TOC results are relatively
homogeneous from one sampling point to another for a given pool at a given
time. Daily profiles are showed in Figure 6.49, they were not very distinct
although for a given day a tendency can be observed but the same pool
showed different tendencies on different days. One general characteristic that
stands out was the observation of higher TOC concentration in heated pools
and also the fact that those latter pools show greater seasonal changes in TOC
levels. Pool I-B was again the cleanest pool with respect to TOC levels.
Profiles between the two seasons tested were not distinct and do not provide a
generalized trend one way or another.

Pool II by comparison showed a definite difference between the two
seasons with the summer sampling presenting the highest concentration in
comparison with the fall. The TOC levels were consistent in both seasons
Pool II-a and Pool II-B have similar levels and the two hot tubs, Pool II-x and
Pool 1I-3, have the highest TOC concentrations. As can be seen in Figure 6.50,
there was no daily profile with respect to different sampling time.

Pool III presented the TOC levels with the most consistency even
between sampling seasons, as showed in Figure 6.51. Althougi, the
concentrations were slightly less in the summer, the difference is only atout
0.7 ppm between the two seasons. Looking at the results over a daily time
profile performed in the fall the difference is about 0.2 ppm. The water
sample from the filtration unit feed line was 5.75 ppm. This was within the
previously mentioned deviation of 0.2 ppm when compared to the level

found in the pool.
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6.1.6  Cross-Correlation Between Measured Parameters

Time profiles about various parameters are presented in the
following figures under this section. Additional correlations between the
chemical, physical and microbial parameters measured are attempted. The
figures relate to Facility I on November 29, 1990.

Figure 6.52 (a) shows the log plot of the heterotrophic plate counts
(HPC) as a function of time for all the pools at Facility I. Figure 6.52 (b) shows
the fluctuation of bather load as a function of time for all the pools at Facility
I. The highest peak correspond to lunch hour, with some intermediate peaks
in the morning and late afternoon. This Figure is a typical representation of
the distribution of bathers at the facility. The comparison between the log
plot of HPC and bathers fluctuation as a function of time is very good.

The next two figures (see Figures 6.53 (a) and (b)) represent the
variation of organic loading and conductivity as a function of time for each
individual pool at the site. The legend accompanying the plot indicates
which data correspond to each individual pool. As can be seen from the
figures, no change was observed throughout the day for either TOC or
conductivity measurements with respect to a given pool with the exception of

the conductivity for Pool I-B. The absence of daily profile for TOC was

showed earlier with bar graphs (see Figures 6.49 to 6.51). In addition, the

absence of pool profile is also demonstrated. The three points for each
individual pool at a given sampling time are overlapping or are very tigh:.
The following series of figures, show the variation of microbial
activity (log HPC), organic loading (TOC) and conductivity of the water w:th
respect to bather load for each individual pool as a function of time. Figures
6.54 (b) and (c) follow a similar pattern demonstrating a correlation between

the organic load and the conductivity. Figure 6.54 (a), representing the
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microbial activity, shows a mixed pattern with no definite tendency. The
results obtained for each individual location are further apart, demonstrating
Jocal pockets of microbial activity in each pool. The local pockets of microbial
activity were also reported by Mallmann (1962).

The next series of Figures correlates the microbial activity with the
chlorine species encountered in the water (see Figure 6.55 (a), (b) and (c)).
Again no definite trends were observed.

Figures 6.56 (a), (b) and (c) show variation of éhlorine species for each
individual pool as function of time. The general trend shows a slight
tendency for the disinfecting species to decrease during the day. This would
explain the increased frequency of "Confluent Growth" observed at the end of
the day for the different indoor swimming pools participating in this study

(qualitative observation).
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6.1.7 Large Volume Aqueous Sample Extraction

The large volume aqueous sample extractions were performed only
in the second phase of the sampling program to provide more complete
background information on the organic chemical loading present in the water
phase. This analysis provides only qualitative results based on tentative
ideritication by GC/MSD of a wide range of contaminants present in the
water phase. The results have been separated according to the pH of the water
at extraction. The tables provide information about the retention times, the
name of the tentatively identified compounds, molecular weight and quality
of the match. Details are provided in Appendix D5.

The acidified extractions resulted in a larger amount of compound for
all three swimming pool water tested. Swimming pool water from Pool I-E,
Pool II-y and Pool III section Y were analyzed. A large number of compounds
were found but only a small proportion of peaks were tentatively identified
(see Table 6.1 for the acid extract). Most tentative identifications were poor
MSD fits. {owever two families of compounds stood out. Compounds
containing nitrile group and compounds containing carboxylic acid group.
The nitrile containing compounds would be expected according to the
chlorine amino acid reactions that yield aldehydes or nitrile depending on pH
and chlorine/amino acids ratio. These findings about a common mechanism
of formation of aldehydes and nitriles have been reported in previous
research by Hrudey et al. (1989) and were discussed in section 2.1.1.3. Figure
6.57 shows the total ion chromatogram (TIC) for the acid aqueous extract for

Pool I-E.
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Table 6.1 Large Volume Aqueous Acid Extraction for Pool I-E.
Retention Compound Molecular | Probability

Time Weight by MSD
4.426 unknown
5.191 unknown
10.174 3-chlorobutanenitrile 103 53
12.16 unknown
12.643 benzaldehyde 106 94
13.567 butanedinitrile or iso 80 86
16.309 2,2,dichloro acetamide 126 47
16.421 pentanedinitrile or iso 94 53
17.71 unknown
18.304 unknown
18.817 benzeneacetonitrile 117 96
20.37 unknown
22.359 ammonium salt of benzoic acid 139 72
24.274 phenyl propanedioic acid 180 86
25.006 nonanoic acid 158 70
27.081 decanoic acid 172 70
27.408 decanoic acid 172 86
28.555 bis (1-methylethyl)hexanedioic acid 230 83
29.545 undecanoic acid 186 89
29.931 unknown
30.149 unknown
30.872 unknown
37.279 unknown
31.784 diethyl phthalate 222
32.38 dodecanoic acid 200 94
33.352 unknown
33.471 unkrown
33.659 unknown
33.857 unknown
34.313 tridecanoic acid 214 94
35.653 unknown
36.695 tetradecanoic acid 278 98
36.943 unknown
37.638 unknown
37.976 unknown
38.561 pentadecanoic acid 242 96
39.216 2,5 dihydro-2,5-methoxy furan 130
40.655 hexadecanoic acid 256 93
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Table 6.1 (Continued) Large Volume Aqueous Acid Extraction for Pool I-E.
Retention Compound Molecular | Probability
Time {Continued) Weight by MSD

41.548 long chain alkane

41.776 unknown
43.472 long chain alkane
43.78 unknown
44.435 octadecanoic acid low
45.348 long chain alkane
45.487 ... benzene dicarboxylic acid 334 87
45.596 phthalate
45.686 phthalate
45.795 phthalate
45.924 phthalate
46.033 phthalate
46.152 phthalate
46.231 phthalate
46.479 phthalate
46.608 phthalate
47.155 long chain alkane
48.88 long chain alkane
49.316 phthalate
50.533 long chain alkane
51.512 long chain alkane
52.282 long chain alkane
54.357 long chain alkane
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The method employed is very harsh for volatile compounds, with
respect to the Kuderna-Danish concentration procedure. The smallest
compound observed was butanedinitrile with a molecular weight of 80
g/mole. Alkanes and some rare halogenated compounds were also found,
this time in the neutral extraction of the swimming pool water. Compounds

found were quite similar amiong all three swimming pools tested.



6.2 Air Sampling
6.2.1  1,4-DNPH Pool Sampling

Analysis of the air phase on October 9, 1990 from Pool I by the air
sampling 2.dsorption tube provided no information on the concentration of
aldehydes present in the air phase. Initial work had been attempted on
GC/ECD without success. The chromatograms were not very well defined
and the peaks that were present were in higher concentrations in the method
blank. On October 16, 1990, a hydrazone standard of each formaldehyde and
acetaldehyde, as well as, an air sample from October 9, 1990 were analyzed by
GC with mass selective detection (MSD). The retention time and presence of
the formaldehyde hydrazone were confirmed in the one air sample from Pool
I. The sample had been taken over Pool I-E for a sampling time of 30 min at a
flow rate of 2 L/min. Although the presence was confirmed, it was not
possible to determine the concentration, since the sample had to be
concentrated under a stream of nitrogen leaving a very small peak with a
fairly strong background. Moreover, the levels in the method blank were, as
in the GC/ECD analysis, still more important than in the sample itself
making the confirmation of the hydrazone in the air sample less credible.
Further experiments tried to deal with the highly contaminated background
of the coated silica gel to obtain better definition of the air contaminants
sampled, if any, with respect to the background levels.

Resin was used in an effort to clean-up the background contaminants
from the coated silica gel. Different approaches were tried in order to provide
a better quality of coating at the start. Carbonyl free solvent was prepared and
more thoroughly dried coated silica gel was used, but nothing seemed to

provide the required improvements.
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The following sections will discuss all the different experimental
attemnpts that were tried to finally explain why it was not possible to quantify
aldehydes in the overlying atmosphere at Pool I anc ilso why it was initially
judged to be of limited value to pu' ‘ue further t “ting at the other sites

involved in the study.

6.2.2  Recovery Trials

Recovery trial tests were designed to evaluate the quality of the
sampling involved when using the adsorption tube technique developed in
this project. Basically, a known amount of aldehyde was spiked into the flow
of nitrogen leading to the heated generated ampoule in series with the
sampling tube and pumps. The coated silica gel was then extracted as
described in section 5.2.1.7 and analyzed by GC/FID to confirm the amount of
hydrazone recovered from the spike by making use of a calibration curve for
the hydrazone.

The recovery trials were performed with acetaldehyde. This aldehyde
was judged to be the most likely to be detected at swimming pool sites because
its aqueous concentrations were close to formaldehyde but acetaldehyde has a
much higher air-water partition coefficient.

The results from the open setting vary from 130% to 23% recovery
with the lowest yield corresponding to the highest concentration spiked. The
results show that increasing spiked concentrations were recovered in
decreasing yield. Therefore the open setting was questionable in that

vaporized aldehyde might be escaping the generating ampoule from the open

top.
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Table 6.2  Recovery Trial with Acetaldehyde Using Open System.

Concentration | Concentration Recovery
Spiked Recovered Efficiency
ng/L ug/L %o
0 0.0445 -
0.1138 0.1478 130
0.2277 0.2030 89
0.5692 0.2826 50
0.5692 0.2161 38
1.1383 0.2655 23

To avoid such losses a second closed setting was also tried. Lower
yields were obtained in this experiment. These lower yields gave the
opportunity to conclude about the importance of contact time. Forcing the
aldehyde to go through the sampling tube faster by apply a greater nitrogen
pressure, resulted in shorter contact time. This resulted in less time for the
aldehyde to react with the reagent on the surface of the coated silica gel. At
the lower concentration a much poorer yield than before was obtained, 38%
compared with 130%. This would also provide evidence to assume that
poorer yields result from shorter contact time as concentration was increased
in the open setting. Since the reaction occur at the surface there might not
have been enough free site to allow sufficient time to react with the 2,4-

DNPH reagent when higher concentration were spiked.
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Table 6.3 Recovery Trial with Acetaldehyde Using Closed System.
Concentration | Concentration Recovery
Spiked Recovered Efficiency
pug/L pg/L %
0 0.0079 -
0.0918 0.0347 38
0.4990 0.1008 20

Additional tests involved the use of 2 g of coated silica gel, instead of
1 g, which would allow an increased contact time at the same flow rate since
the packing was now 8 cm in height instead of 4 cm. However the suction
action of the pump was found to be too weak to draw the air through within
the 5% accuracy required by the program low flow (PLF) trip time, resulting in

continuous stopping of the pump suction.

6.2.3  Controlled Water Basin Trials

The controlled water basin studies were performed to address the
question of detectability of an aldehyde concentration in the air phase from a
known water aldehyde concentration under conditions representative of a
non-ideal system. Based on the extrapolation of the known concentration of
aldef\yde in the aqueous media and through calculation with the equations
and partition coefficients described in Betterton and Hoffimann (1988) an
expected air-phase concentration was calculated under ideal conditions.

The actual concentrations recovered in the air phase were, as
expected, much lower than the expected air-phase concentration under ideal

conditions. Less then 4% of the calculated aldehyde concentrations were
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collected over a water basin with a known concentration in water.
Furthermore, the controlled experiment used aldehyde concentration that
were ten times higher than the worst aldehyde concentration encountered at
the swimming pool in the water phase. This factor was introduce to improve
chances of detectability. The very low aldehyde concentration recovered
under the much higher concentrations used, in combination with recovery
under 100% makes it virtually impossible to talk about valid quantification of
the air phase level, unless a very good reproducibility of recovery efficiency
for a given concentration can be established as a correction factor.

Under section 6.2.2, replicate analyses of a spiked concentration of

0.5692 pg of au:r G /L of air gave 50% and 38% recovery efficiency,
giving an unaccent=iiz .- :gin of error at that concentration. With respect to
the upper and .. . .imits determined by the recoveries mentioned a 34%

error would be possible. On the other hand, the qualitative approach would
permit the confirmation of the preseace as well as an approximation (with a
large error) of air phase levels as low as 35 pg/m3 (16 ppb) for acetaldehyde
and 67 pg/m3 (54 ppb) for formaldehyde (under laboratory conditions).
However, even the highest aqueous concentrations of formaldehyde and/or
acetaldehyde at the pools would result (under optimum conditions; in much
too low air phase concentration (as calculated by the partition coefficients in
Appendix D7.3) to be detectable by the air sampling tube method.

Because Pool I presented the worst level of aldehydes in the aqueous
phase and the quantification was made difficult with respect to background
artifacts, reproducibility in collection efficiency and much lower levels than
predictable under ideal conditions, it was determined that quantification
experiments at the sites presenting lower level in the water would be next to

impossible.
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6.2.4  Air Bag Sampling

Air bag sampling was tried to ensure that a broader background of
potential air contaminants was surveyed. Experiments to ensure that
formaldehyde and acetaldehyde could be differentiated were attempted with
the high moisture background present in the samples.

The grab sample from November 1, 1990 from the overlving
atmosphere at Pool I-E revealed no air contaminant other than carbon
dioxide (COy) and methane (CHy). The CO; was found at a concentration of
490 ppm and the methane was found at a lower concentration than the room
air used to provide background correction for the moisture content. it was
evaluated at 2 ppm. Furthermore there was ro carbon monoxide (CO) or any
other contaminants found. The level of detection permissible by the FTIR
used was in the parts per million (ppm), while the earlier adsorption tube
although mos« specifically applied for aldehydes permitted qualitative
confirmation in the parts per billion (ppb) range.

Acetaldehyde and formaldehyde could have been distinguished by
FTIR if concentrations at the ppm level were encountered. Figures 6.58 to
6.60 show the air sample taken at the swimming pool, and the possible
differentiation between formaldehyde and acetaldehyde with the high

moisture background.
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6.3 Microbial Analysis
6.3.1  Aqueous Phase Microbial Results
The bacteriological water quality guidelines for swimming pools

stipulate the following regulatory frequency:

" ..not more than 2 consecutive water samples and not more than 15%
of the series of samples taken over a 6 month period..." (Section 15.4)

shall present adverse water quality conditions that contain or show: the
presence of more than 200 bacteria per millilitre as determined by the
standard 35°C plate count method; the presence of Pseudomonas aeruginosa
in the case of swimming pools maintained at temperatures greater than 30°C;
and the presence of coliforms in a 100 mL sample analyzed by the membrane
filtration method.

All pools showed positive results for the presence of total coliforms
(TC), as well as, fecal coliforms (FC). In general the TC and FC counts showed
a tendency to increase during the day, which probably reflects the bather load
and bather composition during the sampling period with respect to personal
hygiene, age and sex. The types of coliforms found to be present included:
Escherichia coli, Enterobacter aerogenes, Klebsiel’a pneumoniae, Klebsiella
oxytoca, Citrobacter freundii and Salmonella enteridis (on one occasion only).
With the exception of Salmonella enteridis, these organisms have been
reported as part of the normal human genito-urinary and intestinal flora
(Drasar and Roberts 1990, Ison 1990, Hill 1990). Under favourable conditions,
these organisms may also be direct or cpportunistic human pathogens

(Lennette et al. 1985).
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In crder to determine, if TC and FC were part of the normal microbial
profile of swimming pools on a regular basis rather than only on occasion, it
would be necessary to survey the monitored swimming pools on a more
frequent basis than was possible in this preliminary study. Also, the potential
health risk contributed by these microorganisms could only be determined
from a much more extensive epidemiological study than possible in this
preliminary study. This latter survey would have to be in very close
combination with a chemical/microbial survey for identification of chemical
contaminants and microbial population as causative agents related to the
symptorr.: experienced by ti:: +..-inming pool users.

Total heterotrophic j.:ate counts of the pool water samples usually
met the regulations, except where "confluent" growth was recorded. The
occurrence oi <onfluent growth was encountered most frequently at Pool HI
Again, more frequent sampling would be required to establish if the
confluent growth prevailed on a routine basis or reflected some particular
operational prcblem, which the samplers were not aware of during the time
of the scheduled sampling. Occusional confluent growth was also noted at the
other two sites surveyed, but they appeared more prevalent towards the end
of the day, rather than at the outset, as was noted for Pool I11.

Limited information was obtained from the other microbial
indicators surveyed in the water phase, including fecal Streptococcus, and
Pseudomonas aeruginosa in relation to the users symptoms. Legionella had
been tested for the first phase of the program, but was not identified as being

present in any samples.



As described in section 6.1.6, microbial activity as indicated by HPC in
the Figures correlates very well with TOC, indicatives of source of substrate
for the microorganisms growth. This correlation in turn also correspond
with the conductivity measurements of the water and the bather load as the

origin for the substrate and added particles.

6.3.2  Air Phase Aerosol Monitoring

Aerosol monitoring revealed a more diverse fungal population than
the water phase and included the following organisms: Aspergillus,
Penicillium, Candida, Mucor, Rhizopus, Acremonium species and
actinomycetes. These organisms may act as potent antigens and are capable of
causing a variety of allergic and pulmonary symptoms, as well as, bronchial
obstruction in susceptible hosts in the population.

The preliminary aerosol monitoring performed was hampered by the
fact that only a single aerosol monitor was available making adequate
monitoring at each site difficult. Nevertheless, the limited available results
from the aerosol monitoring and the results from the aqueous phase make
the possibility of future exhaustive monitoring of the microbial quality of the
air phase very interesting as pctential vector of adverse health symptoms.
One possible route of particular interest is the inhalation of endotoxin.
Endotoxin is the lipopolysaccharide (LPS) of the outer membrane of Gram-
negative bacteria (Schaechter et al. 1989). Gram-negative bacteria inciude
species such as coliforms, Pseudomonas and many heterotrophic organisms
which would contain LPS as part of their cell wall. Endotoxins are also
known as pyrogens. The endotoxin species are capable of inducing diverse
pharmacological and immunological changes at both low and high levels

(Schaecter et al. 1989). At low concentration, endotoxins may generate
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symptems from fever to increased antibodv synthesis and inflammation.
When present in larger concentrations, endotoxins can cause: shock,
hypotension and disseminated intravascular coagulation (Schaecter et al.
1989). When the body is overwhelmed by sepsis of Gram-negative bacteria
such as E. coli, P.aeruginosa or others, reactions mentioned earlier can be

observed.

6.4 Health Significance of Results

Chlorination using chlorine gas is the most commonly used
disinfectant in municipally owned public swimming pools and is the
required disinfection method under the Provincial Regulation for Public
Swimming Pools. The different dissociation and reaction products of
chlorine gas in water containing ammonia or nitrogenous compounds are
regulated under the Alberta Regulation 247/85. The presence of a residual
free available chlorine in the swimming pool is commendable to ensure
adequate disinfection of the water. However, a FAC residual does not ensure
disinfection because of the regrowth and resistance of some microorganisms
and therefore FAC can not be used as an indicator of adequate disinfection in
replacement of actual bacterial and virus enumeration.

The level of combined residual are also reguiated under the Alberta
Regulation 247/85. The primary reasons are for optimum disinfection
capacity and swimmers comfort. As it is well known the disinfection capacity
of the so called "bound etfective chlorine" (Lahl et al. 1981) is less then that of
the free species (FAC). In addition, the combined residual composed of
inorganic and organic chloramines is a source for concern with respect to
bathers comfort. The "bound effective chlorine” is used as a measure of the

potential for water to irritate the mucous membrane of swimmers (Lahl et al.
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1981). The chloramine species are also suggested as a source for eye irritation
(Crabill and Lyman 1963).

The trihalomethanes found in the swimming pools arise from the
chlorination of water containing organic contaminants. Swimmers are
exposed to TTHMs uptake when they are totally immersed in the water, at
one time or another, and when they take water into their mouth and spit it
out (Beech 1980, Kaas and Rudiey: :aard 1988).

The pathways of exposurc are diverse and depend on the chemical
and physical characteristics of the compounds. Dermal, oral, buccal
sublingual (under the tongue), orbital, nasal, aural and inhalation are the
pathways through which TTHMs can ¢« up-taken by the swimmers.
Estimates of the worst case trihalomethzn. : -1y burden for swimming pool
users are important (Beech 1980, Beech et .. 980, Aggazzotti et al. 1990). A
worst case body burden TTHMs uptake was estimated by Beech (1980) for a 5
to 9 year old boy weighing 21.9 kg and exposed for three hours of bathing in
water supporting a concentration of 500 pg/L as CHCl3. The up-take was
found to be greater then if 2 L of water containing 100 ug/L of CHCl3 were
drank by the same boy.

Comparison of the trihalomethane levels found in the swimming
pools participating in this study and the reported literature levels for the
same parameters compare favourably presenting lower levels when
excluding the peaks encountered at Facility I on October 9, 1990. These peaks
represented unusual levels of chloroform and bromodichloromethane. The
levels for THMs presented in Table 6.4 constitute an extract of the reported

values in the available literature.
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Total Organic Carbon and Total Kjeldahl Nitrogen have been shown
to correlate very well in this study (see Figure 6.47). They correspond to an
increased burden on the FAC by reacting to form more noxious compounds
such as the trihalomethanes, namely chloroform, and chloronitrogenous
compounds of inorganic and organic nature. The resulting compounds also
have reduced or no germicidal capacity and therefore serve no useful
purpose.

There was no correlation between the TOC and the TTHMs results as
was also reported by Benoit and Jackson (1987). Their explanation on the
absence of correlation is illustrated quite convincingly in Figure 6.61. They
attribute the absence of a correlation between TOC and TTHMs to long term
use of the water in the pools. Combined with the long term use is the rapid
exhaustion for fresh TOC to react with chlorine and produce TTHMSs, in that
each unit of TOC has a finite trihalomethane formation potential. This is in
opposition to the correlation reported by Singer and Chang (1989) for drinking
water treatment. The high volatility of the THMs will also contribute to

keeping water phase concentrations lower.
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The aldehydes are not currently regulated for public swimming pools.
In view of all the health effects that they are responsible for and the finding of
high levels in the water phase, the health significance of aldehydes in
swimming pools warrants further investigation. Figure 6.46 indicates a
significant correlation between aldeliydes and TOC (and TKN). These
aldehydes appear to be formed in response to increasing levels of TOC (bather
load). They do not appear to reach maximum levels independent of TOC as
observed for TTHMs. Their relation in the water phase with the TOC may
result from their much lower Henry's Law constants compared with the

THMs.

Lists of microbial identification from the water phase analysis on aa
individual base for each facility are provided in Appendix E3 along with
commonly reported clinical manifestations. Table 6.5 provides a comparison
between the range of microbial results obtained from the three facilities
participating in this study and previously reported results from the literature.

As earlier mentioned, FAC measurements as an indicator of adequate
disinfection alone, is inadequate and should be done concomitantly with
bacterial enumeration. As most of the disease contracted in swimming pools
are skin related disease (Tosti and Volterra 1988), any additional microbial
indicators should provide information about the hygienic condition of the
water with respect to skin disease causing microcrganisms, rather than the

current emphasis on enteric disease causing microorganisms.
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Table 6.5

1o

Comparison of Range of Microbial Results Reported in this
Study and in the Literature.

Species Facility I  Facility 1I Facility HHI|| Tostiand Schiemann  Calderon
Volterra 1985* and Mood
1988 1982
HPC <1 to 5to <lto 16 t0 15000 0 to >3000 3t021%
(cfu/mL) Confluent Confluent  Confluent
Growth rrowth Growth
TC <1 to <1 to 191 <1to 0to 300 0to26 -
(cfu/100 mL) Confluent Confluent
Growth Growth
FC <1 to <1 <lto 12 0to 42 - Oto 1
{cfu/100 mL) Confluent
Growth
Klebsiella <1to28 <1 <1to - - -
(cfu/100 mL) Confluent
Growth
P. aeruginosa <1 to <lto <1to 22 3 to 15000 tod Oto?2
(cfu/100 mL) Confluent  Confluent
Growth Growth
F.Streptococcu <1to 50 <1to 143 <1to - )to 170 -
(cfu/100 mL) Confluent
Growth

* Results provided are for a swimming pool disinfected by ozonation

In general the water quality observed at the the three Facilities was

found to be indicative of some disinfection problems.

Both the chemical

aspect and the microbial aspect agree in that matter. Although, it was not

possible to differentiate the inorganic chloramines from the organic

chloramines, the high levels encountered were to the disadvantage of the

swimming pool operators, whether they were trying to keep up with

disinfection efficiency or swimmers comfort.



The aldehydes concentration were found to be in fairly high
concentration at Facility I which has apparently been plagued by more
complaints from the patrons. Aldehydes were notably lower at the two other
facilities, though Facility II apparently to receives complaints as well. In
addition, the combined residual levels were much higher at Facility 1 than at
the other facilities.

Penny and Winter (1984) have suggested that »>+:mming pool waters
represent much more concentrated conditions than encountered in the
drinking water industry but follow the same line of concern with respect to
disinfection by-products. By extrapolation swimming pools would represent

ideal media to study the mechanisms of production of irritant substances.

Table 6.6 shows the lower and upper limits for the different microbial
species found in the aerosol samples at the three sites. These limits were
extracted from the results tabulated in Appendix E2. As shown, Facility I
presented the worst levels for bacterial counts with respect to both lower and
upper limits. By comparison, the fungal counts were much lower than the
bacterial counts and were among the lowest. Facility IT presented the highest
fungal counts. Solomon (1990) has reported the lack of occurrence of
suspected healih effects from exposure to microbial aerosols below 1000
cfu/m3. The aerosol monitoring, in this present study, provided results that
were well bellow the 1000 cfu/m3 healih effects limit reported by Solomon
(1990). However, the same author does not exclude risks of microbially-
induced health effects with lesser values.

Macher et al. (1991) have established useful baseline data representing
"no complaints levels" for indoor air of apartment dwelling. A comparison

of the microbial aerosol results obtained in the present study and the reported
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results by Macher et al. (1991) is also elaborated in Table 6.6. As shown, only
the bacterial counts found at Facility I and Facility II would exceed the results
reported by Macher et al. (1991). The fungal counts were always below the "no

complaints levels" reported by the former authors.

Table 6.6 Lower and Upper Limits of Microbial Species Found in the
Aerosol Samples at the Three Sites Under Study and
Comparison with the Macher et al. (1991) Study.

Species Facility I Facility I Facility 111 Macher et al.
(1991)

Bacteria 41 to 747 19 to 350 6 to 166 72 to 206

cfu/m3

Fungi 6 to 28 3to116 0to 19 148 to 351

cfu/m3

Actinomycete 0 Oto3 O0to3 <1

cfu/m3

Yeasts 9t0 13 0to 78 0tob NR

cfu/m3

NR: Not Reported



7. CONCLUSIONS

Both potential sources of irritants, that is chemical substances and
microorganisms, have provided some useful informa.ion as to the possible
sources of irritation.

The very important aqueous levels of total aldehydes, basically
present as formaldehyde and acetaldehyde, at Pool I differed greatly from the
levels encountered at the two other sites under investigation. This could be
an important consideration in interpreting the epidemiological evaluation of
the three sites under investigation. The peak trihalomethane levels found at
Pool 1, attracts attention to the possibility of short term high level exposures.
The possibility of formaldehyde exposure via aerosol could not be fully
assessed.

The apparent inadequate disinfection observed at Pool 1II, as
demonstrated by frequent HPC confluent growth, does not correspond with
increased health complaints compared with the other facilities. By
comparison, the chemical parameters at Pool LI were almost always lower
when compared with the other sites in the study. Because Pool III has been
free of specific complaints this implies that microbial factors alone, cannot
explain the frequency of complaints from pool users.

There are a wide variety of possible health effects from either the
microbial aspect or the chemical aspect and thre is not likely to be a single
cause of health complaints. A complex interaction of the different parameters
evaluated from one and/or a combination of both sources would most likely
be at the origin of the problems.

The aerosol results presented lower counts than the health effects
limit of 1000 cfu/m3 proposed by Solomon (1990). They were also lower than

the reported "no complaints levels” by Macher et al. (1991) with the exception

1ol



of the bacterial counts at Facility I and Facility Il. However, the potential for
irritation is still present, if the complex potential combination with the
different contaminants present at swimming pools, in either the water or the
air phase, is taken into consideration.

In addition, previous sensitization and personal pre-disposition will
complicate the evaluation of the potential causes of environmental health

problem at indoor public swimming pools.

The following tables summarize the chemical compounds that were
found in the aqueous phase. Some contaminants have been quantified (Q)
while others have only been tentatively identified (I). Given the large variety
of chemicals tentatively identified and the many more which are still
unknown, there is a need for a more exhaustive investigation to confirm the

identity of other water phase contaminants.
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Table 7.2

in the Aqueous Phase at the Different Facilities.
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Summary of the Chemical Contaminants Tentatively Identified

Chemical Facility 1 Facility I | Facility 11l
Compounds
Butanedinitrile or iso I I 1
Pentanedinitrile I I I
Benzeneacetonitrile I I I
Dimethyl phthalate ND ND 1
Bis(1-methylethyl)hexenedioic acid I ND ND
N,N-diethyl-3-methyl benzamide I ND ND
Diethylphthalate I I I
Benzenedicarboxylic acid I 1 |
Cyclohexanone ND ND I
2,2,2-Trichloroacetamide . ND [ I
Benzoic acid ND ND I
Phenylpropanedioic acid I ND ND
Nonanoic acid ND ND I
Undecanoic acid I I ND
Dodecanoic acid I I I
Tridecanoic acid I I I
Tetradecanoic acid I I I
Pentadecanvic acid I I I
Hexadecanoic acid I I I
Benzene dicarboxylic acid I ND ND
Benzyl buthyl phthalate ND I ND
Dioctyl ester of Hexanoic acid ND I ND




8. RECOMMENDATIONS

Further study will be required to obtain a clear understanding of the
complex sources of potential irritants and their interaction at swimming
pools. As the sources are diverse, the combination of the individual
parameters have yet to be evaluated in the literature.

The chemical air sampling, by either the adsorption tube method or
the air bag sampling method, was unable to detect target contaminants in the
enclosed environment at swimming pools. As shown in the controlled water
basin trials, the concentration of aldehvde that could be expected in the air
phase following calculation with the air-water partition coefficient would be
much lower then the present detection limit of either method employed.

Additional work will have to include better air sampling methods
with much lower detection levels and perhaps closer to real time analysis,
eliminating the need for laborious manipulations.

Methods to measure potential traces of chloramines and trihalo-
methanes in the air phase should be also developed. This would provide
interesting information as the chloramines are of particular concern in the
swimming pool industry with respect to lower germicidal capacity and
irritant of the mucous membrane of swimmers (Lahl et al. 1981).

Trihalomethanes and other volatile chlorinated by-products have
been reported in Table 2.2 to present a wide range of symptoms following
exposure. The high aqueous concentrations found on October 9, 1990 at
Facility I "disappeared" within the next sampling interval. The levels found
for the following sampling time had decreased to their normal background
levels. This would imply transfer of the aqueous THMs to the overlying
atmosphere at a very fast rate as confirmed by their high Henry's Law

constants.
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The high water phase concentrations of chlorine species implies that
oxidant species are also present in the air phase. These oxidants should be
monitored as they are potential mucous membrane and lung irritants. Use of
an iodide bubbler could potentially reveal some information about total

oxidants and would be a rapid method of analysis.

In follow up to the chlorine speciation analysis, a degradation study
and comparison between DPD ferrous titrimetric analysis and amperometric
analysis were performed. These were designed to provide information on the
origin of response obtained in the nitrogen trichloride step in each respective
analyses. As mentioned earlier , the organic chloramines interfere with the
determination of the inorganic chloramine species at that stage. Il is
important to determine the true composition of the results obtained, since
nitrogen trichloride has been proposed as an important irritant in the
swimming pool ircustry. The organic chloramines have not been
characterized for their potential as irritants in swimming pool waters and
further research would be desirable.

As it turned out, both chlorine methods tested are incapable of
discriminating organic from inorganic chloramines. Lukasewycz et al. (1989)
have reported a method that makes use of high performarce liquid
chromatography (HPLC) to differentiate between the organic and inorganic
chloramine species. Further GC/MSD work should also be performed *o
complete a better picture of the tentative species identified.

In another approach, AOX measurements should be performed in
subsequent research to acquire a better knowledge of the distribution of the
chlorinated species present in water. These analyses could be performed in

two steps. In a first step, the AOX analysis could be performed on the sample
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coming directly from the pool. In a second step, the sample could be purged
and the remaining AOX determined. This would somewhat qualify the
volatility of the contaminants present in the water phase and their potential

for exchange with the water phase in aerosol and water tlumes.

Early aerosol monitoring revealed interesting levels of Gram-
negative species present in the air phase. Gram-negative bacteria contain a
lipopolysaccharide called endotoxin, as part of their cell wall. Endotoxin has
been reported to produce a wide variety of allergy-like symptoms (Schaecter et
al. 1989). Individuals involved in activities where the environment presents
large numbers of Gram-negative bacteria are subject to developing higher
white blood cell counts, hemolytic complement and higher antibody levels to
endotoxins (Lundholm and Rylander 1980). The latter group will experience
higher incidence of nasal, ear and skin infections, as well as, a higher
incidence of burning eyes and skin irritation. A more exhaustive aerosol
program could reveal the full pctential of these Gram-negative species in

view of the symptoms described.

As carbon containing compounds are the source of food for
heterotrophic organisms, it would be desirable to reduce the amount of
organic carbon in water. This would further improve the quality of
disinfection by reducing the source of compounds for halogenation reactions
during the disinfection process. It would also reduce the levels of potentially
noxious by-products being formed during the process.

Improved organic carbon removal could be achieved through
granular activated carbon (GAC) filtration, ozonation (in conjunction with

other processes), biological treatment and fresh water dilution.
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HEALTH SURVEY OF PUBLIC POOL USERS
UNIVERSITY OF ALBERTA
1990
INTERVIEWER-ADMINISTERED QUESTIONNAIRE

Hi, my name is and I'm from the University of Alberta.
I just need to be sure that you can speak English. Can you? Yes / No i
not, cease interview!

OFFICE USE ONLY

Computer ID # E]:D

Do you make regular use of this facility for: (Interviewer:
If more than one use, please state the one which involves
the most time in the facility):

(a) Competitive swimming/diving/synchronized

swimming/other team training? Yes ___ / No ___ D

Please specify the events in which you compete:

(b) Fitness swimming/aquasize classes/PARTICIPACTION?

L]

Yes / No

(¢) Work? (e.g. lifeguard, maintenance, admin., etc.)
Yes / No No. of hours/week:
Occupation

If 'Yes', read Consent form to subject.
If 'No' to (a), (b), and (c), then cease interview.

DEMOGRAPHIC INFORMATION

1. Pool Name (specify): D
2. Interviewee Sequence # E]:[:I l___l_.n_j
3. Interviewee initials: (first, last) D:l

—— .

4. Today's date: rl l l I I ]
Day Month Year

Time: a.m./p.m. E:D:D

5. Sex: Male / Female D




How old are you? (in completed years):

What is your current postal code?

For how long? yeais &/or months
Do you remember your previous postal code?

For how long? years &/or months

Number of people who live in your present house/
apartment?

PERSONAL CHARACTERISTICS

10.

14.

What was your main occupation over the past year?
(specify occupation/industry /any chemicals that you
work with/details):

(eg. student, office, factory, unemployed, volunteer
in ., etc)

For how long in total: years &/or months

Father's occupation:

Mother's occupation:

How tall are you? cm/ ft and in.

How much do you weigh? kg / ibs (round up)

Tobacco smoking history /status:

Have you ever been a smoker? Yes / No
At what age did you start?

At what age did you quit?
(If currently smoking put '99")

Average packs/day

Pack-years

Swimmer: How long ago was it that you became a regular

swimmer in this pool? ___ years &/or ___ months ago
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15.

16.

17.

18.

Worker: How long ago was it that you started to work
regularly in this facility? ___ years &/or _ months ago

Why do you come to this particular pool/ facility?
Specify:

(team, live nearby, work here, etc.)

In addition to this pool facility, do you also regularly

use/work at another indoor ~/ outdoor
swimming pool? Yes / No
If yes, why?
If yes, which one?
Which pool do you prefer?
This one /Other one
Neither /Both OK
Comment:

What pool did you use/work foc ona regular basis before

this pool? Specify (name):

and for how long years &/or months

How long ago was this? ears &/or months
g ag N _—

Why did you stop using/working at the previous pool?

Specify reason:
(eg. moved house, changed teams, laid off, etc.)

O Oooood O @

[ i
HE—

HEN
(11

07
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19. How often have you used /worked at this present facility over the past year?
Please tell me the average number of times/week and the usual time of day that

ycu were in the pool.

Avg # times/week Usual Time:
Opening-11:59 a.m.=1
12:00 (noon)-4:59 p.m.=2
5:00-6:59 p.m.=3
7:00-Closing=4
1989 | June |SUM
July |SUM 1
Sept | FALL 1
Oct |FALL =1 |
Nov |WIN
Dec |WIN 1|
1990 [Jjan | WIN 1|
Feb |WIN 1 |
Mar [WIN 1 |
Apr | SPR 1|
May |SPR B
Jone | SUM -1
]uly SUM — 1
Specify reason if fluctuations from season-to-season: D

SWIMMING BEHAVIOUR/WORF 4 R F FACILITY STAF

20. Please tell me about the last time you swam in this pool.

On which day was it? (date) I l l
Month/Day

For how long were you in the water? minutes ED:]
At what time of the day did you get into the water?

a.m./p.m. [:]:]:D




21.

22.

23.

24.

R(R)

On average over the past year, how long do you spend:

- in the facility before actually swimming? ___ min. EED
- in the pool itself? __ minutes, E]:D
- in the facility after you complete your swim? ___ min. EI:D
- Therefore, you spend ____ minutes in the facility? [:I:D

How often do you wear contact lenses when you swim /work?
0%
1-10%
11-30%
31-100%

a

L1000

How often do you wear protective eye goggles when you swim?
0%
1-10%
11-30%
31-100%

a

When using this facility, do you usually

Swim lengths: Yes / No
If yes, how many? lengths

distance per length

- Dive from the board(s): Yes ____ / No ___
If yes, from what height? ____ meters

- Use saunas: Yes __ / No ___

- Use hot tubs: Yes ___/ No __

- Use steam rooms: Yes ___/ No

- Use only one, or more than one, of the pools
in the facility: One / Two or more

Which one(s)? (specify):

O 0 DDDBDB@D ||

- Use the showers: Yes / No



25.

26.

Use the facility soap to wash your body in the shower?
Yes / No

Use the facility soap to wash you hair in the shower?
Yes / No

Use the vending (food) area?
Yes / No

Other (specify):

When you are swimming/working here, how many

people are usually in the pool?
Specify: (eg. zero, one, it varies from n; to ny, etc.)

When you swim, do you usually swallow any pool
water? Yes / No

If yes, how many times?

OO0 O OooOoodd
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28.

29.
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We want to see if your symptoms change from one swim/work
day to another. From the list, do you notice a change in symptoms
with a change in:

- indoor air temperature Yes ___ / No ____ D
If yes, list symptom(s) affected: D
- pool water temperature Yes ___/ No ____ D
If yes, list symptom(s) affected: D
- indoor air smell/odour/heaviness Yes ____ / No ____ D
If yes, list symptom(s) affected: D
- the number of other pool users Yes ___ / No __ D

i€ yes, list symptom(s) affected:

- indoor humidity Yes / No
If yes, list symptom(s) affected:

- outdoor weather (e.g if raining)  Yes / No

If yes, list symptom(s) affected:

- time of year: Yes /No

winter/spring/summer/fall

If yes, list symptom(s) affected:

Is there anything else that may affect your symptoms?

Comment:

Did the moderate or serious symptoms arise before/after you
started using/working in this facility?

Symptom Before/After

HHEHHEE




30.

31

32.

What do you think is the cause(s) of any of the
problems noted in q. 27 above? Please specify: E[j

Are you satisfied with the swimming/ work experience

at this pool/facility? Yes / No

BEI

Please explain:

Have you had to see a doctor in the past year or S0
about any of *he symptoms noted in q. 27 above?

Yes / No

For which symptom(s)?
If yes, may we contact your doctor?

Yes ___/ No ____
Note: If respondent is under 18 years of age, parental
consent must be obtained (see medical records
release form).*

If yes, Name of Doctor: D:D

Address:

O 0d

Date doctor was last seen for a facility-related complaint?

[(ITTT]

month/year

*Parent/gnardian name:
Address:

Postal Code

Phone number:




33.

34.

35.
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Do you know personally anyone who uses or has used
this facility and who has experienced moderate or serious
symptorrs from the list of symptoms/illnesses noted in

q. 27 above? Yes / No

- If yes, how many such people do you know? #

- How many of these could you ask to call us so that we

could arrange to interview them? #

- Would you please try your best to ask all of these to

DBBD

contact us? Yes / No

(If yes) Please be sure that they give us only your initials
when they call us. Here is a card for each one of these
people with a space for your initials on it, and also with
our name and the telephone number for them to call.

Is there anything about your swimming/working experience here
that you would like to tell me? 1 may not have asked you

about everything. (This section is for any additional comments
that are not provided for in the body of the questionnaire.)

Check for initials on pages 1 and 7.

Interviewer: Please note how ‘comfortable’ the
interviewee was through the interview:

(anxious; seemed credible; honest; comfortable;
not good; etc.)



INFORMED CONSENT DOCUMENT
TITLE:
A Health Survey of Public Pool Users
INVESTIGATOR(S):

Dr. Colin L. Soskolne and Dr. Steve E. Hrudey
Faculty of Medicine
University of Alberta

INFORMATION:

We are studying pool users and staff at a number of Alberta public swimming pools to find out how
much and why they use these pools. We also want to know if there are any health problems that people have
when using the swimming pools. We want to know for how long any kind of health problem has existed and /or
for how long it would last after you have used the pool; muscles, skin, cyes, chest/breathing or other parts of
the body may be considered. Your participation is voluntary and will involve answering questions which
should take about 40 minutes of your time.

Your answers will be stored anonymously. All personal information is confidential to this study.
Results will be reported using an average of all the people who are interviewed. In this way, a single person
cannot be identified. You can stop the interview at any time you want without any harm to your pool use, job or
position on the team, etc. The interviewer wili try to answer any questions you may have. However, if you
have any questions about your health it may be necessary for us to refer you to a doctor. Would you be willing
to help us by answering the questions?

CONSENT:

| understand that the interview process described above, of which | have a copy, has been explained to
me, and that any questions that I have asked have been answered to my satisfaction. | know that 1 may
contact Dr. C.L. Soskolne (492-6013) if I have further questions cither now or in the future. I have been told
that this interview is voluntary. | understand the possible benefits of joining the research study, and that no
known risks are involved. I have been told that personal records relating to this study will be kept
confidential. I understand that I am free to withdraw from the study at any time. I understand that the
participation required of me is limited to a single interview lasting about 40 minutes.

(Initials only, for rcasons of anonymity)
The person who may be contacted
about the research is:

Dr.C. L. Soskolne

Telephone No., 492-6013

(Signature of Witness)

(Date)

(Signature of investigator or designec)



I hereby authorize Dr.

Address:

to release all medical information from the file of

(Name)
relating to any swimming pool complaint (9 to

Dr. Colin Soskolne
University of Alberta

13-103 Clinical Sciences Bldg.
Edmonton, Alberta T6G 2G3

NB: If subject is less than 18 years of age, consent must be obtained from the

parent/guardian.
(Signature - Facility User) (Printed Name)
(Witness) (Date)
(Signature - Parent/Guardian) (Printed Name)

(Witness) (Date)
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INFORMED CONSENT DOCUMENT
TITLE:
A Health Survey of Public Pool Users
INVESTIGATOR(S):

Dr. Colin L. Soskolne and Dr. Steve E. Hrudey
Faculty of Medicine
University of Alberta

INFORMATION:

We are studying pool users and staff at a number of Alberta public swimming pools to find out how
much and why they use these pools. We also want to know if there are any health problems that people have
when using the swimming pools. We want to know for how long any kind of hezlth problem has existed and/or
for how long it would last after you have used the pool; muszles, skin, eyes, chest/breathing or other parts of
the body may be considered. Your participation is voluntary and will involve answering questions which
should take about 40 minutes of your time.

Your answers will be stored anonymously. All personal information is confidential to this study.
Results will be reported using an average of all the people who are interviewed. In this way, a single person
cannot be identified. You can stop the interview at any time you want without any harm to your pool use, job or
position on the team, etc. The interviewer will try to answer any questions you may have. However, if you
have any questions about your health it may be necessary for us to refer you to a doctor. Would you be willing
to help us by answering the questions?

CONSENT:

I understand that the interview process described above, of which I have a copy, has been explained to
me, and that any questions that I have asked have been answered to my satisfaction. | know that I may
contact Dr. C.L. Soskolne (452-6013) if 1 have further questions either now or in the future. 1 have been told
that this interview is voluntary. I understand the possible benefits of joining the research study, and that no
known risks are involved. I have been told that personal records relating to this study will be kept
confidential. I understand that I am free to withdraw from the study at any time. I understand that the
participation required of me is limited to a single interview lasting about 40 minutes.

(Initials only, for reasons of anonymity)
The person who may be contacted
about the research is:

Dr. C. L. Soskolne

Telephone No. 492-6013

(Signature of Witness)

(Date)

(Signature of investigator or designce)
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APPENDIX B

General Information on Swimming Pools,

Management Practices and Ventilation



Identification code: Swimming Pool Facility: Pool 1
Individual Tank (or Part of Tank): A

Sizing: Shape description (drawing)
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Guard Towers x  Skimmers
Wﬂﬂ Stairs/Ladders O Inlets

B staringBlocks O Main Drain

Width: 21m

Length: 50 m

Depth: 20t023m
Volume: 550 000 gal (2082 m3)
Turn Over Rate: 55 h

Location and number of water inlets:
Consult diagram above (inlets):
4 rows of 11 inlets at the bottom, 4.67 m between each.

Location and number of water outlets:
Consult diagram above (skimmers & main drain):
11 skimmers on each sides (Length), 4.67 m between each.
One additional main drain, in the centre.



Identification code: Swimming Pool Facility: Pool I
Individual Tark (or Part of Tank): B

Sizing: Shape description (drawing)
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Y/

Gura:d Towers x  Skimmers

ﬂ[ﬂ]ﬂ Stairs/Ladders O Inlets

Dive Towers O Main Drain

Width: 152 m

Length: 25 m

Depth: 49 m

Volume: 402 000 gal (1522 m3)
Turn Over Rate: 4to5h

Location and number of water inlets:
Consult diagram above (inlets)
4 rows of 11 inlets at the bottom, 4.67 m between each.

Location and number of water outlets:
Consult diagram above (skiraimers & main drain)
18 skimmers distributed all around, 4.67 m between each.
One additional main drain, in the centre.
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1
Identification code: Swimming Pool Facility: Pool 1
Individual Tank (or Part of Tank): Cé& D

Sizing: Shape description (drawing)

Guard Towers x  Skimmers

lﬂﬂm Stairs/Ladders 0 Inlets
Bulkhead O  Main Drain

Width: 13 m

Length: 51 m (Bulkhead separating pool in two parts)
Depth: 1m

Volume: 151 000 gal (572 m3)

Turn Over Rate: 4to5h

Location and number of water inlets:
Consult diagram above (inlets)
2 rows of 12 inlets at the bottom, 16 ft between each.

T ocation and number of water outlets:
Consult diagram above (skimmers & main drain)
24 skimmers distributed all around, 14 ft between ea:h.
One additional main drain, at the west end (Part C).



Identification code: Swimming Pool Facility: Pool I
Individual Tank (or Part of Tank): E

Sizing: Shape description (drawing)

-+
=
3

g

<¢—]13 m—>

N\ Guard Towers X Skimmers

IIMI Stairs/Ladders 0O  Inlets

% Bulkhead O Main Drain

Width: 5m

Length: 13 m

Depth: 0.75 m

Volume: 10 000 gal (38 m3)
Turn Over Rate: 50 min

Location and number of water inlets:
Consult diagram above (inlets)
10 inlets, 1.2 m between each.

Location and number of water outlets:
Consult diagram above (skimmers & main drain)
3 skimmers (West end), 2.5 m between each.
One additional main drain, in the centre.
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Identification code: Swimming Pool Facility: Pool 1

Disinfection chemical(s) used: Chlorine gas

suppliers (lot numbers): Stanchem Lot #: UN 1017
Stock #: 5000-4366 7/89

normal rate of addition: When needed (anytime Chlorine level
drops below 2.0 ppm)

monitoring practices: ~ Chemtrol computer water test,
approximately every 4 hours (4
times daily). LSI's (Langelier
Saturation Index), twice a week or
more if needed.

Cleaning and maintenance practices:

schedule:  Vacuumed weekly, pool drained and scrubbed once
a year. Pool filters are hosed and new diatomaceous
earth applied when vacuum pressure rises above
10. These filters are also removed and scrubbed
once a year or earlier if needed.

cleaners used: ACIDEX Mackenzie and Fiemann Ltd.
Lot #: UN 1789
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Identification code: Swimming Pool Facility: Pool 1

Ventilation Information:
Location of air intakes: Outside of building, just below rode line.

Location of air returns: At present only one air return unit. Outlets
at east end of aquatic centre approximately 40
ft above pool deck. only used if we are
unable to maintain temperature in extreme
cold.

Air circulation rate (range and typical values):
Three supply fans: from 0 to 34,500 CFM each
One supply fan: from 0 to 25,000 CFM.

Type of blower:

Type of filters: ~ Synthetic

Filter maintenance protocol: On automatic rollers, changed as
required. Frequency increases in the

spring.
Climate controls:
Temperature (type of cooling): No cooling
(range and typical)
Humidity (type of humidity control): Supply air fans
(range and typical)

Typical control strategy: ~Air supply is controlled by relative
humidity primarily; temperature is
secondary.

Description of any studies which have been done on the ventilation
system:

An engineering study was completed in 1988. As a result of the
study, corrective measures have been instituted: 1) Filters changed
from fibreglass to synthetic in May 1990; 2) Dehumidification unit
being installed-July to September, 1990.



Identification code: Swimming Pool Facility: Pool 11
Individual Tank (or Part of Tank): a

Sizing: Shape description (drawing)

e O O#@
o o

Guard Towers D Spring Boards

Gtairs/Ladders @ Inlets

B 8 o

Slides O Main Drain

Width: 27 ft (8.2 m)

Length: 42 ft (128 m)

Depth: 12 ft (3.7 m)

Volume: 150,000 US gal (568 m3)
Turn Over Rate: 5to6h

Location and number of water inlets:
Consult diagram above (inlets)
14 inlets distributed all around.

Location and number of water outlets:
Consult diagram above (skimmers & main drain)
Two drains at the bottom.
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Identification code:

Sizing:

Width:

Length:
Depth:
Volume:

000

Pool I
B

Swimming Pool Facility:
Individual Tank (or Part of Tank):

Shape description (drawing)

@ Guard Towers 9 Miniature Slide

o O O B sunfaddes o Inkes
- B e O  MainDrain
°
° Y ™ ° ° o
o &
s . ° ° P ° ®

54 ft (16.5 m) in deep end, 82 ft (25 m) towards middle, 117
ft (35.6 m) at shallow end.

111 ft (33.8 m) with side walls, 36 ft (11 m) shallow end.
from 7 ft (2.1 m) to 6 inches (15 cm)

350,000 US gal.

Turn Over Rate: 5to6h

Location and number of water inlets:
Consult diagram above (inlets)
42 inlets distributed throughout.

Location and number of water outlets:
Consult diagram above (skimmers & main drain)
Three drains at the bottom, in the deep end.
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Identification code: Swimming Pool Facility: Pool 11
Individual Tank (or Part of Tank): x & O

Sizing: Shape description (drawing)

ﬂﬂﬂmﬂl Stairs/Ladders
A Jets

Diameter 10 ft 3 m)
Deptt:

Volume: 3,000 US gal each.
Turn Over Rate: 10 min

Location and number of water inlets:
Consult diagram above (inlets)

Location and number of water outlets:
Consult diagram above (skimmers & main drain)



Identification code: Swimming ool Facility: Pool 11

Disinfection: chemical(s) used: Chlorine gas (for o & B)

suppliers (lot numbers):
normal rate of addition:

monitoring practices:

12% Sodium Hypochlerite (for x & 8),
Oxibrite-GLB

Disinfecting agents feed in by metered
pumps monitored by automated
controller (Strantrol) water tests done
4 times a day.

Cleaning and maintenance practices: Backwash

Filter clause
Maintenance/Preventive
(Computer monitored)

schedule:  Weekly rotational cleaning

cleaners used: -Oxiguard -Sunlight soap
-TLC -Quata Bac
-Windex -Comet

sequestrian agents:

-Super Sequal Solution
-Algmycin

-Clarifier

-Sodium Bicarbonate
-Calcium Chloride
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Identification cor-e: Swimming Pool Facility: Pool II

Ventilation Information:

Location of air intakes: On the roof, some 200 ft West of pool area.
Location of air returns: Two return duck inlets on pool ceiling
Air circulation rate (range and typical values):

Type of blower: Two air handling u: s

Type of filters:  do % efficiency, cardboard

Filter maintenance protocol: 0.5 inch of water

Climate controls:

Temper::+-re (type of cooling): 30 to 32°C
(range and typical)
Humidity (type of humidity control): 35 to 45 % RH
(range and typical)

Typical control strategy: Fresh air dampers open as much as
possible

Description of any studies which have been done on the ventilation
system

-Air Balancing

-Smoke Tests

-Relocate Air Return
-Remove Diffuser

-Various Air Quality Studies
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Identification code: Swimming Pool Facility: Pool III
Individual Tank (or Part of Tank): X, Y& Z

Sizing: Shape description (drawing)

Guard Towers D Spring Boards
mml Stairs/Ladders O Main Drain
7//4 Bulkheads x  Skimmers

Eﬂ Dive Towers ¢ Inlets

///////////////////////////////1

Width:  21m

Lengtl: 52 m

Depth: from 241 m to 45 m
Volume:

Turn Over Rate: 6.3 h

Location and number of water inlets:
Consult diagram above (inlets)
52 inlets distributed all around (two different elevations)
3 inlets at the bottom (South end)

Location and number of water outlets:
Consult diagram above (skimmers & main drain)
Continuous skimmer all around (Sides and Ends)
4 additional main drains, 2 at each end
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Identification code: Swimming Pool Facility: Pool 111

Disinfection chemical(s) used: Chlorine gas

suppliers (lot numbers): Prairie Industrial Chemical

normal rate of addition: Maintain 1.5 ppm Free Chlorize

monitoring practices:  Use Strantrol 390, computerized
chemical controller (Controls pH as
well)

Other chemicals added: -Sodium Bicarbonate
-Sodium Hydroxide (7% solution)
-Muriatic Acid

Cleaning and maintenance practices:

schedule:  Use auto vactum daily (from 11 pm to 6 am, 7 days
a week)

cleaners used: Sodium Hypochlorite 12%



Identification code: Swimming Pool Facility: Pool I

Ventilation Information:

Location of air intakes: Southside roof overhang.

Location of air returns: Southend upper pool space.

Air circulation rate (range and typical values): 40,000 CFM
Type of blower: Centrifugal

Type of filters: R

Filter maintenance protocol: 3 month auprale
Monitor static pressure weekly

Climate controls:
Temperature (type of cooling): Outdoor air
(range and typical): 15%

Humidity (type of humidity control): Outdoor air, Dry-Otron
(range and typical) 50% RH

Typical control strategy: Use outdoor air when temperature is
above -10°C. Use Dry-Otron when
temperature is bellow -10°C.

Description of any studies which have been done on the ventilation
system

Dehumidification Cost Analysis and Modification Proposals by
Engineering firm.



APPENDIX C

Summary of
Alberta Regulation 247/85
Public Health Act

Swimming Pool Regulation

233



TableC.1  Summary of "Swimming Pool Regulation” Under the Public
Health Act, Applicable to Public and Semi-Public Swimming
Pools.

Licence holder under Public Health Act for Swimming Pool must provide or
oblige by the following:

-competent and responsible swimming pool operator supervising
swimmring pool operation, water chemistry and maintenance.

-circulation system and chemical feeders under continuous operation
except: stoppage for maintenance, repairs or backwashing of filters, or
during swimming competition.

-except during competition no person shall use the swimming pool when
circulation system is not operating.

-swimming pool shall be operated so that no less than 50% of circulated
water is returned through overflow devices or channels.

-swimming pool design to waste overflow shall operate under conditions
such that no less than 10 % of circulated water passes through overflow
devices or channels.

-all equipment shall be maintained in good working order: gauges, flow
meters, thermomseters, filters, pumps, disinfection equipment.

-swimming pool shall be provided with continuous disinfection when in
use.

-method of disinfection shall be chlorination.

-swimming pool shall be provided with adequate testing equipment to
measure chlorine residuals.

-measuring equipment must be capable of measuring free chlorine
residuals and combined chlorine residuals separately.

-testing equipment must provide a range of 0 to 5.0 mg of Cl/L for
swimming pool other than whirlpool, and of 0 to 10 mg of Cl/L for
whirlpool.

-free chlorine tests shall be performed as often as necessary under normal
hour of operation to permit operator to maintain the free chlorine
residual at levels permitted by this section, and in no case shall test be
performed at intervals of more than 4 h.
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Table C.1  Summary of "Swimming Pool Regulation” Under the Public
Health Act, Applicable to Public and Semi-Public Swimming
Pools. (continued)

-free chlorine residuals level shall be sufficient to maintain pool water in a
bacteriological and chemical safe corditions at all time, and in no case
shall the level be less then:

-0.5 mg C1/L in any swimming pool with an operating temperature of
not more than 30 °C, and

-1.0 mg Cl/L in any swimrning pool with an operating temperature of
more than 30 °C.

-test for combined chlorine residuals shall be conducted at least every 7
days.

-if on any test the combined chlorine residual is greater than 1.0 mg/L, the
pool shall forthwith be treated to lower it below that level.

-swimming pool shall be provided with equipment to measure pH.

-pH testing equipment shall have a range of 6.8 to 8.2.

-pH tests shall be performed as often as necessary under normal hour of
operation to permit operator to maintain the pH at levels permitted by
this section, and in no case shall test be performed at intervals of more
than 4 hrs.

-pH shall be maintained at no less than 7.2 and no more than 8.0.

-where swimming pool is equipment with automated chemical
monitoring and feeding equipment, a manual test for free chlorine
residuals and pH shall be conducted at least every 24 hrs.

-at least 1 bacteriological sample of swimming pool water shall be taken at
intervals of not more than 7 days, and shall be submitted to the Provincial
Laboratory of Public Heaith for examination.

-samples shall be collected while the swimming pool is in use and shall be
taken from a point near an outlet for no cther reasons than to give an
accurate representation of the swimming pool water.

-samples of chlorinated water shall be dechlorinated before being send to
the Provincial Laboratory of Public Health.
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TableC.1  Summary of "Swimming Pool Regulation” Under the Public
Health Act, Applicable to Public and Semi-Public Swimming
Pools. (continued)

-water quality shall be maintained so that not more than 2 consecutive
water samples and not more than 15% of the series of samples taken over
a 6 month period
_contained more than 200 bacteria/mL, as determined by standard 35°C
plate count,
-show the presence of Pseudomcnas aeruginosa, in the case of a swim-
ming pool maintained at a temperature of greater than 30°C, or
-show:
-a positive test for coliform organisms in any of the five 10 mL
portions of a sample when that test methods is used, or
-the presence of coliform organisms in 100 mL when the mem-
brane filter test is used.

-operating records showing the following informations shall be
maintained:

-quantities and dates of all chemical used;

-time and results of all pH test taken;

_time and results of all free chlorine residual test taken;

-time and results of all combined chlorine residual test taken;

-results of bacteriological analyses;

-temperature of the water, recorded at least once every 24 hrs.;

-result of any other test that may be taken from time to time.

-operating records shall be made available on request to an executive
officer.

_water in a filled swimming pool shall be sufficiently clear to enable
identification of the pattern of the drain in the deep end by a person
standing on the edge of the pool, or identification of a 150 mm black disk
on « white background position in the deepest part of the pool by a person
standing 9 m away from the disk.

_visible dirt on the bottom of a swimming pool shall not be permitted to
remain more than 24 hrs.

-when a nuisance exists in a swimming pool
-because of lack of clarity of the pool water, or
-because of the presence of unsanitary or injurious material in the pool
or on the deck,
-the owner shall direct all persons to leave the pool or any part
of the pool until the nuisance is abated.
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TableC.1  Summary of "Swimming Pool Regulation” Under the I'iblic

Health Act, Applicable to Public :nd Semi-Public Swinming

Pools. (continued)

-swimming pool shall be secured from pubiic access at other time than
operating hrs.

-number of persons permitted in whirlpool or special purpose pool, at any
one time shall not be more than

-1 person per square meter, and

-the maximum design bathing load.

-number of persons permitted in a swimming pool, other than whirlpool
or special purpose pool, at any one time shall not be more than

-1 person per 1.5 square meter, and

-the maximum design bathing load.

-maximum number of persons permitted to use recreational water slides
flumes an a water park theme shall not exceed the maximum design
bathing load as specified in the application for licence.

-notice referred to in that subsection shall be posted, without restriction to
the generality described in the above sections
-maximum number of persons permitted to use the swimming pool at
any one time
-requirement that persons using swimming pool take shower before
entering the pool area
-statement that persons with communicable disease or communicable
infection are not permitted to use the pool
-statement that spiting in, spouting water in, blowing the nose in,
urinating in or otherwise polluting the water is prohibited

-owner shall restrict admittance from swimming pool to any persons
-with reason to believe they have a communicable disease or infection
-with unclean appearance

-no person shall
-use a swimming pool if he has a communicable disease of infection
-spit, spout water in , blow his nose, urinate in or otherwise pollute the
water in the swimming pool

-soap must be available in the showers at all time
-dressing room floors, furnishing and sanitary equipment in them, as well

as pool decks and walkways shall be maintained in a clean sanitary
condition
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TableC.1  Summary ¢. 7/ snming Pool Regulation” Under the Public
Health Act, /. - .icable to Public and Semi-Public Swimming
Pools. (continued)

-use of canvas or other fibrous adsorptive matting is prohibited where
people will be walking bear feet

-furniture used in dressing rooms and pool decks shall be impervious,
durable and washable material

_food concession are prohibited unless there is a clear area reserved for
that purpose

-The Swimming Pool Regulations (Alta. Reg. 39/73) and the Clean Water
Authority Designation Regulations (Alta. Reg. 200/77) are repealed
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APPENDIX D1.1

NIOSH 4501 Formaldehyde Standardization



APPENDIXD1.1 NIOSH 4561 Formaldehyde Standardization
Formaldehyde as the formalin 37% solution was standardized by the
NIOSH 4501 method. Sulfuric acid 0.0202 N was used, it was not necessary to
use sodium hydroxide (as a base) because the initial pH was higher than the
recommended range, pH 7 to 9. The correction was perfcrmed with the
sulfuric acid solution. The concentration for the formalin solution is
obtained with the following equation taking into account the 17.9 to 1000

dilution factor and the formalin density 1.083 g/mL.

300 x [(NaxVa)- (Np«Vp)] 1000 1 —
s = Vs X 379 X 1.083 ing/kg

where: Cg = concentration of the Formalin stock solution
30.0 = 30.0 g/equivalent of Formalin
N, = normality of sulfuric acid, 0.0202 N HSO4
V, = volume (mL) of sulfuric acid use for titration
Np = normality of sodium hydroxide
Vp = volume (mL) of sodium hydroxide use for titration
V, = volume of formalin solution used in titration (2.00 mL).



Table D1.1.1 Formalin Standardization with 0.0202 N Sulfuric Acid.

Volume of Acid Added Concentration of Concentration of
Formalin Formalin
mL g/kg % wiw
23.83 372.46 37.25
23.81 372.15 37.22
23.83 372.46 37.25
23.75 371.21 37.12
23.83 372.46 37.25
23.71 370.59 37.06

Average Concentration
of Formalin

Average Concentration
of Formalin

g'kg

371.9+0.8

M

% wiw

37.19 £0.08
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APPENDIX D1.2

Aldehydes Information and Retention Times Aldehydes

The retention times (R.T.) for the aldehydes for which calibration

~urves were performed are given hereafter along with other informations

about each aldehydes. The solubility is given in units of g of aldehyde/100 g

cf water

Name: Formaldehyde

o

H N H
HCHO
F.W.: 30.03
m.p.: -92°C
b.p. -21°C
Density:  1.083 @ 37%w/w
Solubility: v sol
CAS #: [50-00-0]
R.T.: 5.58
Name: Isobutanal
0
\rlku
(CH3),CHCHO
F.W.: 72.11
m.p.: -65.9°C
b.p.: 63°C
Density: 0.794
Solubility: 11
CAS #: [78-84-2)
R.T. 9.92

Acetaldehyde Propionaldehyde
0 0
HJC)j\ H \/u\ H
CH;CHO CH,;CH,CHO
44.05 58.08
-121°C -81°C
21°C 46-50°C
0.788 0.805
oo 16
[75-07-0] [123-38-6]
7.32/7.50 9.12/9.25
Butanal 2-Methylbutanal
0 0
/\/u\ H /ﬁ)‘\ H
CH;CH,CH,CHO CH;CH,CH(CH3)CHO
72.11 86.13
-99°C
75°C 90-92°C
0.817 0.804
7
[123-72-8] [96-17-5]
10.80/10.94 11.65

-4



246

Name: Isovaleraldehyde Vale  aldehyde 2-Methylvaler-
or . >ntanal aldehyde

/l\)(j)\H ~ (ﬁ\ﬂ \/W/?l\H

(CH,3),CHCH,CHO CH,;(CH,);CHO CH;(CH,),CH(CH3)CHO
FW.: 86.13 86.13 16C.16
m.p.: -51°C -91°C
b.p.: 90°C 103°C 119-120°C
Density:  0.803 0.810 0.808
Solubility: sls sls
CAS #:  [590-86-3] [110-62-3] [123-15-9]
R.T.: 11.81 12.48/12.60 13.04
Name: Hexanal Heptanal Qctanal

(1] 0 o

(\/u\ H C)‘\ H d\ H
CH;(CH5);CHO CH;3(CH,)sCHO CH3(CH3)¢CHO

F.W.: 100.16 114.19 128.22
m.p.: -56°C 42°C
b.p. 131°C 153°C 171°C
Density: 0.834 0.650 0.821
Solubility: sl s 0.1 sls
CAS #: (66-25-1] [111-71-7) [124-13-0]

R.T.. 14.14 15.52 16.84



Name: Benzaldehyde

6]
o
CgH;CHO
FW.. 10612
m.p.: -26°C
b.p: 178-179°C

Density: 0.1.044
Solubility: 0.3

CAS #: [100-52-7]
R.T. 17.12

Phenylacetaldehyde
H
SR
C¢HsCH,CHO
120.15

195°C
1.027

17.72/17.84

Nonanal

0

(/\)\i“

CH,(CH,),CHO
142.24

185°C
0.827

[124-19-6]
18.07
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Figure D1.3.2  Acetaldehyde Calibration Curve-July 15, 1990.
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Table D1.4.8 Aldehydes Analysis for Pool II on December, 1990. Study of Pool
Profiles Combined with Time Profiles.

Concentration in pg/L
Sample
Identification Time 0 Time1
Formaldehyde Acetaldehyde Formaldehyde Acetaldehyde
al,2&3 322. +42, 123. 1. 203. 2. 156. + 1.
B1,2&3 84.+1 119.8 £ 0.4 46.8+0.8 121.8+0.6
B4,5&6 63. £2. 117.5+0.1 81.5+0.2 122.1+0.3
B7,8&9 62.7+0.7 118.88 + 0.05 845+0.3 122.09 £ 0.04
f10,11 & 12 72.7+0.1 117.2+£05 71.+1. 120.0+0.4
p13,14 & 15 75.£1. 119. %+ 1. 63.0+03 123.6 £0.6
B16,17 & 18 45.+ 1. 116.4 0.1 78.%1 125.4 +0.8
{
x,2&3 360.0£0.7 127.8+0.3 358.+£3 127.9+0.2
51,2&3 270. + 2. 123.3+0.2 315. + 3. 125.0+06.3
Comments: Calibration curve from July 15, 1990
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APPENDIX D2.1

Standardization of FAS for DPD Method



APPENDIX D2.1 Standardization of FAS for DPD Method

Normally ferrous ammonium sulfate {(FAS) is standardized using
Method 4500-C1 F of Standard Methods for the Examination of Water and
Wastewater. This method requires the use of barium diphenylamine
sulfonate as indicator, this latter chemical was not available and seemed
difficult to obtained in any chemical catalogue. Since it was not readily
available, FAS had to be standardized against a known volume of a
standardized chlorine solution. Standardization of the F:." titrant was
performed by combining Method 4500-Cl B. sections 2, 3 and 4 and, Method
4500-Cl C., section 3. The following detailed procedures were combined to
obtain the standardized chlorine solution.

In order to standardize a chlerine solution, one must used a reducing
solution (sodium thiosulfate), which was standardized against a primary
soiution of an oxidant agent (potassium dichromate).

The oxidant solution in our experiment was the primary standard
potassium dichromate (KoCr>O7) at a concentration of 0.1000 N. This solution
was used to standardized a 0.1 N sodium thiosulfate solution (NaS,03),
which is diluted to 0.01 N Na3S,03. This 0.01 N NaS>03 solution was used to
standardized the chlorine solution prepared from sodium hypochlorite
(NaOCl), which was used to standardized the FAS solutions used in the DPD
method.

To standardization the chlorine solution, two step. are required. In
the first step, the titration of the chlorine solution is performed with 0.01 N
Na35703. The second step is the titration of the water used to prepare the
chlorine solution (Blank titration). When performing the blank titration,
two situation can occur: 1) a blue colour develops upon addition of the starch

indicator to the blank sample or 2) no blue colour develops upon addition of

e dnda}
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the starch indicator to the blank sample. If case No. 1 deveiops, a simple
titration applies and the blank correction is negative. If No. 2 develops, than
a back titration with a pre-standardized solution of 0.0232 N iodine is uses to
make the blue coloration appear and than 0.01 N Na;520)3 is used to titrate
the blue tint out. The difference between the two readings is added as a
positive correction to the titration of the chlorine soiution. The equation that
applies is given by:

(A + B) x N x 35450
mL sample

Equation D2.1 mgClasCly/L =

where: A = mL of titrant added for the chlorine sample,
B = correction from the back titration of blank,
N = Normality of Na35;03 diluted solution.

-Primary Standard: Potassium Dichromate

K2Cr207: F.W.: 294.19 g/mole
eq.wt.:40.03 g/eq
weight: 4.9126 g

Normality: 0.1002 N

66 + W4H' + CrO; -  2C* +  7HO

-Sodium Thiosulfate 0.1 N

Najz5203: F.W.: 248.18 g/mole (penta hydrated form)
eq.wt.: 124.09 g/eq

$07 + HO - S0, + 2H' + 2



Standardization procedure follows method 4500-C1 B. Nermality of
the solution is given by:

No x Vo = Nr x Vr

No x Vo
Nr=Tr

where: No = Normality of the oxidant, 0.1002 N K2Cr20O7
Vo = Volume of oxidant use for the titration, 10.00 mL
Vr = Volume of reducing agent use (titrant added)

Table D2.1 Standardization of 0.1 N Na;5,03 with 0.1002 N K»Cr;07.

Volume of NayS,03
Titrant Normality
mL N
10.02 0.1000
10.09 0.0993
10.04 0.0998
Average Standard
Normality Deviation
N N
I — ——
0.0997 0.0004

-Sodium Thiosulfate 0.01N:
10 fold dilution: 0.00997 + 0.00004 N

4
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-Chlorine Solution Standardization:

0.1 N Iodine (Standardized with 0.0997 N NayS;03) following method

4500-Cl1 B.
L + 2é - 21-
No x Vo = Nr x Vr
Nr x Vr
No ="vo
where: Nr = Normality of reducing agent, 0.0997 N Na5,03
Vr = Volume of reducing agent (titrant added)
Vo = Volume of oxidant use for the titration, 10.00 mL

Table D2.2 Standardization of 0.1 N lodine with 0.0997 N Nay5,03.

Volume 0.1 N Iodine
of Titrant Normality
mL N
10.17 0.1014
10.15 0.1012
10.13 0.1010
Average Standard
Normality Deviation
N N
o .-
0.1012 0.0002




0.0282 N Iodine (Standardized with 0.0997 N Na3S;03) 25.00 mL were
used following method 4500-C1 B.

No x Vo = Nr x Vr

3 Nr x Vr

No Vo

where: Nr = Normality of reducing agent, 0.0997 N NasS;03
Vr = Volume of reducing agent (titrant added)
Vo = Volume of oxidant use for the titration, 25.00 mL

Table D2.3 Standardization of 0.0282 N Iodine with 0.0997 N Na5,03.

0.02971

Volume 0.0282 N Iodine
of Titrant Normality
mL N
o
747 0.02979
7.44 0.02967
7.44 0.02967
Average Standard
Normality Deviation
N N

— e — " |

0.00007




Chlorine solution and Blank titration, calculation following equation

D2.1

Table D2.4 Chlorine Standardization with Blank Correction Included.

Chlorine Blank
Volume Volume of Volume of Positive
of Titrant 0.0100 N Na>S,03| 0.0282 N Iodine Correction
mL mL mL mL
9.06 0.28 0.07 0.21
9.29 0.31 0.17 0.14
N 9.15 0.31 0.13 0.18
Average Volume | Average Positive Average Average
(Chlorine) Correction Concentration Concentration
mL mL mg of Cl as Clo/L. mN
9.17 0.18 6.6093 0.1864

-FAS Standardization
Standardization of FAS is performed following method 4500-Cl B,

section 3.
2 Fe?*t - 2 Fe3* + 26

26 + 20Cr + 4H" - C, + 2H,0



No x Vo = Nr x Vr

_ No x Vo

Nr Vr

where: No = Normality of oxidant, 0.1864 mN NaOCl
Vo = Volume of oxidant, use 100.00 mL
Vr = Volume of reducing agent (titrant), FAS

Table D2.5 Standardization of FAS from August 2, 1999.

Volume Concentration Concentration
of Titrant of FAS of FAS

mL N mg of Cl as CI2/L
o e — ———

6.43 0.0028995 102.79

6.41 0.0029086 103.11

6.44 0.0028950 102.63

Average Average
Concentration Concentration

N mg of Cl as CI2/L
| e — ——

0.002901 £ 0.000007 102.84 £ 0.24
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Table D2.6 Standardization of FAS from October 4, 1990.

Volume Concentration Concentration
of Titrant of FAS of FAS

mL N mg of Cl as CI2/L

6.55 0.0028464 10090

6.53 0.0028551 101.21

6.57 0.0028377 100.60

Average Average
Concentration Concentration
N mg of Cl as C12/L
0.002846 + 0.000009 100.90 + 0.31
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Table D2.7 Standardization of FAS from December 6, 1990.

Volume Concentration Concentration
of Titrant of FAS of FAS

mL N mg of Cl as CI2/L

6.48 0.0028771 101.99

6.52 0.0028595 101.37

6.46 0.0028861 102.31

Average Average
Concentration Concentration
N mg of Cl as CI2/L
0.00287 + 0.00001 101.89+ 0.48
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Table D2.8 Standardization of FAS from December 13, 1990.

Volume Concentration Concentration
of Titrant of FAS of FAS

mL N mg of Cl as C12/L

6.32 0.0029500 104.58

6.35 0.0029360 104.08

6.31 0.0029547 104.74

Average Average
Concentration Concentration

N m§ of Cl as CI2/L

0.00295 + 0.00001

104.47 £ 0.34
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Chlorine Speciation Results



Table D2.2.1 Summary of Chlorine Speciation Results During the Summer

Sampling at Pool I. Study of Pool Profiles.

Average Concentration in mg of CI2 as Cl/L
Sample Chlorine
Identification Speciation July 26 July 30 August1 August 6
1990 1990 1990 1990
Al Free Chlorine 1.95 £ 0.05 1.57 £0.09 2.034£0.04
Mono-Chloramine 0.15£0.02 0.16 £0.05 0.1510.11
Di-chloramine 020 £0.17 0.25+£0.00 0.31+0.11
Nitrogen Trichloride 1.28 £0.12 1.10£0.07 0.92£0.04
Combined Chlorine 1.63 £0.21 1.51+0.09 1.38£0.16
Total Residual 358 +021 3.08 £0.12 3.41+0.17
A2 Free Chlorine 2.15+£0.08 213 +0.16 1.86 £0.06 2.15+0.02
Mono-Chloramine 0.21+£0.05 0.16 £0.04 0.10£0.09 0.11+0.05
Di-chloramine 0.57+0.16 021 £023 0.19£0.13 0.35+0.06
Nitroge» Trichloride 0.77 £ 0.06 1.09£0.15 1.18£0.24 0.90 £ 0.06
Combined Chlorine 1.55+0.18 1.46 +0.28 1.47 £0.29 1.36 £0.10
Total Residual 3.70£0.20 3.59 +0.32 3331029 351+0.10
A3 Free Chlorine 223 £0.06 1.86 £0.09 217+0.11
Mono-Chloramine 0.33 £0.08 0.09 £0.09 0.10£0.15
Di-chloramine 0.57 £0.067 0.39+0.02 0.43x0.07
Nitrogen Trichloride 0.92 £0.01 0.73+£0.24 0.59+0.19
Combined Chlorine 1.82 £0.11 12112026 1.12£0.25
Total Residual 4,05 %0.12 3.07 £0.27 3.29+0.27
B1 Free Chlorine 2.81 £0.04 2.34+0.02 1.94+£0.09
Mono-Chloramine 0.00 £0.00 0.05 £0.04 0.00 £ 0.00
Di-chloramine 0.14 £0.12 0.37+£0.14 0.40 £0.03
Nitrogen Trichloride 0.47 £ 0.05 0.41+0.03 0.09+0.22
Combined Chlorine 0.61 £0.15 0.83+£0.15 0.49+0.22
Total Residual 3.42+0.16 3.17x0.15 2431024
B2 Free Chlorine 1.93+049 292 +0.03 2.3310.01 1.89+0.04
Mono-Chloramine 0.00 £0.00 0.11 £0.12 0.12+0.04 0.00+0.00
Di-chloramine 0.01+£098 0.30 £0.00 0.31£0.10 0.21+0.01
Nitrogen Trichloride 1.59 £ 091 0.50 £0.07 0.35%0.11 0.51+£0.17
Combined Chlorine 1.60+1.34 091 £0.14 0.78 £0.15 0.72+£0.17
Total Residual 3.53+142 383+0.14 3.11x0.15 2611017
B3 Free Chlorine 3.03+020 2412005 1.92 £0.02
Muno-Chloraminc 0.05 £0.07 0.00 £0.00 0.00+£0.00
Di-chloramine 0.25 +NA 0.26 £0.06 0.24+£0.09
Nitrogen Trichloride 0.04 £NA 0.48 £0.01 0.29+£0.00
Combined Chlorine 034 +NA 0.74 £0.06 0.5310.09
Total Residual 337 +NA 3.1520.08 2.45+0.09
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Table D2.2 . (Continued) Summary of Chlorine Speciation Results During

the Summer Sampling at Pool I. Study of Poel Profiles.

Average Concentration in mg of Cl2 as CI/L
Sample Chlorine
Identification Speciation July 26 July 30 August 1 August b
1990 1990 1990 1990
1 Free Chlorine 0.87 £ 0.06 1471 0.19 1.49 1 0.05
Mono-Chloramine 0321004 023+0.20 0.35 £ 0.04
Di<hloramine 0.00 £0.09 0331043 053+0.13
Nitrogen Trichloride 3421010 214+ 0.63 214 £023
Combined Chlorine 3.74£0.14 270+0.79 3.02 £0.27
Total Residual 451+£0.15 417 £ 0.81 4511027
(@] Free Chlorine 197+0.14 1.12+011 1.46 £ 0.08 1.54 £ 0.12
Mono-Chloramine 0.42+0.11 0.20 + 0.08 0.31£0.05 0.26 £0.03
Di-chloramine 0.67£0.24 0.97 £0.56 0.94 £ 0.53 0.44 +0.13
Nitrogen Trichloride 2.0310.62 1.58 £0.08 1191 0.60 206 £0.44
Combined Chlorine 3.12+0.67 2.75 £ 057 2.44 £ 0.80 2.76 +0.46
Total Residual 5.09£0.69 3.87 £ 0.58 3.90 £ 0.81 4.30+0.48
a3 Free Chlorine 0.98 £ 0.06 1.39+0.08 1.60 £0.06
Mono-Chloramine 025 +0.11 0.33 £0.07 0.33+0.07
Di-chloramine 0.66 £ 0.05 0.81+0.09 0.53 +0.09
Nitrogen Trichloride 1.69 £0.26 1.08 £0.10 2.05£0.33
Combined Chlorine 260 +£0.29 222 +0.15 2911035
Total Residual 3.58 £+ 0.29 3.6110.17 4511035
D1 Free Chlorine 0.74 £0.05 1.10£0.05 1.34 £0.01
Mono-Chloramine 0.39 £ 0.04 0.331+0.06 0.34 £0.06
Di-chloramine 0.52 £+ NA 0.44£0.16 0.62 £0.17
Nitrogen Trichloride 1.97 £0.64 1.61 £0.30 1.98 +0.36
Combined Chlorine 288 +NA 2.38+£0.35 2.94 £0.40
Total Residual 3.62 £tNA 3.481£0.35 4.28 +0.40
D2 Free Chlorine 1.80+£0.17 099 £0.12 1.24 £0.03 1.43+0.18
Mono-Chloramine 0.291+0.26 052 +0.16 0.3510.06 0.27 £0.15
Di-chloramine 0.55+0.03 0.69 £0.27 0.60 + 0.04 0.51 £0.41
Nitrogen Trichloride 227+0.13 172 £0.74 1.9310.14 1.94 £ 1.06
Combined Chlorine 3112029 293 £0.80 2.88+0.16 272+ 1.15
Total Residual 491+034 3.92 £0.81 4.12+0.16 4.15¢1.16
D3 Free Chlorine 0.80 £0.18 1.30 £0.08 2.05£0.55
Mono-Chloramine 032 +£0.13 0.2510.06 0341014
Di-chloramine 037 £0.01 0.58+0.01 0711019
Nitrogen Trichloride 249 £0.12 1.59 £0.13 0.76 +0.84
Combined Chlorine 3.18 £0.18 2.42+0.14 1.81+0.87
Total Residual 3.98 £0.25 3721016 38611.03




Table D2.2.1

(Continued) Summary of Chlorine Speciation Results During

the Summer Sampling at Pool I. Study of Pool Profiles.

Average Concentration in mg of C12 as CI/L

Sample Chlorine

Identification Speciation July 26 July 30 August 1 August 6

1990 1990 1990 1990
El Free Chlorine 0.95+0.19 0.80 £ 0.06 0.99 £0.05
Mono-Chloramine 0.28 £0.06 0.34£0.04 0.54 £0.03
Di-chloramine 0.51+0.12 0.88+£0.38 1.33+£0.27
Nitrogen Trichloride 1.89 £0.32 283+0.73 5.03 +£0.19
Combined Chlorine 2.68+0.35 4.05+0.82 6.90+0.33
Total Residual 3.63+0.40 4851083 7891034
E2 Free Chlorine 0.93+0.05 1.24£0.26 0.89 +0.04 0.47 £0.08
Mono-Chloramine 0.76 £0.06 0.15+£0.14 0.36£0.38 0.45 £ 0.06
Di-chloramine 1.4210.09 0.88 +0.39 0.94 +0.21 2171013
Nitrogen Trichloride 6.49+0.99 1.13+£0.81 2.32+0.60 3.90+£033
Combined Chlorine 8.67 £1.00 2.16 £0.91 3.62+0.74 6.5210.36
Total Residual 9.60 +1.00 3.40 £0.95 4.51+0.74 6.99 £0.37
E3 Free Chlorine 0.75+0.24 0.83+0.03 0.41 £0.06
Mono-Chloramine 0.25+0.05 0.38 £0.07 0.44 £0.03
Di-chloramine 0.57 £0.06 0.66 £ 0.14 2.1210.12
Nitrogen Trichloride 1.55+£0.07 2.90 +0.06 3.60 £0.00
Combined Chlorine 2.37+0. 0 3.94+£0.17 6.16 £0.12
Total Residual 31200 4.77 £0.17 6.57 £0.14
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Table D2.2.3 Summary of Chlorine Speciation Results During the Summer
and Fall Sampling at Pool iI. Study of Pool Profiles and Time

Profiles.
Average Conceniration
Sample Chlorine inmg C12 as CUL
Identification Speciation July 7 1990 December 12 1990
(afternoon) TO T1

al,2&3 Free Chlorine 1.01 £0.06 0.74 £0.08 1.18 £0.04
Mono-Chloramine 0.59 £0.11 0.40£0.12 0.25+£0.02
(02) Di-chloramine 1.03 £ 0.06 037 £0.04 0.40 +0.04
Nitrogen Trichloride 2.87£0.01 241014 2.19+0.08
Combined Chlorine 449+0.13 3.18+0.19 284 £0.09
Total Residual 550+0.14 3.92+0.20 402+0.10
BL2&3 Free Chlorine 1.35+0.02 1.57 £ 0.01 1.62 £0.05
Mono-Chloramine 038+£0.01 0.31 £0.02 0.31 £0.07
(B2) Di-chloramine 1.21+£032 0.44+0.19 0.41+0.23
Nitrogen Trichloride 239+£041 225+0.21 2.12+0.28
Combined Chlorine 3.98+0.52 3.00+0.28 284+037
Total Residual 5.33+£0.52 4.57 £0.28 4.46 £0.37
pa.5&6 Free Chlorine 1.44+£0.38 1.53£0.08 137 £0.13
Mono-Chloramine 041+0.25 0.37 £0.09 0.24 +0.04
BS) Di-chloramine 1.39+0.24 0.40+0.12 032+0.18
Nitrogen Trichloride 1.88 +1.82 227 £0.17 230+£220
Combined Chlorine 3.68+1.85 3.04+023 286 £2.21
Total Residual 512+1.89 4.57 £0.24 423+221
p1.8&9 Free Chlorine 1.65 £ 0.08 2.13+0.08
Mono-Chloramine 0.24+0.12 0.1310.05
Di-chloramine 036+0.13 0.62 +0.11
Nitrogen Trichloride 211+027 1.89 021
Combined Chlorine 2.71£0.32 264 £0.24
Total Residual 436 +033 477 £0.26
p10,11 & 12 Free Chlorine 1.18£0.11 1.84£0.10 2.01 £0.05
Mono-Chloramine 058 +0.15 0.35+0.10 0.35+0.12
B11) Di-chloramine 1.35+0.24 0.41£0.15 0.48 £0.13
Nitrogen Trichloride 2261054 2214022 233+£0.03
Combined Chlorine 4.19+0.70 297 +£0.28 3.16+£0.18
Total Residual 537+0.71 4.81+£030 517 £0.19
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Table D2.2.3 (Continued) Summary of Chlorine Speciation Results During
the Summer and Fall Sampling at Pool II. Study of Pool Profiles
and Time Profiles.

Average Concentration
Sample Chlorine in mg Cl12 as CVL
Identification Speciation July 7 1990 December 12 1990
afternoon) TO T

B13,14& 15 Free Chlorine 1.99 £0.23 1.88 £ 0.03
Mono-Chloramine 0.20+0.18 033005

Di-chloramine 0.47 £0.14 0.24 £ 0.11

Nitrogen Trichloride 212+0.42 2511018

Combined Chlorine 2.79 £0.48 3084022

Total Residual 4.78 £0.53 496 £ 0.22

B16,17 & 18 Free Chlorine 1.15+0.16 1.63+0.19 217 £0.02
Mono-Chloramine 0.50 £ 0.04 0201019 0.34 £ 0.06

PB17) Di-chloramine 0.88 £0.20 0.56 £0.07 0.29+0.15
Nitrogen Trichloride 260%0.13 1.95+0.40 2381015

Combined Chlorine 398 £0.24 2.714£045 301 £0.22

Total Residual 5.13+029 434 +049 5.18 £0.22

x1,2&3 Free Chlorine 0.07 £0.12 0.22 £0.02 0.13£0.01
Mono-Chloramine 0.50+0.17 0.40 £0.07 0.39 £0.05
®2) Di-chloramine 2691070 0.60 £0.09 0.73+0.08
Nitrogen Trichloride 4.15+1.66 3.71£0.25 4.02+013
Combined Chlorine 734 £181 4.71+0.27 5.14+£0.16

Total Residual 741 £1.81 493+0.28 5.27 £0.16

51,2&3 Free Chlorine 0.00 +£0.00 1.49 £0.04 0.15 £0.02
Mono-Chloramine 043 £0.05 0.28 +0.06 0.42 £0.11

82) Di-chloramine 1.89 £0.13 0.22+0.12 0.55 £ 0.11
Nitrogen Trichloride 4.07 £047 242 +0.06 3.66 £0.10

Combined Chlorine 6.39 £0.49 292+0.15 463+018

Total Residual 639 £0.49 4.41+0.15 4.78 £0.19
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Table D2.2.4 Summary of Chlorine Speciation Results During the Summer
and Fall Sampling at Pool III. Study of Pool Profiles and Time

Profiles.
Average Concentration in mg of C12 as Cl/L
Sample Chlorine
Identification Speciation July 5 December 5 1990
(Aftemmoon) TO T1 T2

X1 Free Chlorine 242+0.03 2.30+0.01 219007
Mono-Chloramine 0.13+0.02 0.06 £ 0.08 0.02 £0.04
Di-chloramine 0.01 £0.10 091 +NA 025041
Nitrogen Trichloride 1.76 £0.07 0.08+NA 141 +£035
Combined Chlorine 1.90+0.12 1.05tNA 1.68 £0.54
Total Residual 432+£0.13 335+t NA 3.87 £0.55
x2 Free Chlorine 1.79+0.24 2.50+£0.44 2.17 £0.06 223+0.08
Mono-Chloramine 0.08+£0.13 0.13+0.02 0.14+0.05 0.04 £0.06
Di-chloramine 0.42+£030 0.00£0.13 0.38+0.10 035+ 0.05
Nitrogen Trichloride 1214 1.02 1.21+£1.05 1.39+0.03 1.22+0.14
Combined Chlorine 1.71+£1.07 134+ 1.06 1.91+0.12 1.61 £0.16
Total Residual 3.50+1.10 384+1.15 408+0.13 384 +0.18
x3 Free Chlorine 243 +£0.04 2.09+0.05 1.83+0.13
Mono-Chloramine 0.06 £0.50 0.10+£0.09 0.08 £0.07
Di-chloramine - 0281050 0.25+0.11 031 +£0.11
Nitrogen Trichloride 1.02+1.07 1.36+£0.25 1.43+£0.20
Combined Chlorine 1.36+1.28 1.71£0.29 1.82+024
Total Residual 379+1.28 3.80+£0.29 365027
X4 Free Chlorine 227 +£0.05 2.16+£0.07 214 £0.02
Mono-Chloramine 0.11£0.05 0.16£0.03 0.12+£0.02
Di-chloramine 0.04 £0.04 0.32+0.10 0.28 +£0.15
Nitrogen Trichloride 1.61+£023 1.43+0.29 145012
Combined Chlorine 176 £0.24 1.91£0.31 1.85+0.19
Total Residual 4031024 4.07+£0.32 399 +£0.19
X5 Free Chlorine 2.22+0.04 224+0.12 1.95+0.13
Mono-Chloramine 0.13£0.05 0.00 £ 0.00 0.05 £0.08
Di-chloramine 0.14£0.28 0.39+0.09 0.13+0.23
Nitrogen Trichloride 1.5540.52 1.06+0.12 1.65£0.03
Combined Chlorine 1.82+£059 1.45%0.15 1.83 £0.25
Total Residual 4.04£0.59 3.69+0.19 3.78+0.28

293



204
Table D2.2.4 (Continued) Summary of Chlorine Speciation Results During
the Summer and Fall Sampling at Pool III. Study of Pool Profiles
and Time Profiles.

Average Concentratior in mg of C12 as CI/L
Sample Chlorine
Identification Speciation July 5 December 5 1990
(Afternoon) TO T1 T2
Y1 Free Chlorine 236 £0.10 2291003 2.15£0.02
Mono-Chloramine 0.10 +0.08 0.00£0.00 0.11 001
Di-chloramine 0.30+0.04 042+0.14 0.66 +0.48
Nitrogen Trichloride 133 %042 1.06 £0.46 1.05+0.30
Combined Chlorine 1731043 1.48 1 0.48 1821057
Total Residual 4.09 +0.44 3.77+0.48 397 £0.57
Y2 Free Chlorine 1.87 £0.05 230 +£0.0z 232+0.04 2224007
Mono-Chloramine 0.25£0.25 413 +0.01 0.07+0.06 0.11+013
Di-chloramine 0.63+0.13 0.16 +£0.03 0.29+0.11 027 £0.14
Nitrogen Trichloride 0.64£0.17 153 £0.09 1.27£0.04 134 £035
Combined Chiorine 1.52+0.33 1.82+0.10 1.6310.13 1.72 £ 0.40
Total Residual 339::033 412 +0.10 395+0.14 394 £0.40
Y3 Free Chlorine 232+0.07 235+0.15 1.98 £0.05
Mono-Chloramine 0111012 0.08 £0.07 0.07 £ 0.07
Di-chloramine 042 +0.14 042+0.13 0.19+£0.17
Nitrogen Trichloride 1.34+£023 1.05+0.68 1.53 £ 0.00
Combined Chlorine 1.87 £0.29 1.55+0.70 1.79+£0.18
Total Residual 4,19 +030 3.90+7.10 377 £0.19
Yt Free Chlorine 242+020 1.94£0.12 1.94 £ 0.09
Mono-Chloramine 0.10 £0.09 0.06+0.10 0.0 £ 0.08
Di-chloramine 024 £0.09 0.41+0.12 0.21£0.15
Nitrogen Trichloride 1.26 £0.06 1.16+£0.17 1.43+0.03
Combined Chlorine 1.60+0.14 1.634+0.23 1.68 £0.17
Total Residual 402 +0.24 357+0.26 3.62+0.19
Y5 Free Chlorine 232+011 231+0.06 221 £0.07
Mono-Chloramine 017 £0.15 0.00 £0.00 0.02 £0.04
Di-chloramine 020 £0.20 0.53+0.09 0.06 £0.14
Nitrogen Trichloride 143 £0.00 0.93+0.01 1.78 £ 0.42
Combined Chlorine 180 £0.25 1.46£0.09 1.86 £ 0.44
Total Residual 412027 3.77:0.11 4.07 £ 045
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Table D2.2.4 (Continued) Summary of Chlorine Speciation Results During
the Summer and Fall Sampling at Pool IIl. Study of Pool Profiles

and Time Profiles.

Average Concentration in mg of Cl2 as CVL
Sample Chlorine
Identification Speciation July 5 December 5 1990
(Aftemoon) TO T1 T2
Z1 Free Chlorine 2.11+030 231%0.06 2481043
Mono-Chloramine 0.01£0.01 0.08 £0.07 0.04 £0.06
Di-chloramine 0361037 0.15+0.20 0.30£0.01
Nitrogen Trichloride 1.01+0.76 1.42+0.39 1.27%0.16
Combined Chlorine 1.38+0.85 1.65+0.44 16107
Total Residual 3.49+0.50 3.96+0.45 4.09 £0.46
2 Free Chlorine 220+£0.08 237 +£0.05 2.12+0.03
Mono-Chloramine 0.07 £0.07 0.63£0.05 0.15+0.04
Di-chloramine 0.12+£0.02 031£0.24 0.28 +£0.04
Nitrogen Trichloride 1.42+0.01 134+0.03 1.69 +0.14
Combined Chlorine 1.61+0.07 1.68+0.25 2121015
Total Residual 3.81+0.11 4.05+0.25 424 £0.15
3 Free Chlorine 1.86 +0.05 210+0.11 2.31+£0.02 211+0.04
Mono-Chloramine 0.12+0.11 0.09 +£0.04 0.14:0.02 0.13+0.01
(Z3:4) Di-chloramine 044 £0.10 0311043 039+0.14 0.25+0.01
Nitrogen Trichloride 0.68 £0.06 1.28+0.52 140+0.13 151+£0.12
Combined Chlorine 124+0.16 1.68 £0.68 1.93£0.19 1.89+£0.12
Total Residual 3.10+£0.17 378+0.68 424+0.19 4.00+0.13
Z4 Free Chlorine 2234011 2.37£0.07 224 +00.
Mono-Chloramine 0.12+0.11 0.02+0.04 0.03 £0.06
Di-chloramine 0324014 0.41+0.16 0.14 £0.05
Combined Chlorine 1.16 £0.46 1.26£0.14 142 £0.04
Total Residual 1.60 £ 049 1.69£0.22 1.59 £0.09
383+051 4.06£0.23 3.83+0.10
z5 Free Chlorine 1.89+0.11 2151011 2.16 £0.05 217 %0.15
Mono-Chloramine 0.16£0.15 0.18 £0.04 0.09+0.08 0.04 £0.08
(Z1:5) Di-chloramine 0.56 +0.02 0331017 0.46 £0.19 0.46 £0.01
Nitrogen Trichloride 0.62+0.03 1.39 +£0.43 1.42£0.25 0.98 £0.09
Combined Chlorine 1.34+0.15 1.90 +£0.46 1.97+£0.32 148 £0.12
Total Residual 323+019 4,05+048 4,13+0.33 3.65+0.19
TAP WATER Free Chlorine 234 +£0.02
Mono-Chloramine 0.00 £0.00
(Afternoon) Di-chloramine 0.38 £0.06
Nitrogen Trichloride 121 £0.10
Combined Chlorine 159 £0.12
Total Residual 39310.12
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Instrument Operating Parameters



APPENDIXD3.1 Instrument Operating Parameters

Tables D.3.1 and D.3.2 list instrument operating parameters used for
the trihalomethane analyses. Slight modification of the parameters had to be
used following replacement of the "6 ports valve" and of the Tenax packing
in the LSC-2 part of the Tekmar instrument and cleanout of the flame
ionization tip on the GC Varian 3300. Mechanical failure of the "6 port
valve" created some problem from the middle of August 1990 to the middle
of December of the same year. Multiple attempt in reestablishing a stable
baseline response were conducted, several run of different standard
concentration were ran, flame ionization tip was cleaned, system was checked
for leaks and Tenax packing was replaced. Finally, clean-out run and bake out
at each tube had to be lengthened up to 30 minutes from 16 minutes in order
to obtain a stable baseline. Calibration curve were repeated in January of 1991
and quality control concentration was increased to 40 ppb from 20 ppb before
all the modification. The latter increase was to eliminate possible baseline
artefacts, the concentration chosen was also closer to the general
concentration obtained with most samples. Previous calibration curves had
been ran in July of 1990 and March 1989, response factor and retention time

remained comparable.
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Table D3.1 Instrument Operating Parai~~iers for EPA (1984) Method 501.1

Purge and Trap Sampler: " ckmar LSC-2 concentrator interfaced
with ALS autosampler.

ALS autosampler

Purge Time: 11 min.

Desorb Time: 4 min.

Bake Time: 16 min. (until modification, afiet modification 30 min.)
Transfer Lirers (T°C): 140°C

Purge Gas Flcw Rate, Nitrogen: 40 mL/:min.

Desorb Ready & Desorb Preheat Toggl:: @ Hold

Bake Toggie ¢ Auto

Thermocouy: « Toggles @ Interfaced (ON)

Trap Materizi: Terax TA (60/80 mesh)

LSC-2 Interface Set Points

Purge Volume: 5 mL of sample (or standard)
SP1 (Trap): 30°C

SP2 (Column T°C at Start of GC run): 61°C
SP3 (Trap Preheat): 100°C

SP4 (Desorb Time): 180°C

SP5 (Trap Bake T°C): 225°C

Gas Chromatograph:  Varian Model 3300

Packed Column: 1% SP1000 on Carbopack B (60/80 mesh), 3 m x 0.25
cm.

GC Temperatures: Injection Port: 150°C
Column: Hold at 60°C for 0.5 min.;
Increase at 6°C/min.;
Hold at 210°C for 5 min.
Detector: 300°C

Carrier Gas: Nitrogen: 30 mL/min.
3 mL/min. to injector
27 mL/min. directly to column

Detector: Flame Ionization
Hydrogen flow: 30 mL/min.
Air flow: 240 mL.min.

Integrator: Spectra-Physics model SP-4290
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Table D3.2 Clean-Out Procedure

Purge and Trap Sampler: Tekmar LSC-2 concentrator interfaced
with ALS autosampler.

ALS autosampler: All parameters are the same as for run except:

Purge Time: 10 min.

Desorb Time: 00 min.

Bake time: 16 min. (until modification, after modification 30 min.)
Desorb Ready & Desorb Preheat Toggle @ Auto

Bake Toggle @ Reset*

Thermocouple Toggles @ Disconnected (OFF)

LSC-2 Interface Set Points: All parameters are the same as for run
except:

Purge Volume: 5 mL of organic free water
SP-1 (Trap): 98°C

Gas Chromatograph: All parameters are the same as for run except:

GC Temperatures: Injection Port: 172°C
Column: Hold at 210°C for 0.5 min.;
Increase at 6°C/min.;
Hold at 211°C for 5 min.
Detector: 350°C

*After the #10 has finished, switch bake toggle to Auto, step LSC
through to bake, and bake out Tenax column for 16 min. (16 min. was
used until modification than 30 min. had to be used to ensure proper
bake out of the Tenax).
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Figure D3.2.1  Chloroform Calibration Curve-July 22, 1990.
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Figure D3.2.2  Bromodichloromethane Calibration Curve-July 22, 1990.
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Figure D3.2.3  Dibromochloromethane Calibration Curve-July 22, 1990.
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Figure D3.24 Bromoform Calibration Curve-July 22, 1990.
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Figure D3.2.5 Chloroform Calibration Curve-January 15, 1991.
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Figure D3.3.1

Chloroform Quality Control Chart, July and August, 1990.
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Figure D3.3.3 Dibromochloromethane Quality Control Chart, July and
August, 1990.
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Figure D3.3.4 Bromoform Quality Control Chart, July and August, 1990.
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Trihalomethane Analysis Results
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Table D3.4.3 Summary of Trihalomethane Results During the Summer and
Fall Sampling at Pool II. Study of Pool Profiles and Time

Profiles.
Trihalomethane Concentration in pg/L
Sample
Identification {(Afternoon Samplins julz 7, 1990) Time Profile on December 12, 1990
CHCI3 CHCi2Br CHCIBr2 CHBr3 CHCI3 CHCI2Bz CHCIBr2 CHBr3

TOal,2 &3 (a2) 5280t NA 341t NA 66.14 £t NA 0.00+tNA | 45584513 | 0.00:0.00 0.00£0.00 0.00£0.00
Tlal,223 28354260 | 3.25:0.16 0.00 £ 0.00 0.00 & 0.00

TOPL, 2 &3(B2) 6415:030 | 6261050 | 64.84£1033{ 0.00+000 | 51.98£10.05| 0.00+0.00 0.0010.00 0.00 £ 0.00
TIpl,2&3 40051264 | 0.0010.00 0.00 £ 0.00 0.00 £ 0.00

TO B4, 5& 6 (PS) 5710£1.12 | 5361005 | 61811991 | 000+000 ] 543941052} 0.00+0.00 0.00 1 0.00 0.001 J.00

TIM,5&6 35864297 | 0.00£0.00 0.00 £ 0.00 0.00 £ 0.00
TOPp7. 849 524141047 ] 2004282 0.00 1 0.00 0.00 £ 0.00
TI1p7,8&9 3293+196 | 0.0010.00 0.00 £ 0.00 0.00 £ 0.00

TOPIO, 11 & 12(B11)| 61204011 | 571:008 | 66374822 | 000+0.00 | 48132771 | 1491211 0.00£0.00 0.00£0.00

T1B10, 11 & 12 35514073 | 2001282 0.00 £ 0.00 0.00 0.00
TOP13, 14 & 1S 53234480 | 4861123 0.00 1 0.00 0.00£0.00
T1p13, 14& 15 33251241 | 3611089 0.00 £ 0.00 0.00 1 0.00

TOPIG 17 & 18(B17)| 55422111 | 567+036 | 495421616 | 0.00£0.00 | 42421566 | 4.024£1.46 0.00 £ 0.00 0.00£0.00
T1B16, 17 & 18 28704288 | 1931272 0.001 0.00 0.00 £ 0.00

Toyl.2&3(x2) [27841411.14| 7624023 |1168311292{ 0.00:000 |15084+1636] 6.12% 055 0.0010.00 0.00 £ 0.00
T1x1,2&3 13124 £158 | 6.1318.66 0.00 £0.00 0.00 £+ 0.00

T081,243(82) 9223+202 | 4491037 | 97864860 | 0001000 | 53841682 | 0.0010.00 0.00£0.00 0.00 £ 0.00
T151,2&3 46591747 | 1721243 0.00 £ 0.00 0.00 £ 0.00
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APPENDIX D4

Total Kjeldahl Nitrogen
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APPENDIX D4.1

Standardization of Sulfuric Acid for TKN



319

12
1 Titrant Volume Added
10 @ pH 4.5: 220 mL
1
87 ,
:Q‘ i
6-
4—
LY
R B L A A S.AA e I B 2o 2 iy o e ]
0 5 10 15 20 25 30 35 40

mL of H2SO4 Added

Figure D4.1a Standardization of Sulfuric Acid from June 11, 1990 by
Potentiometric Titration of Sodium Bicartmnate.
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Figure D4.1b Standardization of Sulfuric Acid from June 11, 1990 by
Potentiometric Titration of Sodium Bicarbonate.
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Figure DA.1c Standardization of Sulfuric Acid from June 11, 1990 by
Potentiometric Titration of Sodium Bicarbonate.
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Figure D4.2a Standardization of Sulfuric Acid from December 9, 1990 by
Potentiometric Titration of Sodium Bicarbonate.
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Figure D4.2b Standardization of Sulfuric Acid from December 9, 1990 by
Potentiometric Titration of Scdium Bicarbonate.
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Figure D4.2c Standardization of Sulfuric Acid from December 9, 1990 by
Potentiometric Titration of Sodium Bicarbonate.
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APPENDIX D4.2

Total Kjeldahl Nitrogen Analysis Results



Table D42.1  Summary of Total Kjeldahl Nitrogen Results During the
Summer Sampling at Pool I. Study of Pool Profiles.
Sample Kjeldahl Nitrogen Concentration in mg NH3-N/L
Identification
July 26 July 30 August1 August 6
1990 1990 1990 1990

Al 0.18+0.00 0.23+0.04 0.16 £0.00
A2 020+ NA 0.17 £0.02 0.22 +£0.01 0.14+0.01
A3 0.14+0.05 0.15+0.03 0.10+0.02
Bl 0.08 £0.06 0.08 £0.00 0.06 +0.04
B2 0.16 £t NA 0.03+0.03 0.06 £0.01 0.05 £0.02
B3 0.08 +0.04 0.05+0.03 0.03+£0.00
1 0.46 +0.03 0.43 £0.03 0.35+0.01
2 0.52+ NA 0.41+0.02 0.40 £0.02 0.38 +0.01
c3 0.44 +£0.01 0.40 £0.50 0.33+0.00
D1 0.42+0.01 0.42 £0.02 0.40£0.01
D2 0.53+NA 0.32+0.08 0.38£0.06 0.36+0.03
D3 0.26+0.23 0.38 £ NA 0.34 £0.04
E1 0.38+£0.17 0.64£0.16 1.20+0.03
E2 1.44 £ NA 0.52+NA 0.78 £0.07 1.22+0.03
E3 0.47 £0.03 0.77 £0.04 1.19+0.03
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Table D4.2.2

Summary of Total Kjeldahl Nitrogen Results During the Fall

Sampling at Pool I. Study of Time Profiles.

Kjeldahl Nitrogen
Sample Concentration in mg of NH3-N/"\.
Identification
Time Profile
October 9 1990 November 29 1990
TO A1, 2&3 0.44 +0.02 0.58 £ 0.01
T1 AL 2&3 0.44+0.02 0.56 £ 0.01
T2A1,2&3 0.47 £0.00 0.58 £ 0.01
TOB1,2&3 0.03+0.00 0.05%+0.02
T1B1,2&3 0.04 +£0.01 0.11+0.05
T2B1,2& 3 0.03 £0.00 0.08+0.01
T0C1,2&3 0.32+0.00 0.64 £0.00
T1C1,2&3 0.30 £0.02 0.59 £ 0.02
T2C1,2&3 0.31£0.03 0.59£0.03
TOD1,2&3 0.33 £ 0.01 0.62+0.02
T1D1,2&3 0.34£0.03 0.63£0.03
T2D1,2& 3 0.34+£0.03 0.63 £ 0.06
TOE1,2&3 0.90 £ 0.01 0.62+0.01
T1E],2&3 0.89 £ 0.06 0.60 £ 0.00
T2E1,2&3 0.91 £0.05 0.61+0.02
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Table D4.2.3 Suminary of Total Kjeldahl Nitrogen Results During the
Summer and Fall Sampling at Pool II. Study of Pool Profiles
and Time Profiles.

Kjeldahl Nitrogen
Sample Concentration in mg of NH3-N/L
Identification
July 7 1990 December 12 1990
(Afternoon) Time Profile
TOal,2 &3 («2) 0.00 £0.00 0.44 +£0.03
Tial,2&3 0.44 £ 0.06
TO B1, 2 & 3 (B2) 0.00 +£0.00 0.47 £0.05
TIP1,2&3 0.43 £0.01
TO B4.5 & 6 (BS) 0.00 £ 0.00 0.42 £Q.05
TIP4,5&6 0.45 +0.02
TO B7, 8 &9 (B11) 0.00 £0.00 0.41 £0.00
T1B7,8&9 0.27 £0.08
TO 810, 11 & 12 0.39 £0.02
T1B10, 11 & 12 0.34 + NA
TOP13, 14 & 15 0.40 £0.01
T1B13,14& 15 0.38 t NA
TOP16,17 & 18 (17) 0.00 +£0.00 0.41 £0.05
T1 16, 17 & 18 043+ NA
TOx1,2&3 0.15+0.00 1.17 £0.02
TIx1,2&3 0.81 009
TO81,2&3 0.00+0.00 0.83 £0.01
T181,2&3 0.58 +0.09
Comments: July 7, 1990 analyses were performed on 100mL aliquot,

while December 12 were performed on 500 mL aliquot.



R
Table D42.4  Summary of Total Kjeldahl Nitrogen Results During the
Summer and Fall Sampling at Pool III. Study of Pool Profiles
and Tire Profiles.

Kjeldahl Nitrogen
Sample Concentration in mg of NH3-N/L
Identification
July 51990 December 51990
(Afternoon) Time Profile
T0X1,2,3,4&5(2) 0.00+0.00 0.21 £0.00
T1X1,2,3,4&5 0.23+0.01
T2X1,2,3,4&5 0.22 +0.04
TOY1,2,3,4&5(2) 0.00+0.00 0.23+0.02
T1Y1,2,3,4&5 0.23+0.01
T2Y1,2,3,4&5 0.20 £ 0.00
T0Z1,2,3,4 &5 (1:5) 0.00+£0.00 0.23+0.00
T1Z1,2,3,4 &5 (3:4) 0.00 +0.00 0.21£0.00
T271,2,3,4&5 0.19+£0.01
T2 0.21 £ NA
Tap-Feed line
Comments: July 5, 1990 analyses were performed on 100 mL

aliquot, while December 5 were performed on
500 mL aliquot
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APPENDIX D5

Total Organic Carbon Analysis Results



Table D5.1

Sampling at Pool I. Study of Pool Profiles.

Summary of Total Organic Carbon Results During the Summer

Sample Total Organic Carbon Concentration in mg of C/L
Identification
July 26 July 30 August 1 August 6
1990 1990 1990 19%0
Al 5.146 £0.195 | 5.078+0.123 | 4.818+0.155
A2 5.199+0.191 | 4.877+0.156 | 4.733+0.085 | 4.482%0.115
A3 4.849+0.177 | 4.670+0.102 | 4.443+0.098
B1 3.023+0326 | 2.884+0.052 | 2.702£0.109
B2 3457 +£0.286 | 2.987+0.320 | 2.902+0.168 | 2.799 £0.083
B3 2.886+0.169 | 2719+0.056 | 2.742+0.033
Q1 8.659+£0.113 | 8318+0.172 | 837610239
2 10.03 £ 0.43 8.466 £0.116 | 8.204+0.075 | 8222+0.072
C3 8.552+0.300 | 8.098+0.128 | 8.212+0.133
D1 8.407 £0.105 | 8.111+0.130 | 8330+0.137
D2 9.644 £0.086 | 8.321+0.221 | 8.164+0.122 | 8220+0.088
D3 8.404+£0.143 | 8.110+£0.420 | 8.240%0.119
El 8.768 £ 0.050 13.33£0.09 22.61 £0.08
E2 24.20%£0.36 9.192 £ 0.667 14.71£2.79 23.50 £2.00
E3 9.114 £0.541 13.41£0.35 22.66 £ 0.20

gt aeerd




Table D52 Summary of Total Organic Carbon Results During the Fall

Sampling at Pool I. Study of Pool Profiles and Time Profiles

Total Organic Carbon Concentration in mg of C/L

Sample
1D
October 9 1990 November 29 1990
Time 0 Time 1 Time 2 Time 0 Time 1 Time 2

Al 7.480 +0.562| 7.051 £0.071}7.362 £ 0272 9.70+0.13 | 9.71+0.11 | 10.14%0.19
A2 7.354 +0.476| 7.076 £ 0.049{7.100 £ 0.040| 9.84 £0.09 | 10.22+0.08 | 9.737 + 0.074
A3 7.196 + 0.528| 7.139 £ 0.039] 7.136 +£ 0.105 | 9.670 £ 0.050{ 9.731 £ C.097| 9.98 £ 0.0%
B1 2033 +0.144| 1.830 £0.116| 1.905+ 0.144 | 2.828 £ 0.121 ] 3.030 £ 0.097 | 3.120 £ 0.120
B2 2.039 +0.037| 1.961 £0.039(2.019 + 0.062 | 2.946 + 0.098 | 2.946 £ 0.033}| 3.211 £ 0.032
B3 2.199 +0.073| 1.929 £ 0.018| 2.037 £ 0.047 } 2.986 + 0.082 | 2.968 £ 0.049 | 3.180 £+ 0.069
Ci 7.121 £0.355( 6.936 £ 0.140! 7.023 £ 0.221| 14.19+0.21 | 14.12+0.19 | 14.03+£0.10
C2 7.467 +0.027] 6.809 +0.0431 6.769 £ 0.050} 13.72+0.05 | 13.85+£0.10 | 13.97+£0.17
C3 7.484 +0.766] 6.683 £ 0.063|6.784 + 0.041] 13.74+0.07 | 13.851£0.09 | 14.15+£0.06
D1 6.826 +0.079] 6.834 £0.131| 7.445 + 1.129| 13.82+0.06 | 13.90+0.07 | 14.22+0.04
D2 6.895 £ 0.055] 6.799 £ 0.051} 6.698 + 0.118| 14.21£0.09 | 14.10£0.09 { 14.77£0.80
D3 6.915 +£0.0571 6.972 £0.051|6.903 + 0.088} 13.80+0.60 | 13.95+0.38 | 14.08+0.14
El 16.59 £ 0.03 | 16.67 £0.10 | 16.78+0.07 ;%.344 £ 0.094 NA 10.34 £ 0.07
E2 17.19+0.79 | 16.75 £0.14 | 1649+0.19 | 10.73+0.92 | 1058 +0.09 | 10.36+0.08
E3 16.75+0.35 | 16.77 £0.02 | 1650 +0.11 |9.553 £ 0.051] 10.18+0.08 | 10.38+0.10

Comments: NA: Not Available, sample T1 E1 was lost.
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Table D5.3 Summary of Total Organic Carbon Results During the Summer

and Fall Sampling at Pool II. Study of Pool Profiles and Time

Profiles.
Kjeldahl Nitrogen
Sample Concenfration in mg of NH3-N/L
Identification
July 71990 December 121990
(Afternoon) Time Profile
TOal,2 &3 (a2) 0.00 £ 0.00 0.44+0.03
Tlal,2&3 0.44 £ 0.06
TOB1,2 &3 (B2) 0.00 +0.00 0.47 £ 0.05
T1BL,2&3 0.43 £0.01
TO 4,5 & 6 (BS) 0.00 £ 0.00 0.42+0.05
T1P4,5&6 0.45 £ 0.02
TO 37, 8 & 9 (B11) 0.00 £0.00 0.41 £0.00
T187,8&9 0.27 + 0.08
TO B10, 11 & 12 0.39 £0.02
T1 10, 11 & 12 0.34 +NA
TOBI13,14 & 15 0.40 £ 0.01
T1 813,14 & 15 0.38 £t NA
TOB16,17 & 18 (17) 0.00 £ 0.00 0.41 £0.05
T1B16,17 & 18 043 tNA
TWx1,2&3 0.15+0.00 117 £0.02
T1%1,2&3 0.81 +0.09
TOS1,2&3 0.00 £0.00 0.83£0.01
T161,2&3 0.58 £ 0.09
Comments: July 7, 1990 analyses were performed on 100mL aliquot,

while December 12 were performed on 500 mL aliquot.
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Table D5.4 Summary of Total Organic Results During the Summer and Fall
Sampling at Pool III. Study of Pool Profiles and Time Profiles.

Total Organic Carbon Concentration in mg of C/L)
Sample
Identi::cation TC
July 5, 1990 December 5,1990
(Afternoon) Time 0 Time 1 Time 2

X1 6.212+0.116 7.678 £ 0.209 6.017 £ 0.065

X2 5.194 +£0.047 5.948 +0.078 6.026 +0.188 6.127 £0.036

X3 6.004 £0.190 6.104 £ 0.095 6.109 +0.072

X4 5.862 +£0.088 5.988 +0.280 6.059 £ 0.095

X5 5.873+0.°78 6.036 £ 0.087 5.960 +0.409

Y1 6.576 £0.487 5.840+0.217 6.015+0.017

Y2 5.160 £0.035 6.164 £0.050 5.792 1 0.276 5.993 +£0.053

Y3 5.971+£0.033 5.716 £ 0.222 6.019+0.029

Y4 5.974 +0.264 6.097 £0.207 6.051 +0.569

Y5 5.867 +£0.175 6.068+0.118 6.099 £ 0.058

Z1 (Z1:5) 5.297 £0.112 5.627 +0.169 6.112+0.032 6.027 £0.037
22 5.794 £0.135 6.183 £ 0.061 6.127 +£0.033

23 (Z34) 5.067 +0.049 6.092 1 0.265 5.961 +0.059 6.171 £0.052
Z4 6.109 £0.036 5.978 + 0.028 6.108 £0.071

Z5 6.097 +0.049 6.234 + 0.059 6.173+£0.029
Tap-Feed Line 5.750 £ 0.476

Comments: Results for July 5, 1930 are Total Carbon readings not Total Organic

Carbon results. (TOC = TC - 1C)
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APPENDIX D6

Large Volume Aquecus Extraction Analysis Results



Table D6.1 Large Volume Aqueous Neutral Extraction for Pool I-E.
Retention Compound Molecular | Probability

Time Weight | byMSD
4405 unknown

5.16 unknown

9.744 1,2 dichloro 1-propene 109 45
10.215 3-chloro butanenitrile 103 40
12.619 benzaldehyde 106 91
13.513 butanedinitrile or iso 80 91
14.298 diethyl carbamic chloride 135 78
15.359 unknown

15.821 pentanedinitrile 94 83
16.538 Bis-2-cyclohexene-1-yl 162 59
17.66 unknown
18.751 benzeneacetonitrile or iso 117 94
19.734 tetrachloromethane 151 72
20.038 unknown
25.147 unknown
27.504 1-(3-ethylcyclobutyl)ethanone 126 43
27.622 unknown
28.487 bis(1-methylethyl)hexanedioic acid 230 91
31.259 unknown
31.475 N,N-diethyl-3-methyl benzamide 191 83
31.701 diethyl phthalate 222 94
32.38 ... propanoic acid 286 72
39.931 ... benzene dicarboxylic acid 278 95
41.766 unknown
43.453 long chain alkane
45.306 long chain alkane

47.07 long chain alkane

48.276 hexanedioic acid 40
48.766 long chain alkane

50.405 long chain alkane

50.53 3-nitro 1,2-benzene dicarboxylic acid

51.479 long chain alkane 211 86
52.155 long chain alkane

53.398 long chain alkane

54.221 long chain alkane
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Table D6.2

Large Volume Aqueous *.cid Extraction for Pool I-E.

Retention Compound Molecular j Probability
Time Weight by MSD
4.426 unknown
5.191 unknown
10.174 3-chlorobutanenitrile 103 53
12.16 unknown
12.643 benzaldehyde 106 94
13.567 butanedinitrile or iso 80 86
16.309 2,2,dichloro acetamide 126 47
16.421 pentanedinitrile or iso 94 53
17.71 unknown
18.304 unknown
18.817 benzeneacetonitrile 117 96
20.37 unknown
22.359 ammonium salt of benzoic acid 139 72
24.274 phenyl propanedioic acid 180 86
25.006 nonanoic acid 158 70
27.081 decanoic acid 172 70
27.408 decanoic acid 172 86
28.555 bis (1-methylethyl)hexanedioic acid 230 83
29.545 undecanoic acid 186 89
29.931 unknown
30.149 unknown
30.872 unknown
37.279 unknown
31.784 diethyl phthalate 222
32.38 dodecanoic acid 200 94
33.352 unknown
33.471 unknown
33.659 unknown
33.857 unknown
34.313 tridecanoic acid 214 94
35.653 unknown
36.695 tetradecanoic acid 278 98
36.943 unknown
37.638 unknown
37.976 unknown
38.561 pentadecanoic acid 242 96




Table D6.2 (Continued) Large Volume Aqueous Acid Extraction for Pool I-E.

Retention
Time

39.216
40.655
41.548
41.776
43.472
43.78
44.435
45.348
45.487
45.596
45.686
45.795
45.924
46.033
46.152
46.231
46.479
46.608
47.155
48.88
49.316
50.533
51.512
52.282
54.357

— S L%

Compound
(Continued)

unknown

long chain alkane

unknown

octadecanoic acid
long chain alkane
... benzene dicarboxylic acid

phthalate
phthalate
phthalate
phthalate
phthalate
phthalate
phthalate
phthalate
phthalate

long chain alkane
long chain alkane

phthalate

long chain alkane
long chain alkane
long chain alkane
long chain alkane

* % niethoxy furan
hexad«- .noic acid
long chain alkane

Molecular
Weight

130
256

334

Probability
by MSD

93

low

87
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Table D6.3 Large Volume Aqueous Neutral Extraction for Pool II-x.

Retention Compound Molecular | Probability
Time Weight by MSD
9.684 unknown
10.726 3-chlorobutanenitrile or iso 103 39
11.205 2-butoxy ethanal 118 53
11.951 5,5-dimethyl 2(5H) furanone 112 72
12.589 benzaldehyde 106 94
13.443 butanedinitrile 80 86
15.898 pentanedinitrile 94 83
17.44 2,2-dichloro 1,1,1-trifluoro ethane 151 72
18.569 benzeneacetonitrile 117 95
19.79 tetrachloromethane 151 72
25.134 unknown
28.081 dimethyl phthalate 194 90
28.485 bis (1-methylethyl) hexanedioic acid 230 91
31.699 diethyl phthalate 222 91
32.397 ... propanoic acid 286 72
39.942 ... benzene dicarboxylic acid 276 97
41.764 unknown
44.011 long chain aikane
45.291 long chain alkane
46.926 phthalate
47.054 long chain alkane
47.704 long chain alkane
48.177 long chain alkane
48.759 long chain alkane
49.429 long chain alkane
50.404 long chain alkane
52.184 long chain alkane
53.194 long chain alkane
54.269 long chain alkane

RIS



Table D6.4 Large Volume Aqueous Acid Extraction for Pool II-%.

Retention Compound Molecular | Probability
Time Weight by MSD
R 572 1,1,1,2-tetrachloro ethane 165 72
9.937 cyclohexanone 98 90
10.18 chlorocyclohexane 118 72
10911 unknown
11.441 2-butoxy ethanal 118 54

12.1 unknown
12587 benzaldehyde 106 64
12.827 butanedinitrile 80 72
15.618 unknown
15.746 pentanedinitrile 94 83
16.592 Bi-2 cyclohexene-1-yl 162 50
17.3 1,2,2 trichloro-1,1-difluoro ethane 167 72
17.793 unknown
18.58 benzeneacetonitrile 117 93
19.732 trichloro methane 151 64
20.136 2,2,2 trichloro acetamide 160 44
21.929 benzoic acid 122 92
22285 hexanamine 101 43
24.433 unknown
24.621 nonanoic acid 158 31
27.126 decanoic acid 172 68
28.103 dimethyl phthalate 90
28507 bis (1-methylethyl) hexanedioic acid 230 86
29.415 undecanoic acid 186 72
29.53 unknown
31.736 diethyl phthalate 222 95
32.033 dodecanoic acid 200 93
33.14 unknown
33.29 unknown
33.466 unknown
34.148 tridecanoic acid 214 35
35.521 unknown
36.521 tetradecanoic acid 228 96
37.36 unknown
37.538 unknown
37.716 unknown
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Table D6.4 (Continued) Large Volume Aqueous Acid Extraction for Pool II-x.

Retention Compound Molecular | Probability
Time (Continued) Weight by MSD
38.496 pentadecanoic acid 242 94
39.76 unknown
39.948 phthalate
40.609 nexadecanoic acid 256 93
41.539 unknown
41.747 long chain alkane
43.637 long chain alkane
44.345 octadecanoic acid 282 47
45.302 long chain alkane
47.059 long chain alkane
48.262 dioctyl ester of hexanedioic acid 370 76
48.755 long chain alkane
49.347 long chain alkane
50.31 long chain alkane
50.529 phthalate
52.142 long chain alkane
53.46 long chain alkane
54.198 long chain alkane




Table D6.5 Large Volume Aqueous Neutral Extraction for Pool III section Y.
Retention Compound Molecular | Probability
Time Weight by MSD

4.405 unknown

5.151 unknown

9.71 unknown

12.618 benzaldehyde 106 94
14.122 methy! propanedinitrile or 30 51

butanedinitrile

16.483 pentanedinitrile 94 83
17.576 1,2,2 trichloro-1,1-difluoro ethane 167 53
18.778 benzeneacetonitrile 117 96
19.772 tetrachloromethane 151 64
31.716 diethyl phthalate 222 93
35.15 6-chloro-1,3,5-triazine-2,4-diamine 201 94
39.944 .. benzene dicarboxylic a<id 278 97
40.417 long chain alkane
41.748 unknown
45.285 long chain alkane
45.453 long chain alkane
46.664 unknown

46.92 benzyl butyl phthalate

47.039 long chain alkane

48.034 long chain alkane

48.724 long chain alkane

49.236 long chain alkane

49.757 phthalate

50.743 phthalate

52.14 long chain alkane

339



Table D6.6

Large Volume Aqueous Acid Extraction for Pool III section Y.

Retention Compound Molecular | Probability
Time Weight by MSD
4.384 unknown
5.147 3-chlorobutanenitrile 106 38
9.688 unknown
10.188 unknown
11.788 unknown
12.543 benzaldehyde 106 91
13.299 butanedinitrile 80 64
16.253 pentanedinitrile 94 64
17.355 1,2,2-trichloro-1,1-difluoro ethane 167 72
18.663 benzeneacetonitrile 117 94
20.464 2,2,2-trichloroacetamide 160 80
22.38 ammonium salt of benzoic acid 139 64
24.107 phenyl propanedioic acid 180 72
24936 ... oic acid
27.045 decanoic acid 172 60
29.553 undecanoic acid 186 94
31.726 diethyl phthalate 222 94
32.231 dodecanoic acid 200 93
33.246 unknown
33.566 unknown
34.258 tridecanoic acid 214 95
35.375 unknown
36.601 tetradecanoic acid 228 98
37.382 unknown
37.58 unknown
37.738 unknown
38.538 pentadecanoic acid 242 83
40.661 hexadecanoic acid 256 93
41.738 unknown
43.344 unknown
43.669 unknown
4432 octadecanoic acid 284 64
45.295 unknown
46.633 unknown
46.909 benzyl butyl phthalate 87
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Table D6.6 (Continued) Large Volume Aqueous Acid Extraction for Pool III

section Y.

Retention Compound Molecular | Probability
Time Weight by MSD
47.017 long chain alkane
48.245 dioctyl ester of hexanedioic acid 370 81
48.707 long chain alkane
50.69 phthalate
52.111 long chain alkane
54.186 long chain alkane




M2

Table D6.7 Large Volume of Extraction Solvent Concentrated for Blank

Study.
Retention Compound Molecular | Probability
_ _Time BLANK Weight by MSD
12.509 unknown
4,444 dioctyl ester of hexanedioic acid
55.722 phthaiate




APPENDIX D7

Air Phase Analysis
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APPENDIX D7.1

Hydrazones Calibration Curves
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Figure D7.1.1 Formaldehyde Calibration Curve as the 2,4-Dinitrophenyl-
hydrazone, October 24, 1990.
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Figure D7.1.2 Acetaldehyde Calibration Curve as the 2,4-Dinitrophenyl-
hydrazone, October 25, 1990.



APPENDIX D7.2

Recovery Trials



Table D7.2.1

Table D7.2.2

Recovery Trial with Acetaldehyde Using Open System.

Concentration | Concentration Recovery
Spiked Recovered Efficiency
pg/m3 pg/m3 %

0 44.5 -
113.8 147.8 130
227.7 203.0 89
569.2 282.6 50
569.2 216.1 38
1138.3 265.5 23

Recovery Trial with Acetaldehyde Using Cloced System.

Concentration | Concentration Recovery
Spiked Recovered Efficiency
pg/m3 pg/m3 %

0 7.9 -
91.8 34.7 38
499.0 100.8 20




APPENDIX D7.3

Controlled Water Basin Trials



Table D7.3.1

Controlled Water Basin Trial with Formald ayde and
Acetaldehyde in the Aqueous Phase.

349

Aqueous Concentration | Overlying Atmosphere Collection Efficiency
Ceoncentration
Formaldehyde |Acetaldehyde |Formaldehyde |Acetaldehyde Formaldehyde | Acetaldehyde
mg/L mg/L pg/m3 pg/m3 % %
6.25 9.55 82.55 743.1 3.92 0.09

Note: Maximum expectable concentrations as calculated with H* under ideal
conditions: Formaldehyde 2104.4 pg/m3, and Acetaldehyde 837090 jig/ m3,

Table D7.3.2

Controlled Water Basin Trial with Formaldehyde and Acetalde-
hyde in the Aqueous Phase.

Aqueous Concentration | Overlying Atmosphere Average Collection
Concentration Efficiency
Formaldehyde |Acetaldehyde |Formaldehyde |Acetaldehyde |Formaldehyde |Acetaldehyde
mg/L mg/L pg/m3 pg/m3 % o
— ]
14.06 11.42 93.3 729.5 1.97 0.07 |

Note: Maximum expectable concentrations as calculated with H* under ideal
conditions: Formaldehyde 4732.5 ug/m3, and Acetaldehyde 1001500 pg/m3.
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Physical Parameters Measured
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Table D83 Physical Parameters and Sampling Infcrmation for Pool II on
December 2, 1990.

Pool or Time Sample Temperature pH Conductivity | REMARKS: ¥ zTPeople,
Part of Pool Sampled |ldentification °C @°C) pMHOS |Sex, Age group, ...
Sampled (per section) | (per section) (@°Q)
a To-al 1380
9:43 TO-a2 28.0 7.5 1360
T0-03 1350
] To-B1 1540
deep end 9:56 To-B2 28.0 7.5 1540
TO-p3 1540
3 To-B4 1530 1 male adult (30 y),
3" Pool 10:11 TO-B5 28.0 7.5 1540 1 male child (3 y)
To-B6 1530
B TO-p7 1540
Centre-Left 10:20 TO-f8 28.0 76 1560
To-f39 1550
B To-f10 1560
Centre-Ceiitre 10:44 To-B11 28.0 74 1560
To-B12 1550
p To-B13 1560
Centre-Right 11:00 To-B14 28.0 7.5 1570
To-Pp15 1570
B TO-f16 1560 1 female adult,
Kiddy's Pool 10:35 TO-B17 28.0 7.6 1590 1 female child
To-p18 1560
X TO-x1 2320
11:13 TO-x2 38.0 7.4 2360 2
To-x3 2350
s TO-81 2390 1 male adult,
11:21 T0-82 415 72 2390 1 female
T0-53 2400




Table D8.3 (Continued) Physical Parameters and Sampling Information for
Pool II on December 2, 1990.
Pool or Time Sample Temperature Conductivity [REMARKS: # of People,
Part of Pool Sampled |ldentification °C pH pMHOS  |Sex, Age group, ...
Sampled (2 Readings) (@°C) (@°C)
o Ti-al 1310 10, 10 year old (3 females and
13:26 Ti-2 275 76 1320 7 males)
T1-a3 1320
] T1-pt 1460 7 males (boys-10 y)
deep end 13:36 T1-p2 76 1510
T1-p3 1510
B T1-p4 1520 3 females (girls-10 y)
3" Pool 1347 T1-f5 28.0 7.5 1480
T1-B6 1520
B T1-p7 1490
Centre-Left T1-p8 NA 1510
T1-p9 1500
B T1-10 1530
Centre-Centre 14:40 Ti1-p11 NA 1530
Ti-p12 1530
B Ti-p13 1530
Centre-Right 14:25 Ti-fi4 28.5 NA 1820
T1-p15 1520
B T1-Bt6 1520 2 females (girls-10 y),
Kiddy's Pool 14:11 Ti-p17 NA 1550 2 males (boys-10 y)
T1-B18 1540 2 adults
% Ti1-y! 2350 (%)
14:55 T1-y2 28.0 NA 2390
T1-¢3 2350
8 T1-81 2410 1 female adult, 1 female kid
14:55 T1-82 110 NA 2430
T1-83 2420
Comments: NA: notavailable, pH pen fell in the pool

KRN
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APPENDIX E2

Air Phase Aerosol Results



Table E2.1 _Aerosol Sampling Codes for Pool 1.

Pool 1

I-1 Al pool , (Nutrient agar)

I2 Al pool, (Rese Bengal agar)

I-3 A3 pool, (Nutrient agar)

-4 A3 pool, (Rose Bengal agar)

I-5  C3 pool, (Nutrient agar)

I-6  C3 pool, ladies aquasize class (Rose Bengal agar)

I-7  C2 pool, ladies aquasize class (Rose Bengal agar)

I-8  C2 pool, ladies aquasize class (Nutrient agar)

I.9  Cpool, from pool end, middle (Nutrient agar)

I-10 D pool, from bulkhead (Rose Bengal agar)

I-11 D pool, from bulkhead (Nutrient agar)

I-12  E pool, Middle of ledge, (Nutrient agar)

I-13  E pool, Middle of ledge {Rose Bengal)

I-14 C pool, poolside, middle (Nutrient agar)

I-15 C pool, poolside, middle (Rose Bengal)

I-16  E pool, Middle of ledge (Rose Bengal)

I-17 A pool, poolside, middle, during swim practice (Rose Bengal)
I-18 A pool, poolside, middle, during swim practice (Nutrient agar)



378
Table E2.2 Microbial Results for the Air Phase at Pool I on November 29,

1990.
Sample Time Bather Bacteria Fungi Actinomycete Yeasts
Code of Day Load
cfu/m3 cfu/m3 cfu/m3 cfu/tn3
11 (NA) 09:20 338 0 B 0
I-2 (RB) " 09:30 0 9 0 9
I-3 (NA) 09:45 303 ] 0 0
I-4 (RB) " 09:55 (] 0 0 0
I-5 (NA) 10:06 16 188 0 0 0
I-6 (RB) " 10:15 16 0 13 0 0
I-7 (RB) 10:25 16 0 9 0 0
I-8 (NA) 10:35 17 138 9 0 0
I-9 (NA) 12:30 4 747 28 0 0
I-10 (RB) 12:50 29 0 0 0 13
I-11 (NA) 13:00 29 66 6 0 0
I-12 (NA) 13:10 12 241 0 0 0
I-13 (RB) 13:20 12 0 9 0 0
I-14 (NA) 15:35 16 103 6 0 0
[-15 (RB) 15:50 16 0 0 0 0
I-16 (RB) 16:00 8 0 0 0 0
1-17 (RB) 16:15 32 0 0 0 0
1-18 (NA)_'L 16:25 32 41 9 0 0

RB: Rose Bengal agar
NA: Nutrient agar
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Table E2.3 _ Aerosol Sampling Codes for Pool II.

Pool 11

II-1
-2
-3
1I-4
-5
1I-6
-7
i1-8
II-9
1I-10
II-11
1I-12
1I-13
-14
II-15
II-16
I-17
II-18
II-19
11-20
1I-21
-22

Dive Tank, side, middle of ladder/board (Nutrient agar)
Dive Tank, side, middle of ladder/board (Rose Bengal)
Wave Pool, left side-3ft deep, middle (Nutrient agar)
Wave Pool, left side-3ft deep, middle (Rose Bengal)
Wave Pool, no waves (Nutrient agar)

Wave Pool, no waves (Rose Bengal)

Kiddy Pool, sparkling end (Nutrient agar)

Kiddy Pool, sparkling end (Rose Bengal)

Hot Tub % (Nutrient agar)

Hot Tub yx (Rose Bengal)

Guard Tower (Nutrient agar)
Guard Tower (Rose Bengal)

Dive Tank (Nutrient agar)

Dive Tank (Rose Bengal)

Bird Cage (Rose Bengal)

Bird Cage (Nutrient agar)

Wave Pool (Nutrient agar)

Wave Pool, no waves (Rose Bengal)
Kiddie Slide Poo! (Rose Bengal)
Kiddie Slide Pool {Nutrient agar)
Guard Tower (Nutrient agar)
Guard Tower, waves (Rose Bengal)



Table E2.4 Microbial Results for the Air Phase at Pool II on December 12,

1990.
Sample Time Bather Bacteria Fungi Actinomycete Yeasts
Code of Day Load
" cfu/m3 cfu/m3 cfu/m3 cfu/m3
[I-1 (NA) 09:51 0 19 0 0 0
11-2 (RB) 10:01 0 0 0 0 0
1I-3 (NA) 10:14 2 306 13 0 0
1I-4 (RB) 10:25 0 0 0 0
II-5 (NA) 10:41 3 28 0 0 0
II-6 (RB) 10:52 2 0 0 0 0
Ii-7 (NA) 11:05 103 0 0 0
i1-8 (RB) 11:16 6 0 G 0 0
II-9 (NA) 11:32 24 234 15 3 0
1I-10 (RB) 11:43 24 G 39 0 0
II-11 (NA) 1154 59 16 0 0
11-12 (RB) 12:04 0 116 0 0
1113 (NA) 13:38 9 125 3 0 0
II-14 (RB) I 13:28 K} | 0 47 0 3
1I-15 (RB) 13:51 0 13 0 0
II-16 {(NA) I 14:01 84 0 0 0
1-17 (NA) 14:15 35 150 9 0 0
I1-18 (RB) 14:22 26-11 0 38 0 0
11-19 (RB) 14:32 6 0 13 0 0
1120 {NA) 14:42 6 116 31 0 0
[1-21 (NA) 15:03 2 350 13 0 0
11-22 (RB) 16:53 2 0 19 0 78

RB: Rose Bengal agar
NA: Nutrient agar
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Table E2.5  Aerosol Sampling Codes for Pool IIL

Pool III

-1
m-2
HI-3
I-4
I1-5
-6
m-7
I-8
1-9

Shallow end, Bulkhead (Rose Bengal)

Shallow end, Bulkhead (Nutrient agar)

Middle section, Bulkhead deep end/middle (Rose Bengal)
Middle section, Bulkhead deep end/middle (Nutrient agar)
Deep end, middle pool end by diving board end (Nutrient agar)
Shallow end, Bulkhead (Rose Bengal)

Shallow end, Bulkhead (Nutrient agar)

Middle section, poolside/middle by bench (Nutrient agar)
Middle section, poolside/middle by bench (Rose Bengal)

IM-10 Deep end, Bulkhead (Rose Bengal)
III-11 Deep end, Bulkhead (Nutrient agar)
II-12 Deep end, middle pool end by diving board end (Rose Bengal)



Table E2.6 Microbial Results for the Air Phase at Pool III on December 5,
1990.
Sample Time Bather Bacteria Fungi Actinomycete Yeasts
Code of Day Load
cfu/m3 cfu/m3 cfu/m3 cfu/m3

1I-1 (RB) 09:38 0 0 0 0 0
HI-2 (NA) 09:48 0 81 3 0
I1I-3 (RB) 10:00 2 0 0 0
-4 (NA) 10:10 3 450 13 0 0
1I-5 (NA) 10:34 1 (+kayak) 6 0 0 0
111-6 (RB) 11:38 6 0 11 0 6
HI-7 (NA) 11:50 6 138 19 0 0
I1I-8 (NA) 6 166 0 0 0
H!-9 (RB) 5 0 16 0 0
I11-10 (RB) 15:25 3 0 13 0 6
II-11(NA) 15:41 0 94 0 0 0
11i-12 (RB) 0 70 0

RB: Rose Bengal agar

NA: Nutrient agar
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APPENDIX E3

Microbial Identification at Each Individual Facility
and

Commonly Reperted Clinical Manifestation



Table E3.1 Microbial Identification for Facility I Based on November 29,
1990 Sampling.
Tank * To T1 T2

E. coli E. coli

A E. aerogenes

C. freundii _

E. coli E. coli E. coli
E. aerogenes E. cloacae E. cloacae
E. cloacae E. tarda K. ozonae
C. freundii K. pieumoniae

B K. pneumoniae K. rhinoscleromatis
P. vulgaris P. vulgaris
S. marcescens
Acinetobacter species
E. coli E. coli E. coli
Cedacae species E. cloacae C. freundii
C. diversus K. ozonae

C C. freundii K. pneumoniae
E. cloacae
Hafnia alvei
K. oxytoca
Y. enterocolitica
A. hydrophila
E. coli E. coli E. coli
C. freundii C. freundii E. agglomerans
C. diversus E. cloacae C. freundii

D E. agglomerans K. oxytoca K. pneumonige
E. cloacae K. ozonae Y. entercolitice
Tatumella species S. faecalis
A. hydrophila
S. faecalis
E. coli E. coli E. coli
E. agglomerans E. cloacae E. cloacae
E.cloacae C. diversus C. freundii

E C. diversus K. pneumoniae
K. ozonae K. oxytoca
K. pneumoniae
Tatumella species
A. hydrophila
S. faecalis

* Representative colonies were subcultured, purified and then identified.
Results are qualitative and meant to illustrate the diversity of genera and
species present.
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Table E3.2 Microbial Identification for Facility II Based on December 12,
1990 Sampling.

Tank To Ty
e —
o E. coli
E. agglomerans
S. faecalis
Pseudomonas species E. coli
P. aeruginosa E. cloacae
S. aureus E. agglomerans
Acinetobacter species C. freundii
B K. oxytoca
K. ozonae
P. vulgaris
Serratia marcesceny
Tatumella species
S. faccalis
Acinet.bacter species
X S. aureus Pseudomonas species
S. faecalis S. aureus
E. coli E. coli
E. agglomeruns C. freundii
C. freundii E. agglomerans
S K. pneumoniae K. pneumoniae
Pseudomonas species S. faecalis
Vibrio species
Y. entercolitica
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Table E3.3 Microbial Identification for Facility III Based on December 5,
1990 Sampling.
Tank To T1 T2
E. coli K. oxytoca E. coli
P. aeruginosa E. cloacae
S. faecalis A. agglomerans
S. faecium C. freundii
X K. ozonae
K. oxytoca
K. pneumoniae
P. aeruginosa
§. faecalis
S. faecium
E. coli E. coli E. coli
K. ocytoca E. cloacae E. cloacae
K. pneumoniae E. agglomerans C. freundii
P. aeruginosa C. freundii K. oxytoca
Y S. faecalis K. ozonae A. hydrophila
K. pneumoniae
P. vulgaris
S. faecalis
S. faecium
A. hydrophila
S. marcescens E. coli E. coli
P. vulgaris E. cloacae C. freundii
YA S. faecalis E. agglomerans K. oxytoca
K. oxytoca K. pneumoniae
S. faecalis P. aeruginosa
A. hydrophila S. faecalis
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