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New Zealand and British Columbia

British Columbia, the westernmost province, is more like [New
Zealand], there are a lot of untreated water supplies and it is
basically rolling the dice. It is not a question of if somebody will
get sick, it is a question of when and how many.

— Steve Hrudey

Laith Furatian Why a chlorine residual? September 20 2018 2 / 68



Laith Furatian Why a chlorine residual? September 20 2018 3 / 68



Laith Furatian Why a chlorine residual? September 20 2018 4 / 68



Durham, New Hamsphire - 2008

The New England Water Works Association and
the University of New Hampshire hosted personnel
from a Dutch water company to present on some
of their work.

“The Dutch Experience”

Laith Furatian Why a chlorine residual? September 20 2018 5 / 68



The Dutch Drinking Water Sector

Well staffed.

Well funded.

High consumer
confidence.
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...and so pathogen removal is achieved by UV dis-
infection and several filtration steps. Thank you.

L
LL

Chief Scientist
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I’m sorry, does this mean
you do not maintain a
chlorine residual?

L
L
L
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That is correct. We in the Netherlands provide
drinking water to our customers, not swimming
pool water.

L
LL

!!!

L
LL
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Then how do you protect
water quality in the distri-
bution system?

L
L
L

Laith Furatian Why a chlorine residual? September 20 2018 10 / 68



We produce biologically stable water to avoid
regrowth, maintain a clean distribution system
and provide positive pressure throughout.

L
LL
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But during a fire you may
lose positive pressure in
the vicinity of a hydrant
and contamination could
then enter the system.

L
L
L
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Perhaps, but then 0.2 ppm of chlorine will not give
you protection from that.

L
LL
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A utility down south
had such an incident
and their engineer swears
that little bit of residual
chlorine saved them.

L
L
L
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This is a belief. We are not here to discuss beliefs,
only facts.

L
LL
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Residual Disinfectant in Distribution

In the Netherlands, and other parts of Europe,

drinking water is distributed without any

residual disinfectant.

In North America, maintaining a detectable level

of chlorine throughout the system is either

required or recommended.
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What do you think?
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Why maintain a residual?
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Primary vs. Secondary Disinfectants

Disinfectant Primary Secondary

Chlorine " "

Chloramine "

Ultraviolet "

Ozone "

Chlorine Dioxide " "
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Water can be considered a perishable product
with a shelf life (detention time in system),
packaging (pipes and storage facilities), and

preservatives (free chlorine or total chlorine).

Kirmeyer et al. 1999
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Chlorine vs. Chloramines

Consider for example the CT (min mg L−1) values
stipulated for 4-log virus inactivation at pH 6 - 9:

T ◦C 5 10 15

Chlorine 8.0 6.0 4.0
Chloramines 2000 1500 1000

USEPA 1989
(As cited by AWWA M20 2006)
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Some untreated water is distributed in N. America

AWWA’s 2017 Disinfection Survey Results.
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The benefits of chlorine
persistence in the distribution

system emerged over time.

Laith Furatian Why a chlorine residual? September 20 2018 23 / 68



Claimed benefits of maintaining a chlorine residual

Protection against contamination from source

Inhibit or control biofilm growth

Sentinel or flag for system integrity

Protection against recontamination in system
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Arguments against maintaining a chlorine residual

Chlorinous taste and odour

Formation of disinfection by-products

False sense of security
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We should consider the most sensitive people,
not the most sensitive taste buds.

Darren Molder
Senior Environmental Health Officer

Drinking Water Officer
Vancouver Coastal Health
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NAS-NRC Statement on Residual Maintenance

“Residual chlorine in the concentrations routinely
employed in water utility practice will not ordinarily
disinfect any sizeable amounts of contaminatory
material entering the system, though this will depend
on the amount of dilution at the point of
contamination, on the type of residual chlorine and on
the time-of-flow interval between the point of
contamination and the nearest consumer. ”

NAS-NRC Statement 1959
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NAS-NRC Statement on Residual Maintenance

“The NAS-NRC does not consider maintenance of a
residual a satisfactory substitute for good design,
construction and supervision of a water distribution
system, nor does it feel that the presence of a residual
in the system constitutes a guarantee of water
potability”

NAS-NRC Statment 1959
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Distribution System Deficiencies

Survey in 1969

969 water supplies

Serving > 18 million

54% no ccc ordinance

90% no ccc program
(ccc = cross-connection control)

McCabe et al. 1970
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Deficiencies and Waterborne Disease

During 1946-1970,
40% of outbreaks
due to distribution
system deficiencies:

cross-connections
and back-siphonage
most common
deficiency

Craun et al. 1973
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Johns Hopkins Studies - lab scale intrusion tests

Snead et al. 1980
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Johns Hopkins Studies - lab scale intrusion tests

Experimental Conditions:

Tap water adjusted for pH, temperature, and chlorine or
chloramine residual

Autoclaved raw sewage seeded with coliform bacteria,
Salmonella, Shigella, poliovirus, f2 phage

Simulate back-siphonage and follow survival for 2 hr
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Johns Hopkins Studies - lab scale intrusion tests

Key Results:

Using least favourable conditions - pH 8 and 0 ◦C

Chlorine ineffective when challenged by 5% sewage (v/v)

Chlorine 0.7 ppm + 1% sewage →
>3 log bacteria under 30 min and >1.5 log poliovirus in 2 h

Chlorine 0.2 ppm + 0.1% sewage →
2.5 log bacteria and 0.8 log phage in 2 h.

Chloramines 0.9 ppm + 1% sewage → 1-log bacteria after 2 h
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Johns Hopkins Studies - full scale intrusion tests

Olivieri et al. 1986
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Influence of Johns Hopkins studies on US regulations

Residual requirements
of the SWTR were
partly based on the
Johns Hopkins studies

Shaw et al. 1999
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Other experimental studies of intrusion

Scale Reference Free Chlorine Chloramine

Lab Camper et al. 1998 !

Lab Payment 1999 !

Lab/Pilot McMath et al. 1999 !

Lab Baribeau et al. 2005 ! !

Pilot Parents et al. 1996 !

Pilot Sibille et al. 1997 !

Pilot Gibbs et al. 2003 !

Adapted from Besner et al. 2008
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Protection against intrusion by disinfectant residual

Chloramines offer negligible protection against
recontamination

Major intrusion (> 1% v/v), chlorine is ineffective

Minor intrusion (< 1% v/v), chlorine effective against
bacteria and viruses on timescale of minutes to hours

Experience shows cross-connection and back-siphonage events
occur as a slug (i.e. major intrusion)
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Recent trends in waterborne outbreaks
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Distribution system deficiencies continue

1971 to 1998
cross-connection and
back-siphonage (50%)

main breaks/leaks (11%)

storage contamination (10%)

main repair/install (6%)

Craun et al. 2001
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Chemical contamination may be significant
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National Research Council - Report - 2006

A USEPA request
during Total Coliform
Rule revision

Distribution system
integrity defined as:

1. Physical Integrity

2. Hydraulic Integrity

3. Water Quality Integrity
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Reducing distribution system risks (highest priorities)

Ensure active cross-connection control and backflow
prevention program in place

Ensure sanitary practices for main repair and construction

Monitor pressure (preferably continuously)

Adequately protect finished water

Ensure proper training of distribution system operators
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G200 Standard (ANSI/AWWA)
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AWWA Manuals of Practice
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Important Case Studies - Untreated Groundwater

Cabool Missouri, 1989, pop. 2100
Wells (×2) 300 and 400 m deep
E. coli O157:H7 - 243 illnesses
32 hospitalizations, 4 deaths
Cold weather, main breaks, sewage
contamination

Gideon Missouri, 1993, pop. 1100
Wells (×2) both 400 m deep
Salmonella typhimurium
> 650 illnesses, 7 deaths
Bird contamination of reservoir
Inappropriate flushing

NRC 2006
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But that is not the end
of the story.
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Most waterborne outbreaks are not reported

Frost et al. 1996

Laith Furatian Why a chlorine residual? September 20 2018 47 / 68



Epidemic vs. Endemic Disease

Craun et al. 2006
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Analytical Epidemiology and Tap Water

Attempts to estimate risk of acute gastrointestinal disease due to
exposure to tap water:

Laval 1988-1989 (Payment et al. 1991)

Laval 1993-1994 (Payment et al. 1997)

Melbourne 1997-1999 (Hellard et al. 2001)

Davenport 2000-2002 (Colford et al. 2005)
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The Laval Studies

Payment et al. 1997Payment et al. 1991
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Laval Study 1988-1989

Study of about 600 households in Montreal suburb drinking either
tap water or point-of-use RO water over 15 month period, with
self-reporting of gastrointestinal illness.

Results:

Tapwater drinkers - 0.76 episodes/person/year

RO water drinkers - 0.50 episodes/person/year

Conclusion:

Estimated 35% of GI illness among tap water drinkers due
to consumption of drinking water and thus preventable.

Laith Furatian Why a chlorine residual? September 20 2018 51 / 68



Laval Study 1993-1994

Using same study area, 1400 families of immunocompetent adults
with young children placed into four groups of 350 families and
assigned to drink given water for 16 months

Groups:

1. tap water

2. tap water from continuously purged tap

3. bottled plant water

4. purified bottled water (RO or spring water)
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Laval Study 1993-1994

Rate of GI illness in agreement with previous studies for tap water
group (0.66 ± 0.05 episodes/person/year)

Bottled plant group ≈ Purified bottled water groups

Tap valve group > Tap group

Conclusions:

GI illness attributable to drinking water 14 - 19% for all
ages, and 17 - 40% for children 2 to 5 years

Distribution system partly responsible for portion of
illnesses
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Melbourne and Davenport Studies

Melbourne, Australia Study (Hellard et al. 2001):
Double-blinded, randomized trial with 600 families with at least two
children, drinking either tap or purified water over 68 week. GI illness
rate in tap vs. purified: 0.79 vs. 0.82 episodes/person/year.

Davenport, Iowa Study (Colford et al. 2005):
Randomized, controlled, triple-blinded, crossover intervention using 600
families in two groups (tap and purified). Observed over 54 weeks. GI
illness rate in tap vs. purified: 2.12 vs. 2.20 episodes/person/year.

Studies designed to detect a 15-20% and 11% effect,
respectively.
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1996 SDWA - Estimate of drinking water disease burden

Acute GI illness rate

due to drinking water

0.06 episodes/person/year

16.4 million episodes/year

(or 8.5% of total cases)

Messner al. 2006
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Possible explanation for Laval Study observations

Distribution system of study
area prone to low pressures
and low chlorine residual.

Low level contamination
entering the system suspected.

Kirmeyer et al. 2001
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Risk of pathogen intrusion to distribution system

Lindley et al. 2002
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Research Continued...

Besner et al. 2010Friedman et al. 2004
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Hydraulic Modeling and QMRA

Modelling suggests
chlorine (≥ 0.2 mg/L)
can significantly reduce
risk of infection due to
virus intrusion under
relevant conditions of
low pressure events.

Yang et al. 2011
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Unanswered (and Site Specific) Questions

What is the contribution of tap water to endemic disease?

What is the extent of pathogen intrusion from low pressure events?

Is this a significant contribution to endemic illness?

Would a chlorine residual reduce endemic illness levels?

What is the role of premise plumbing?
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Knowledge Gaps

Millions drink chloraminated water.
(e.g. Toronto, Ottawa, Edmonton, Victoria)

Millions drink chlorinated water.
(e.g. Vancouver, Calgary, Winnipeg, Montreal)

Can a detectable difference in GI illness be measured
between systems using the two residual types?
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An analogy between a chlorine residual and seat belts

Nils Bohlin (1920 - 2002)Bohlin 1968
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An analogy between a chlorine residual and seat belts
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An analogy between a chlorine residual and seat belts

Chlorine Residual

Unbelted = No Chlorine

Belted = Chlorine

Contamination (e.g. sewage)

> 60 mph = > 10% v/v
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Key Messages - Maintaining a chlorine residual

Regardless, proper design, operation and management is essential
to protect distribution system integrity and public health. G200
compliance is a useful goal.

Chlorine provides negligible protection against protozoa, pathogens
associated with major contamination, and chemical contamination.

Provides protection against contamination involving bacteria and
viruses introduced via minor contamination or with significant
dilution (i.e. little chlorine demand)

Unanswered questions regarding benefit of a chlorine residual may
be elucidated by modelling and epidemiological studies.
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Thank You
lfuratian@kamloops.ca
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