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. ==pa-'£hgg‘ 5 pose the greatest and most
tzifle *"isk 1o drinking water safety,
mrmme removal and disinfection

== aramount concern.’
= 5* = Hrudey, 2004
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~ Waterborne illness can be brought on
by a single exposure.
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foimntest inal infection due to fecal
c'fﬂ] 1 tlon IS the primary concern
Jrlfi g the potential presence of
o_ru I00ENS! In drinking water

U I’Tfan

I — e ——

- Gelgir
COPpIT



VWA F ’@‘RN@_;T AN O

I i

SESTI ja:aﬁ - pathogens themselves is
[pIactical fromian operational
oem,w ive

= —\ Ve r_ely On measurement of disinfection and
—— ~ particle removal efficiency for real time

_,-- _.-f- - -

——
:'i-:‘fff:acontrol
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- — Testing for indicators of fecal contamination
(£. coli primarily) provides confirmation
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2 EA0USL] __ ‘athog'é'ns can| cause serious illness
- following a single exposure

- (omef Fver chemical contamination IS
yne} Based on lona-term consumption of

\fﬁ-E 3 exceedlng maximum acceptable
= Concentrations (MACs)

Gontrol of pathogen risk must never be

~ compromised in favour of controlling risk from
chemicals such as disinfection byproducts
(DBPs)
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2 Hooulgug@ ‘health surveillance is insensitive and
S JJkeJ/ ind! tol low-level endemic disease and

all [ gtiiigle Iargest outbreaks.”
.-E_?';--“:. Hrudey, 2004
= ;m_n -dlsease refers to the ongoing ‘background’ occurrence of
== llness in a population over time in contrast to the short peaks of

_-_,...1.—

— disease assoclated with point source outbreaks.
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— “The absence of detectable outbreaks must
not lead to complacency!
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SWANECEnlY published study friomi the US has found that
0ulfli=0) =L} e Water treatment reduced the incidence of
grurromze? lliness in people aged 55 years and older
oy & /é) although the tap water supply met current US
Water c ualltv standards

=

== arg e results of the study once again raise the issue of
"-:i—:;" endemic waterborne disease due to pathogens in treated
== _;Ilnnklng water, and the adequacy of current methods of

deflnlng drinking water safety
— Colford JM Jr, Hilton JF, Wright CC et al. (2009) American J Public Health
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o PrirrEies B Sifection:

PiSinfec .-ant applied at the source to provide
WESTRUICHoN| o Inactivation of pathogenic organisms
orume the first customer

ERSECor dary Disinfection:

" —— D Eﬁﬂéctant applied to water leaving a treatment plant
Jg-a —— to protect the distribution system

—= Inactlvatlon

Rendering a pathogen harmless (not necessarily
killing It)
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~OLUF rrictipig 'L\ G; ‘O mechanisms:

1. QAJdeEJ Alor upture of cell wall, consequent
reH rl ntegration.

'll-.--

2. itk on Into cell and interference with cell
e 16 Ity

s -l-l'_._ ——_—

,.#U’V disinfection: Damage of DNA and RNA to

.

- == ‘prevent cell replication.

: 4. Filtration: Physical removal of pathogens via
Size exclusion.
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functions of disinfectants

J_'“ rec U
DBPS
tr 01 zebra mussels

'r {

Removal of T&O, iron, manganese, colour
== Prevent regrowth in distribution systems
—f-':.-" — Improve coagulation and filtration efficiency

= - —  Prevent algal growth — sedimentation basins and
filters
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o “geggme@" “disinfection
— RecC JL]J{"‘O Py regulation i Ontario

— rie ymmended by most international
dlctlons to serve as a barrier against

:::~ 0 tamlnatlon due to loss of system integrity

Flowever some international jurisdictions do
~ not require a disinfectant residual in the
“distribution system (Driven by DBP concerns
as well as T&O)
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achleved Py maintaining a free or combined
re5|dual throughout the distribution system

= -f:chlorlne residual 1s a powerful disinfecting
Sager t but can also be unstable and difficult to

e -—

:" ~ maintain
—-'"__,__.-

""‘"f ~— Combined chlorine (monochloramine) is a much
- weaker disinfectant than free chlorine but this may be
somewhat compensated for by its greater stability
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> |f rroora 9 iate disinfection requwements
12 J_" 2N met at the source, the
plitions system (including plumbing) is
&= {ie final barrier to preventing waterborne
.. fséase
The distribution system has sometlmes
been referred to as the “final frontier” |

achieving drinking water safety
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Figure 2.1 Repurted waterborne disease outbreaks in the United States in comumurnty
associated with distribution system deficiency (Moe and FEheingans, 2000)
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ligdegUate treatment at the source?
— ermne Water IS disinfected — NOT sterilized

— ]‘fjr\ 6 ssage of some micro- organlsms IS to
| ( o @ 'aoected

| *,.f s ‘unlikely that water quality can be

_-_',...1.—
.__.—-—-

= improved once the water enters the

———

-~ distribution system

- —Water is generally consumed immediately
after treatment
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http://live.gadgetlife.org/images/news/categories/recalled.gif
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SAIIIEGEC ]u __ el treatment at the source?
— i iquwed continuous disinfection IS not being

orovJ,Jr g, an Immediate boil water advisory. IS
f ‘—‘F’é mended” Environment and Conservation

Government of Newfoundland and Labrador - Canada

moblologlcal sampling Is generally most intense In
.:_f -t‘he distribution system rather than immediately after

— (reatment

> Monitoring in the distribution system often provides
the first indication that something has gone wrong at
the plant!

P
r-l'-"
_.—’_‘-_
— i —
-
-

—



I i

"*T?Dl ON Svﬁw
vuu\ ABW-.

e IIUIISION ofi pathogens

— _)JJFFJQﬁ |on/storage systems are not
C Qrg@ etely ISolated from the environment

=Some entry of micro-organisms is to be

_-"_—-h-

= _P;Xpected

I'i;;":"' Steps must be taken to prevent the entry of
.~ pathogenic organisms and/or ensure that they
are inactivated prior to the consumer
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° JrJ'trus]Qg_-" can occur because
Of: |
— Jep 2 surlzatlon due to watermain breaks...

= ‘ﬁtamlnatlon during maintenance,
== Ansta'llatlon Or repairs

?: Inadequate storage facility protection
- _ Cross connections/backflow
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> Mz giztigligle] water pressure is the most
enr\guva tt)ol I preventing the intrusion of
PEllIO0E ens into the distribution system.

=\ ‘v‘z’l ‘Téloss of pressure may allow the ingress
== of pathogens, negative pressures can actually

'-'-"-_

?;--f-draw them In
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B IBUTION SYSITEV]
\/U NERABILITY

VE pressures can e a result o “normal™ system: eperation
SBElre transients (surges, water hammer)

> Negjeti
= Pre

ES o 0 o :l_

Negative pressure for greater than 16 seconds Gullick et al., 2005
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ISGLIENR potentiall source of contamination?
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B IUISION O Pat 'oes — case study
=SGahool, Missouri - Dec., 1989 — Jan., 1990

— £, U// entered distribution system, likely during 45
vvmrqY neter replacements and/or 2 large watermain
'--_' el S 3

=~ Concurrent sewage overflow?

-'—"'- -
e
*_

= Only limited flushing

—— Super -chloerination was not practiced

—

3 ~ — Nosampling prior to return to service
— 243 1ll, 32 hospitalized, 4 deaths
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SISIoN oI Pathegens —
— Glel=apl \’ |Ssour| 1993
— ff//fun#, typh/mur/um entered distribution system, bird
dreppIngsientering tank was most plausible explanation for
C oruaf_& jation
= Glour water supply thought to be secure
e \ 0 prlmary or secondary disinfection

s — _ffercl( of adequate monitoring

-i.lb—

__;-a = Distribution system in poor condition

--=

~ e Taste & odour problems from time to time triggered flushing

J — Drawdown of contaminated storage tank during extreme
= ' flushing increased contamination in the system

— [Late recognition of outbreak and issuance of boil water advisory.
— 650 ill, 7 deaths

udy
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SRREGIOWEN ‘_'tei'ithlrl the system

1.

— Belgief] a that enter a system: may persist and multiply
— he_‘_p rred nabitat Is attachment to surfaces

U elleved that biofilms (a dynamic
S = m eroenvwonment composed of bacteria in an
= "Extracellular matrix attached to a surface (Slime!))

Z"-"':-‘-*:-are present in all distribution systems to some degree

e
i
=
_—

=



BIERIBUTION SY.

g . e —

VULNERA IR R




SURIBUTTON SYSTEM e

YBINERABILITH

| Hydraulic variations —

Temperature, particulates Flanktonic microorganisms

I{ba::l;ena amoebae, fungi etc)
= Mutrients, pH, oxygen ,_..,__

= Tastes and odours
. Disinfectant residual

Mechanical cleaning r‘ Invertebrates
R T

Type, quality, age and Etru::ture nf matenalf.
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Ssigiicar f:o‘ “regrowth
IITIE; r anlsms that grow: in: biofilms have been

was opportunistic pathogens

y may. be of little threat to the healthy population but can
*i"‘e 1@ serious threat to susceptible people such as those that

.
'_—-l- -'

e are lmmunocompromlsed
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o Whlle organisms that actually grow within biofilms
——?f..-”' _ may not present a threat to healthy individuals, the
- Diofilm environment can help any introduced

pathoegens persist for a longer period of time
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ol gn]'f]-g_ € Off regrowth
B iipeact on interpreting the significance of
nicHo gielegicall monitoring results due to

| Jm ‘eased| coliform positive samples and
elevated heterotrophic plate counts (HPC)

_;:,' => Boil water advisories?
- —Can lead to generation of tastes, odours or
- other undesirable water quality changes

— Potential for increased corrosion
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irication
SANmICHC Jai process by which ammonia is sequentially.
omlve 'tos nitrite and nitrate

— Cc i"‘~o cur in systems with a natural presence of

.-_.__.-.—

_ ---'_—;n ienia but IS more common In systems that add

-l-l'_._ _—

-;: = S mmonia to convert free chlorine to chloramine

'_—"'5-:-*

-~ — Decreases chloramine residual in the system

e
i

- = Increases nitrite and nitrate which can be a health
risk for infants (methemoglobinemia)

=
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2 A\ppropr—.}::v"" the source;

BNI60 removal as determined by meeting C*t
reqLurrr“ lents represents % rather than absolute
JrL,l,f‘*'E '"atlon

= Source waters Impacted by high pathogen loading

e —

-;: == -may Tequwe higher log removal targets

I i

— i

—

r_{jj‘f “Although' log removal may be adequate, this does not
: - necessarily mean that the water will be biologically
stable upon entering the distribution system

=



Organisir |c2 |Time |CtFac Reduction | Reference
Gl )
- - :
P min/l)
Carnoylobecrs f__ﬁ: : 5 0.5 99.99 Blaser et al,
Jeiurni e 1986
e -
— Salw Jﬂ’.—lﬁﬂ/‘ 105 6 3 99 Korol et al,
— P 1995
e
— é%a_‘.'"virus 0.5-1 30 22.5 100 Keswick et al,
o 1985
Cryprospora/um. | 80 90 7200 90 Korich et al,
parvum 1990



http://www.cdc.gov/ncidod/dbmd/diseaseinfo/campylobacter_g.htm
http://www.cdc.gov/ncidod/dbmd/diseaseinfo/campylobacter_g.htm
http://www.cdc.gov/ncidod/dbmd/diseaseinfo/typhoidfever_g.htm
http://www.cdc.gov/ncidod/dbmd/diseaseinfo/typhoidfever_g.htm
http://www.cdc.gov/ncidod/dvrd/revb/gastro/rotavirus.htm
http://www.cdc.gov/ncidod/dpd/parasites/cryptosporidiosis/default.htm
http://www.cdc.gov/ncidod/dpd/parasites/cryptosporidiosis/default.htm

LENECIING THE DISTRIB

SYSTEM e

o Dray er"]n’f pait @gen ntrusion
— Selfg 004 atlons and maintenance practices
r\\/JJF off pressurization and fix leaks

.-- =% =
i

e [even ’tcontamlnatlon during maintenance,
— SE l atien or repairs

-l-l-_._—

= Disinfect and sample prior to return to service

- ——
= = £
'-F_ -

s

~ — Secondary disinfection

- * Maintain an adequate disinfectant residual throughout the
system

— Control cross connections and backflow

—
=
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SIEVENTING regrowth of bacteria
— Pravie Je dequate disinfection at the source

— _nutrlent removal (enhanced coagulation,
o}.r og caI filtration, activated carbon adsorption)
=k ’re Aecessary

i
-r' --l-_._—

.:; — — Minimize water age in the system

i‘

. —

= u..-‘lnspect maintain and keep the system clean

- — Maintain secondary disinfectant residuals
s Switch to a chloramine rather than free chlorine residual?
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Hre\/eru _L, itrification

— Ooerr 2 chlorine torammonia ratio applied at
rnm ant to minimize free ammonia residual

pproach but do not exceed 5:1 Cl,:NH;-N.
> ,_ = linimize water age
,_ : -Keep the system clean
- — Incerease chloramine residual
— Periodically switch to free chlorine?
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uCipated Benetits o "Secondary”
rJJJJmec..

— Q\/efc oIme contamination that might be
AL duced Into the system

= Vinimize growth of micro-organisms within
~—  the system

~ = prevent biofilm formation

-~ eDrevent occurrence of opportunistic pathogens

e Stabilize water quality in the system
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hiave shewn that;

JQrJr ‘remduals may be overwhelmed by
lOFJs ?e demand during contamination events
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Wil eRel] Sinfectant residuall can be
riglgitl ,E | controlling the regrowth of
OJJUF 15 and biofilm within a distribution
— /stem, total elimination of biofilm growth
— -Ianhkely

—':: - Pathogens may survive If introduced by

~Intrusion and opportunistic pathogens may
grow In numbers

S GONDARY DlsTﬁ”FECTlo "
LIV TlON‘S-&r
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w DARY Dlsm‘ﬁECTlo
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1ditions for introduced! pathegen
e (especially in biofilm) include
under low or no flow, and time
t@ contact with disinfectant

. _J "__—-|- -\.._.-1—-
— ._,-.-_._ N

= Conditions often experienced during main
r_5;':~":ﬂbreaks and repairs!

iy e ———

AWWA Journal Oct. 2008
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NIVIRATIONS = -

F\OJ‘_\rJLL—)-f residuallcan senve as a SICln of
(OﬂfslfﬂJfLE IOﬂ

rlovve_v_ 2 |n distribution, the residual may also
ed or lost for a number of other

JEredL
-~ reas '_S

- _'__.lli__ _: 3 =
"E"

- = Water age

E m—
=__

e

T Corrosmn related reactions

" _ Reactions with sediments and deposits within a
system
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SNAY lmrage acted! loss of residual disinfectant
S cal 1,4— concern and Investigation.

__:gl:{ 5 have an understanding of
na al™ levels throughout the system
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SMVESTigation of loss of residual should
roru(lr\r ' |
— rregu .ent preblems?
= Qc atlonal changes?

= =\Water age changes?
= _“Malntenance and repair work?
_ '_"f" — Backflow?

— Security breeches?
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SRDISITECtIonN| by- products (DBPS) are compeunds
Widici rurﬂ 'formed Py unintended reactions
o~rvv~a *dlsmfectants and source water

rom ﬂents

SS/hile a significant fraction of chlorination DBPs

——

.E- .

= may form during primary disinfection, continued
~ ~ reactions with free chlorine, or in some cases
~chloramine, in the distribution system can lead
to MAC exceedances.
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SEHENYESHIN treatment at the plant may result in
Immzem 2d dlconsequences such as increased
SOIOSION 1 o1 destabilization of deposits and
ororé Ve films

o= "‘Ehangeover from free chlorine to chloramine as a

= secondary disinfectant in Washington D.C. resulted in

_'L: -~ severe destabilization of deposits in lead service lines
- and extremely elevated drinking water lead levels

R — e — i R

=



SININGENDED CONSEQUEN
SESONDARY DISINEECT

SMOOISUMER CONCEmns:
ECHIGHNOUS tastes & odours
ESaiety/— dninking bleach?

* it is not considered necessary at this time to establish a
& guideline for chlorine in drinking water, based on its low
= loxicity at concentrations found in drinking water as a result
~ of treatment. Any measures taken to limit the concentration
- of chlorine or its by-products in drinking water supplies must

~— not compromise the effectiveness of disinfection.”
- % Health Canada, June 2009

* NOTE: health Canada has set an MAC of 3 mg/L for
chloramines
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REIBOERIC OrganISmS are the greatest threat to
Il NWalter safety

S ARSECI e distribution system is the last barrier
for o1 etection all the way to the tap

=t _J_ge 1S/to control chemical risks must not result
= n Acreased microbiological risk

=5 dlsmfectant residual can be an important

— 13'rotect|ve measure but cannot replace due

- diligence in maintaining all of the multiple
parriers which are available
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