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W
hat is Legionella?

y
A naturally occurring 
bacterium

y
Found in m

ost w
ater 

system
s

y
O

ften present in w
ater 

m
ains

y
Easily colonises m

ost 
dom

estic w
ater system

s –
hot and cold



Legionnaires' disease (also called legionellosis) is an 
uncom

m
on infection caused by a germ

 (bacterium
) called 

legionella. There are tw
o types of illness w

hich can develop 
after being infected w

ith this bacterium
:

•Legionnaires' disease. This causes a lung infection 
(pneum

onia). It is usually a severe illness w
hich is 

som
etim

es fatal.

•Pontiac fever. This occurs w
hen the bacteria cause a flu-

like illness. It is not usually serious.



<68°F &
 > 140°F





Legionella
w

as discovered after an outbreak in
1976 am

ong 
people w

ho w
ent to a

Philadelphia
convention of the

A
m

erican 
Legion. Those w

ho w
ere affected suffered from

 a type of 
pneum

onia (lung infection) that eventually becam
e know

n 
as

Legionnaires'disease.

29 Legionnaires died 
from

 cooling tow
er feeding an 

air conditioning unit.



From
 2014 to 2017, thousands of people in Flint, M

ichigan, w
ere 

exposed to dangerously high levels of lead after city officials 
began draw

ing w
ater from

 a nearby river. But the dangers didn’t 
stop there: Residents also suffered the third largest outbreak of 
Legionnaires’ disease in U.S. history, w

ith at least 87 people 
infected and 12 dead. N

ow
, a new

 study adds support to the 
idea that a drop in chlorine levels in the w

ater supply m
ay have 

sparked the epidem
ic.









A
n outbreak of Legionnaires' disease in U

nion C
ounty N

.J. 
has sickened 22 people betw

een
M

arch 8 through M
ay 13, 2019 and five people have

died.

M
O

ST RECEN
TLY



O
hio hospital reports patient death am

id Legionnaires' outbreak
A patient has died am

id an outbreak of Legionnaires' disease in a recently 
opened hospital, authorities said.
Author:Associated P

ress
P

ublished:10:34 A
M

 E
D

T June 3, 2019
U

pdated:10:34 AM
 E

D
T June 3, 2019

M
ount Carm

el confirm
s 1 death follow

ing Legionnaires ...
w

w
w

.10tv.com
/article/m

ount-carm
el-confirm

s-1...
21 hours ago ·O

ne person has died after they w
ere diagnosed 

w
ith

Legionnaires’disease
follow

ing recent treatm
ent atM

ountCarm
elGrove

City, 
the

hospitalconfirm
ed to 10TV Sunday

CO
U

LD IT HAPPEN
 HERE????



Legionnaires' D
isease

N
ew

s
H

elpfulinform
ation

about a grow
ing U

.S
. problem

M
ount C

arm
el G

rove C
ity

Subscribe to M
ount C

arm
el G

rove C
ity

S
even patients have been diagnos

The hospital is in suburban C
olum

bus.

M
onth-old O

hio hospital reports 7 ill in outbreak
•

S
trongsville S

ept. 23, 2019
•

P
arm

a S
ept. 24, 2019



The actions the hospital m
ust take are outlined below

:

•Flush all hot and cold w
ater lines and fixtures throughout the 

entire seven-floor, 200-bed facility

•Im
plem

ent im
m

ediate rem
ediation practices to disinfect hot 

and cold w
ater lines and fixtures

•Test and clean allice m
achines

•Ensure the tw
o on-sight cooling tow

ers are cleaned and 
serviced
•Provide any and all test results to the O

hio D
epartm

ent of 
H

ealth
•Provide w

ater m
anagem

ent plan to the O
hio D

epartm
ent 



•
True incidence of Legionellosis could be 20 
tim

es greater than the currently reported 
incidence.

•
In the U

S Legionella is the leading cause of all 
drinking w

ater outbreaks (Centersfor Disease 
Control and Prevention 2013). 

•
The annual cost of hospitalizations due to 
Legionellosis in the U

nited States is estim
ated 

to exceed U
S$716 m

illion (Giam
brone

2013)



The Centers for Disease Control and Prevention (CDC) has 
acknow

ledged that opportunistic prem
ise plum

bing pathogens 
(O

PPPs) are the prim
ary cause of w

aterborne disease in the 
U

nited States.¹ Legionella pneum
ophila, one type of O

PPP, can 
develop in w

ater supply system
s and result in Legionnaires’ 

disease, a severe form
 of pneum

onia. About 5,000 cases of 
Legionnaires’ disease are reported each year in the U.S., 
according to the CDC.²LEARN

 THIS ACRO
N

YM
That’s 500 
people/year w

ill die 



Should there be concern about the aging U
.S. underground w

ater 
infrastructure and Legionella?
O

lder w
ater infrastructure can be m

ore vulnerable to contam
ination 

through leaks and breaks. W
hen a leak or break occurs, it increases the 

possibility of O
PPPs like Legionella entering the infrastructure, form

ing 
in biofilm

s, and then being released into the w
ater supply.²⁶

Approxim
ately 240,000 w

ater m
ain breaks occur annually in the U.S., 

w
asting m

ore than 2 trillion gallons of treated drinking w
ater, according 

to the 2017 Infrastructure Report Card by the Am
erican Society of Civil 

Engineers. In addition, the report card noted that m
any of the 1 m

illion 
m

iles of pipes delivering drinking w
ater across the country have either 

reached –
or are fast approaching –

the end of their lifespans.²⁷ In 
addition, m

aintenance, repair and replacem
ent of w

ater m
ains has been 

associated w
ith m

ultiple large outbreaks of Legionella.¹⁴

(40 tim
es around the w

orld)



PRO
TECT M

E
O

PERATO
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W
HAT YO

U
 N

EED TO
 KN

O
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LU
N

GS FILLIN
G W

ITH FLU
ID



There are several key elem
ents that can prom

ote the grow
th of Legionella bacteria in a w

ater 
supply system

, including:
•

Excessive w
ater age.The longer w

ater sits in a system
 or piping in a system

, the greater 
likelihood the w

ater disinfectant w
ill dissipate over tim

e, leading to pathogen grow
th.⁸

•
Biofilm

.W
hen biofilm

, a sticky substance created by bacteria,form
son the inside w

all of w
ater 

supply piping, it protects Legionella from
 heat and disinfectant.⁹

•
Lukew

arm
 w

ater.Legionella grow
th is enabled by lukew

arm
 w

ater tem
peratures, usually in the 

range of 77 degrees Fahrenheit to 108 degrees Fahrenheit.⁹
•

Dead legs.A “dead leg” is caused by no flow
 or rare flow

 of w
ater in pipes.⁹

•
Insufficient disinfectant.Effective w

ater disinfectant strategies are necessary to control 
Legionella in a w

ater system
. For exam

ple, chlorination is one m
ethod used by w

ater districts 
to disinfect drinking w

ater that provides a lasting residual disinfectant.¹⁰
•

Inadequate corrosion control.Corrosion can occur in system
 pipes, depending on several w

ater 
quality variables, including disinfectants used, w

ater tem
perature and pH levels. Im

proper 
corrosion control can create the ideal environm

ent for Legionella grow
th.¹¹

•
Cross connections.Cross connections betw

een potable and non-potable w
ater can introduce 

Legionella into the potable w
ater supply system

.¹²



Sources of L. pneum
ophila

C
ooling tow

ers

show
ers

Ice m
achines

D
ental units

H
um

idifiers
H

ydrotherapy pools

Spas

Fountains

Feeding tubes

R
espirator

B
irthing pool



Sources of Aerosolized Legionella
•

Cooling tow
ers

•
Evaporative coolers (sw

am
p coolers)

•
M

isters (produce, recreational)
•

Decorative fountains
•

Spa pools, therm
al pools, springs

•
Hum

idifiers
•

Respiratory therapy equipm
ent

•
Dom

estic plum
bing (hot and cold w

ater)





“The rate of reported cases of legionellosishas increased 286%
 in the U

S during 2000–2014.”
“Approxim

ately 9%
 of reported legionellosiscases are fatal.”

“19%
 of outbreaks w

ere associated w
ith long-term

 care facilities and 15%
 w

ith hospitals”



Requires healthcare facilities to develop 
policies/procedures to inhibit m

icrobial grow
th in w

ater 
system

s

CM
S

REQ
U

IREM
EN

T S&
C 17-30

A facility m
ust…

…

9
C

onduct a facility risk assessm
ent

9
Im

plem
ent a w

ater m
anagem

ent 
program

 per A
S

H
R

A
E

 188 &
 C

D
C

 
Toolkit

9
D

efine and specify testing 
protocols/ranges for control 
m

easures &
 docum

ent 

C
E

N
TE

R
S

 FO
R

 M
edicare and M

edicaid S
ervices



CM
S

REQ
U

IREM
EN

T S&
C 17-30

•
Surveyors w

ill review
 policies, procedures, and reports docum

enting 
w

ater m
anagem

ent im
plem

entation results to verify that facilities:
•

Conduct a risk assessm
ent –

identify w
here Legionella and other opportunistic w

aterborne 
pathogens could grow

 and spread in the facility w
ater system

.

•
Im

plem
ent a w

ater m
anagem

ent program
 –

includes control m
easures such as physical 

controls, tem
perature m

anagem
ent, disinfectant level control, visual inspections, and 

environm
ental testing for pathogens.

•
Specify testing protocols and acceptable ranges for control m

easures and docum
ent the 

results of testing and corrective actions taken w
hen control lim

its are not m
aintained.

•
The Joint Com

m
ission, DN

V, ACHA
w

ill check for com
pliance and w

ill 
cite non-conform

ances; risk of citation for non-com
pliance.

27

DN
V –

DetN
orske Veritas (Detnorske" m

eans "The N
orw

egian", w
hile "veritas" is                                                                                 

Latin m
eaning "verity" or "truth".)

ACHA –
Am

erican College of Hospital Adm
inistrators



Elem
ents of a W

ater M
anagem

ent Program

Program
 Team

 
D

evelopm
ent &

Im
plem

entation
1234

567

D
escribe W

ater 
System

s
&

 Flow
 D

iagram
s

Analysis of B
uilding

W
ater System

s

C
ontrol M

easures

M
onitoring &

C
orrective Actions

C
onfirm

ation

D
ocum

entation

THIS IS W
HERE YO

U
 CO

U
LD CO

M
E IN

!



S
H

O
W

E
R

S
O

perate at ideal tem
ps

P
oor hygiene

Infrequently used

P
rone to scaling

C
reate aerosol



D
E

A
D

 LE
G

S
S

tagnant w
ater

A
m

bient tem
ps

B
reeding ground



W
hy Dead ends need to be flushed or rem

oved





Flushing D
ead Ends





S
TO

R
A

G
E

 TA
N

K
S

O
ver capacity

S
tagnation

O
ut of sight

P
oor flow

A
m

bient tem
ps



C
O

O
LIN

G
 TO

W
E

R
S

R
un at ideal tem

ps

O
pen to elem

ents

C
ontam

ination via 
w

ater supply

Interm
ittent use

D
rift affects w

ide 
area



Drift Elim
inator



Bio-tow
ers m

edia or Drift Elim
inators

Bio-Tow
er “High Rate Trickling Filter”

M
ust m

onitor disinfection residuals



LE
G

IO
N

E
LLA  W

H
AT  TH

E
Y  LIK

E
 !

•
Tem

perature range 20 -50°C (68 –
122 F)

•
Proliferates at 37 °C –

98 F
•

Requires nutrients
•

Slow
 m

oving / stagnant w
ater

•
Poorly m

anaged w
ater system

= perfect environm
ent



Requirem
ents for G

row
th?

yO
ptim

um
 tem

perature range 
of 20 -45 ⁰C  (68 –

113 F)
yFood source (other bacteria &

 
sedim

ents)
yPrefers stagnant conditions





For an aerosol ‘size is im
portant!’

>10 µm
 nose 

and throat

5-10 µm
 upper 

and low
er 

respiratory tract 

2-5 µm
 lungs 

and conducting 
airw

ays 

>10 
µm

 
>5-10 
µm

 

2-5 µm
 

Eg. 90%
 show

er aerosols 1-5 µm
“Don’t Breathe the W

ater”



Route of Infection?

y
Prim

arily through inhalation of 
aerosols, fine droplets &

 m
ists

y
Can be contracted by choking 
on contam

inated w
ater

y
Statistically m

ost susceptible
-50 to 70 year olds
-M

ales
-Sm

okers



‘AT R
ISK’ G

R
O

U
PS

0 50

100

150

200

250

C
ases

0-9
10-19

20-29
30-39

40-49
50-59

60-69
70+

A
ge in Y

ears

England &
 W

ales C
ases

M
ale

Fem
ale



C
H

A
IN

 O
F E

V
E

N
TS

Bacteria present in w
ater system

Slow
 m

oving / stagnant w
ater 

Adequate food source

Tem
perature range 20-50°C

Aerosol form
ed

People present



Legionella
Ecology

•
Legionella bacteria live in w

ater (prim
arily) and soil, can live 

inside protozoa
•

Favorable conditions:
•

Stagnant w
ater (dead legs in plum

bing)
•

W
arm

er w
ater (prefers: 77°F-108°F)

•
Presence of organic m

atter
•

Absence of residual disinfectant



AM
O

EBA



AM
O

EBA



B
iofilm

 grow
th on cooling 

tow
er pipe

B
iofilm

 grow
th on hot w

ater 
pipe

B
iofilm

 grow
th on plastic tubing

L. pneum
ophila

survival: 
Biofilm



Biofilm
 Form

ation



Food
Storage

Slim
e L

ayer

N
ew

 C
ells

O
xygen

Soluble O
rganics

C
ell

M
em

brane

N
H

3
C

O
2

H
2 O

A
dsorbed

Particle

E
nzym

es

W
astew

ater

(A
bsorption)

polysaccharide



•  

B
iom

ass   400X
                   7200X

N
eed Food to create Polysaccharide so they can stick together



CO
M

BATIN
G 

LEGIO
N

ELLA



Controlling Legionella bacteria
y

Tem
perature m

onitoring
y

Controlled release of w
ater spray

y
Avoid tem

p. conditions 68 -113⁰ F
y

Avoid w
ater stagnation -em

pty &
 clean regularly

y
Avoid m

aterials w
hich harbor bacteria

y
M

aintain cleanliness of spray outlets
y

W
ater treatm

ent w
here necessary

y
Ensure correct &

 safe operation of system
y

Flushing regim
e for rarely-used outlets



R
IS

K
 A

S
S

E
S

S
M

E
N

T

•
‘Suitable &

 Sufficient’ -all w
ater system

s
•

Review
ed regularly (bi-annually) and w

here:
•

change to plant / w
ater system

 or its use
•

change to the use of the building
•

new
 inform

ation about risks / control m
easures

•
tests indicate control m

easure are ineffective

•
Carried out by com

petent person



S
C

H
E

M
E

 FO
R

 C
O

N
TR

O
L

•
W

eekly flushing -infrequent use services

•
M

onthly tem
perature m

onitoring 

•
Q

uarterly show
er head disinfection / de-scaling

•
6 m

onthly storage inspections

•
Annual review

 of schem
e and risk level

•
Bi-annual review

 of the risk assessm
ent 

•
Cleaning and disinfection as required

REM
EM

BER
TO

DO
CU

M
EN

T



Contingencies to Regain Control
in Building W

ater System
s

H
ot & C

old
H

yperchlorination
Super 

H
eat & Flush

SH
O

R
T TER

M
R

EM
ED

IATIO
N

 STR
ATEG

IES



L8 states you m
ust m

aintain your tem
peratures as 

follow
s:

Cold W
ater O

utlets
These m

ust be below
 68°F w

ithin 2 m
inutes of 

running the outlet.

Hot W
ater O

utlets
These m

ust be above 122°F w
ithin 1 m

inute of 
running the outlet.



62 ACRES U
N

DER RO
O

F
H

2 O
 Plant

160°F

160°F



HO
W

 TO
 PRO

CEED

CO
LD

HO
T

W
ATER

CLO
SE

O
PEN



Plastic Pipe M
aterial

O
perating Tem

perature
W

ith Pressure
W

ithout Pressure

( oF)
( oC)

( oF)
oC)

ABS
-

Acrylonitrilebutadiene 
Styrene

100
38

180
82

PE -Polyethylene
100

38
180

82

PVC -
Polyvinylchloride

100
38

140
60

CPVC -Chlorinated 
Polyvinyl Chloride

180
82

180
82

PB -Polybutylene
180

82
200

93

PP -Polypropylene
100

38
180

82



CHECK FO
R IN

CO
M

PATIBILITY W
ITH PIPELIN

ES
•

HO
T W

ATER
•

DISIN
FECTAN

TS



©
 2015 Ecolab U

SA Inc. All rights reserved.

D
ISIN

FEC
TAN

T R
ESID

U
AL

TEM
PER

ATU
R

E

O
xidant and Tem

perature M
apping



H
ow

 Residual is Im
pacted

64



DISIN
FECTIO

N
Dom

estic W
ater –

Short Term
 and Long Term

C
hlorine 

D
ioxide

C
hlorine

O
zone

C
hloram

ine
U

V light
C

opper-Silver 
Ions

Super H
eat &

 
Flush

W
hy is chlorine dioxide so effective at controlling legionella?

First, chlorine dioxides potency is very im
pressive. It m

eans only a sm
all am

ount of the chem
ical is required to have 

the desired disinfecting effect. C
hlorine dioxide can kill off m

ore than just bacteria, too. Fungi w
ill also be eradicated 

w
hen the chem

ical is added to w
ater, along w

ith biofilm
. S

econd, its versatility m
eans it is suitable for use as a 

disinfectant in both w
ater and on hard surfaces depending on the situation.



U
sing a bacterial cell as an exam

ple here, inactivation of m
icroorganism

s during disinfection 
m

ay be due to: 

•
Disruption of cell w

all �
structural deterioration of cell

•
Diffusion of oxidant into cell �

disruption of vital functions

O
xidant

O
xidant

D
isinfection from

 the m
icrobial perspective



C
H

LO
R

IN
E

D
IO

X
ID

E

SO
DIU

M
 CHLO

RITE

Highly chlorinated w
ater

pH < 4



G
row

th Risk Potential

H
O

T W
ATER

LO
W

M
O

D
ER

ATE
H

IG
H

Tem
perature

≥124°F
123 to 118°F

<118°F
Free-C

hlorine
>0.3

0.1 to 0.3 m
g/L

<0.1 m
g/L

Total-C
hlorine

>0.5
0.3 to 0.5 m

g/L
<0.3 m

g/L

C
O

LD
 W

ATER
LO

W
M

O
D

ER
ATE

H
IG

H
Tem

perature
≤68°F

69 to 77°F
>77°F

Free-C
hlorine

>0.5
0.2 to 0.5 m

g/L
<0.2 m

g/L
Total-C

hlorine
>1.0

0.5 to 1.0 m
g/L

<0.5 m
g/L



CO
N

TRO
L LEG

IO
N

ELLA W
ITH CO

PPER SILVER IO
N

IZATIO
N









LE
G

IO
N

E
LLA M

O
N

ITO
R

IN
G

•Program
 for continual risk assessm

ent
•Early identification of problem

 areas
•Dem

onstrate effective control
•Visual inspection –

cleanliness / operation
•Com

pliance w
ith current guidance



Treatm
ent / rem

edial options
y

M
onitor tem

peratures; 20-45⁰C = risk range
y

Every 2 w
eeks -heat w

ater to 60⁰C (140 F) for 5 
m

ins
y

Add disinfectants / Chloros
as advised

y
Em

pty out the w
ater system

, thoroughly clean &
 

refill w
ith fresh w

ater every m
onth

y
Clean &

 disinfect spray heads every m
onth

y
Flush rarely-used outlets w

eekly
y

Arrange w
ith Estates for rem

oval of “dead-legs” 
y

Arrange w
ith Estates for sam

ples to be taken if 
risk exists (sam

pling is N
O

T a control m
easure –

it takes 10 days for results to be sent through –
it m

onitors w
hether your controls w

ork)



Temperature, °F 

D
isinfection R

ange
158 -176°F  

Slow
ly D

ie
122-158°F 
•

131°F ; die within 5-6 hrs
•

140°F ; die within 32 m
in.

•
151°F ; die within 2 m

in.

G
row

th R
ange

77 -122°F 
95 -115°F optim

um

D
o N

ot G
row

 W
ell

68-77°F 
Below

 68°F D
orm

ant

Cold W
ater Tanks

M
ains Cold W

ater

212 

176 

68 

104 

140 

32 
Proliferation Risk

Cold W
ater Services

Hot W
ater Services

Spas &
 Bathing Show

ers

Hot W
ater Storage

U
tility &

 Dom
estic Services

Tem
perature vs. Proliferation Risk

Steam
 Hum

idification

Hot W
ater Boilers

Cooling Tow
ers

Spray Hum
idifiers

HVAC Condensate



Drinking w
ater coolers

y
2 types generally available: 
y

U
sing large bottles of m

ineral w
ater

y
Plum

bed-in units
y

Legionella is not reported to be a problem
 w

ith 
w

ater bottle coolers, usually w
ork outside “critical 

tem
perature range”, 

y
1 reported instance of  Legionella bacteria being 
isolated from

 Activated Carbon filters in a 
plum

bed-in unit in N
ew

 Zealand –
replace as 

recom
m

ended by m
anufacturer.



Legionella Testing
Testing Inform

ation:
Testing w

ater for the presence ofLegionella
bacteria is reliably 

accom
plished by culture in an accredited m

icrobiology 
laboratory using w

ell-characterized and validated m
ethods. The 

m
ost pathogenic (disease-causing) strain ofLegionella

bacteria 
isLegionella

pneum
ophila

group.







Sheela Agraw
al, Ph.D.

Q
A/Q

C Specialist
N

EO
RSD Analytical Services

4747 E. 49th St
Cuyahoga Heights, O

H 44118
agraw

als@
neorsd.org

216 641 6000, ext. 2451

Contact at N
EO

RSD for Legionnaires’ Testing



Legionella
Action Levels (Best Practice)

Potable W
ater

Level
C

FU
/m

L
Recom

m
ended Action

1
Non-Detect

»
Acceptable control.  No rem

edial action required

2
10 or less

»
Im

m
ediately im

plem
ent corrective action by flushing 

affected outlets or system
s; or take other precautions.

3
M

ore than 10 and 
up to 100

»
Im

m
ediately review treatm

ent program
 and risk assessm

ent to 
develop rem

edial risk m
anagem

ent plan.
»

Im
m

ediately im
plem

ent corrective action by flushing 
affected outlets or system

s; cleaning; biocide treatm
ent; 

or take other precautions

4
M

ore than 100

»
Take prom

pt action to prevent em
ployee exposure.  

Im
m

ediately review treatm
ent program

 and risk assessm
ent to 

develop rem
edial risk m

anagem
ent plan.  Am

end risk 
assessm

ent accordingly and consider additional m
onitoring.

»
Im

m
ediately im

plem
ent corrective action by cleaning & 

disinfecting; superheating; shock dose chlorination; or 
take other precautions.

Colony Form
ing U

nits



Level
C

FU
/m

L
Recom

m
ended Action

1
Non-Detect

9
Acceptable control.  No rem

edial action required.

2
100 or less

9
Shock dose system

 with biocide.

3
M

ore than 100 and 
up to 1,000

9
Im

m
ediately review treatm

ent program
 and risk 

assessm
ent to develop rem

edial risk m
anagem

ent 
plan.

9
On-line disinfection with biocide plus dispersant.

4
M

ore than 1,000

9
Take prom

pt action to prevent em
ployee exposure.  

Im
m

ediately review treatm
ent program

 and risk 
assessm

ent to develop rem
edial risk m

anagem
ent 

plan.  Am
end risk assessm

ent accordingly and 
consider additional m

onitoring.
9

Off-line cleaning & disinfection with biocide plus 
dispersant.

Legionella
Action Levels (Best Practice)

Cooling W
ater



IN
 SU

M
M

ATIO
N



THAN
K YO

U

JEFFERSO
N

 /ASHTABU
LA CO

U
N

TY  O
PERATO

RS



TO
 AN

SW
ER PAT



Average person em
its 75cc CH

4/Fart
or 0.0025486 Ft3
127Ft3 geg

= 49,831 Farts=1 gal. of gas
0.0025486
Google says w

e average 10 to 20 farts/D
49,831/15 = 3322 days or 9.1 years



To Be Accurate Pat !!!!!
You M

ay Have M
ore O

ctane?

EQ
U

IPPED W
ITH

BACKFLO
W

 PREVEN
TER



Thank You for your question PAT
ALL Q

U
ESTIO

N
S ARE W

ELCO
M

ED ! EXCEPT Pat’s 


