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Taylor et al. (2001) identified 1415 species, representing
636 genera for their public health significance
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Category Total PubMed* Biosis Web of Science Total of PubMed,
genera Biosis, and Web of
screened Science

Bacteria 140 Coliform® (18) Coliform® (18) Escherichia (21) Coliform® (51)

Escherichia (10) Escherichia (11) Coliform® (15) Escherichia (42)
Clostridium (2) Salmonella (6) Clostridium (6) Clostridium (13)
Enterococcus (2) Clostridium (5) Legionella (4) Salmonella (10)
Legionella (2) Legionella (4) Bacteroides (3) Legionella (10)
Photobacterium (2) Enterococcus (3) Salmonella (3) Enterococcus (5)
Aeromonas (1) Shigella (3) Campylobacter (1) Bacteroides (5)
Alcaligenes (1) Bacillus (2) Citrobacter (1) Mycobacterium (4)
Bacteroides (1) Mycobacterium (2) Helicobacter (1) Citrobacter (3)
Citrobacter (1) Pseudomonas (2) Mycobacterium (1) Helicobacter (3)
Helicobacter (1) Streptococcus (2) Photobacterium (1) Photobacterium (3)
Mycobacterium (1) Aeromonas (1) Vibrio (1) Shigella (3)
Salmonella (1) Bacteroides (1) Aeromonas (2)
Staphylococcus (1) Campylobacter (1) Bacillus (2)
Vibrio (1) Citrobacter (1) Campylobacter (2)
Yersinia (1) Helicobacter (1) Pseudomonas (2)
Photobacterium (1) Stapylococcus (2)
Stapylococcus (1) Streptococcus (2)
Yersinia (1) Vibrio (2)
Yersinia (2)
Alcaligenes (1)
Fungi 130 None reported Aspergillus (1) None reported Aspergillus (1)
Cunninghamella (1) Cunninghamella (1)
Prototheca (1) Prototheca (1)
Helminthes 136 None reported Trichuris (1) Trichuris (1) Trichuris (2)
Protozoa 25 Cryptosporidium (13) Cryptosporidium (31) Cryptosporidium (27) Cryptosporidium (71)
Giardia (9) Giardia (21) Giardia (20) Giardia (50)
Viruses 205 Enterovirus/Poliovirus Enterovirus/Poliovirus Rotavirus (3) Enterovirus/Poliovirus
(and prions) (14) ®) (23)
Hepatitis A (1) Hepatitis A (2) Enterovirus/Poliovirus ~ Rotavirus (5)
()
Noroviruses (1) Rotavirus (2) Hepatitis A (1) Hepatitis A (4)

Noroviruses (1)
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Microbes of interest

. . . Bacteria Protozoa & viruses
Exhaustive literature review
= >1400 microbes (representing >600 _
*Coliforms oAcanthamoeba
genera)
- Different d_atabases (Biosis, PubMed & . ciridium oCryptosporidium
Web of Science)
¢ Selected 20 based on: *Enterococci oGiardia
= Citations,
- *E. coli (Non-path i Naegleri
= Difficulty of treatment, coli (Non-pathogenic) oraegiena
* Public health Slgmflcance’ °E. coli (pathogenic) »Enterovirus
= USEPA CCL3 list and
= Project Advisory Committee input “Helicobacter »Hepatitis A
»Noroviruses
*Mycobacterium > Rotavirus
*Salmonella »Bacteriodes phage

-Shigella »Coliphage
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Significance of Microbes

Category Organism (group) Highlighted in Citations® Efficacy Epidemiological
survey of industry Chlorine”  Ozone UV® Filtration  significance
Protozoa Acanthamoeba No ND Low Moderate Unknown High Moderate
Cryptosporidium Yes 71 Low High High High High
Giardia Yes 50 Low Moderate High High Moderate
Naegleria No ND® Low Moderate Unknown  High High
Phage Bacteroidales phage Yes ND® High High High Low None
Coliphage Yes ND® High High High Low None
Viruses Enterovirus Yes 23 Moderate High Low Low High
Rotavirus No 5 Moderate Moderate Low Low High
Hepatitis A No 4 Moderate High Low Low Moderate
Noroviruses No 1 Moderate High Low Low High
Bacteria Coliforms Yes 51 High High High High Low
Clostridium Yes ND° Moderate Moderate Moderate High Moderate
Enterococci Yes NDf High High High High Moderate
E. coli (non-pathogenic)  Yes 42 High High High High Moderate
E. coli (Pathogenic; e.g.,  No NSD# High High High High High
0157)
Salmonella Yes 10 High High High High High
|__Legionella Yes 10 Moderate Moderate High High High |
Mycobacterium No 4 Moderate High High High Moderate
Shigella Yes 3 High High High High High

Helicobacter No 3 High Low High High Moderate




Legionella

« Aerobic, non-encapsulated, non-spore forming,
Gram-negative bacterium

» Consists of approximately 50 species
consisting of 70 serogroups

» L. pneumophila has at least 35 serotypes

* Requires cysteine and iron for growth




Legionella Ecology

- Widely found in diverse water environments - groundwaters,
drinking water systems, seawater and reclaimed water systems

- Engineered systems — hospitals, spas, cooling towers, humidifiers,
ice machines, vegetable misters, cutting oils, etc.

« grow best at temperatures from 20°C to 42°C

* Acid tolerant and thermotolerant- surviving 50°C for several hours
and tolerate temperatures up to 66°C

 Infect free-living amoebae such as Hartmanella sp.
and Acanthamoeba castellanii.




Legionellosis

- Legionnaire's disease - acute, sometimes
fatal, pneumonia-infection. Nationally notifiable.

* Pontiac fever - self limiting mild iliness

« L. pneumophila serogroup 1 is responsible for
about 95% of the Legionnaires' Disease cases

- Causes 8,000 - 18,000 infections/year. Infections peak during
summer months. About 4-5% of all pneumonia. Mortality 5-30%

« At risk individuals are >50 years age, immunocompromised,
smokers, or those with chronic lung disease

+ Infection acquired through inhalation

* In the lungs, the organism is engulfed by alveolar macrophages
where they multiply and grow


//upload.wikimedia.org/wikipedia/commons/f/fe/TEM_image_of_Legionella_pneumophila_within_a_phagocytic_cell.tif
//upload.wikimedia.org/wikipedia/commons/f/fe/TEM_image_of_Legionella_pneumophila_within_a_phagocytic_cell.tif
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Drinking Water Disease Outbreaks, 1971-2010

&0

Waterborne Disease and Outbreak
1% Surveillance System 2009-2010

M Legionella

B Other Bacteria

M Parasites
B multiple
M viruses

m chemical

Mo. of outbreaks
=
[
|
|

204

|
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1971 1974 1977 1580 1983 1984 1555 1952 1995 1998 2001 2004 J007T 2010
Year

Morbidity & Mortality Weekly Report. 62(35):714-720, September 6, 2013. 10



* 100 mL filtered through 0.45 ym pore size
* Filter placed in 10 mL phosphate-buffered solution
* Vortexed for 30 seconds

- 1mL mixed with an equal amount of acid (HCI-KCI, pH= 2.2 for
15 minutes, then neutralized with KOH-KCI.

- 0.1 mL spread-plated on BCYE agar supplemented with L-
cysteine

* Incubated at 36.5° C under 2.5% CO, with
91% relative humidity for up to 10 days

- Typical colony is gray-white with a textured,
cut-glass appearance

- Verification by latex agglutination teststo | ~
determine serotype
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Legionella PCR Methods

Evaluated two targets:
- Macrophage infectivity potentiator (mip) gene
- 23S-5S rRNA gene spacer region

PCR Sensitivity

700 bp

300 bp

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

PCR Specificity
- 99-100% identity with Legionella pneumophila
(Philadelphia-1 strain, ATCC 33152),
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Viable Legionella w/ ethidium monoazide

1.00E+07 -

1.00E+06 -
€ 1D0E:+05
== EL‘ 1.00E+04 - .
% " E y—— i Cufture
- £ 100E+02 - —HareR
3 e —de=EMA-GPCR
dead cell LDJ 1 .00E+00 r T T T T T T 1
1 o 15 39 64 77 102 113 115
. . Ct
£ u ~— Peracetic acid
Concentration GU/mL %
Utilit .
y qPCR EMA-qPCR Viable
TX - #27 45 18 40
FL - #30 28 11 39
CA - #4 339 125 37
FL - #31 517 120 23
Allows PQR todetectonly |———t— > -
viable cells AZ - #33 8 4 50
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Legionella in Reclaimed Water

Characteristics of reclaimed water - growth/risk of Legionella
« Warm water
* High level of AOC
* Nollittle disinfectant residual
« Little distribution system cleaning/ flushing/ maintenance
* Spray irrigation

400
MW Effluent M Distribution

* 11 of 19 (58%) utilities

300 - positive

* 15 0of 38 (39%) samples
positive

CFU / mL

100 - o 5 effluents & 10 DS

positive
0 | uIILJJﬁ

#1 #2 #3 #4 B85 #6 BT #8 #20 #21 B22 #26 827 529 #30 531 #32 #33 #5306 L 115 CFU/mL |n DS, 60
Utility CFU/mL in effluent

14



Chlorophyll a (ug/mL)

300 4

250 A

200 A

150 -

100 -
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Physical Chemical Operational Biological
Temperature (°C) pH Design Total coliform (cfu/100mL)
Conductivity Flow rate (gpm) Legionella (cfu/100mL)
Corrosivity (mpy) Nitrogen (NO,-N, NO;-N, NH;-N; Hydraulic pressure (psi) E. coli (cfu/100mL)
mg/L)
Dissolved oxygen (mg/L) AOC (mg/L) Detention time (days) Heterotrophic bacteria (HPC/mL)
Total suspended solids (mg/L) BOD (mg/L) Flushing Algae
Turbidity (NTU) COD (mg/L) Reservoir management
TDS (mg/L) Aeration - mixing
Total chlorine (mg/L) Short circuiting
Free chlorine (mg/L) Run-off control
Phosphorus (mg/L) Cleaning and dredging
Salinity (mg/L) Distribution system operations

DPBs (HAA, TTHM; pg/L)
TOC (mg/L)

H,S (mg/L)

Fe** (mg/L)

Mn?* ( mg/L)

Chlorophyll
R20.625

Effluent (n=5) Distribution (n=10)

Legionella Positive

Effluent (n=14)
Legionella Negative

Distribution (n=9)

AOC (hg /L)

15000 -

12500 -

10000 -

7500 -

5000 -

2500 -

AOC
R20.385

Effluent (n=5)

Legionella Positive

Distribution (n=10)

Effluent (n=14)

Distribution (n=9)

Legionella Negative
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Evidence of Regrowth

Legionella

CFU/ mL

400

300

200

100

— L

B Effluent M Distribution

#1 #2 #3 #4 #B5 HO6 #7 #B H20 H21 #22 H26 H27 #29 #30 #31 #32 #33 H36

Utility

AQOC levels

10

1

Hg/L

0000

0000

1000

100

10

m Effluent

m Distribution

H#1 H2 H3 H4 H5 HO H7 #HE8 H20H21#22 H26H27 #2909 H30 H31 #32 H33 H36




Microbial Regrowth

= Low disinfectant
* Warm temperatures

easily and slowly easily assimilable
biodegradable organic carbon

= Abundant food source . compounds

(Ie DOC’ BDOC’ AOC) Disinfection Breakdown of organics

= Coagulation, sedimentation,

filtration reduce BDOC Chlorine
AOC

or other :> Rolonee Microbial

growth

=  Chemical disinfection increases chemical
oxidants U
biodegradable compounds

Loss of residual




Selection of Systems for
Extensive Monitoring

Selected systems based ;“h‘yz

Utility5

on.

Legionella occurrence
Production capacity

Treatment technology B
Disinfectant, i
Storage type etc

Utility33

——— Utility20

——— Utility21
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Detection of Legionella

% Occurrence Concentration /mL

gPCR EMA- |Culture
(GU) |qPCR (GU)| (CFU)

Utilit
y gPCR | EMA-qPCR | Culture

N = 20 samples, March to December, 2014
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Water Quality Summary

- AOC | TOC | Nitrate |[Ammonia| Nitrite |Phosphorus TOt?I Freg Turbidity Water
Ity | (ug/L) |(me/u)| (me/L) | (me/L) | (me/t)|  (mgry | CMiorine | Chlorine |5yt pH | Temp.
(mg/l) | (mg/L) e
TX-#27 662 7.6 19.6 0.4 0.2 15.9 0.4 0.1 3.6 7.1 24.0
FL - #30 1629 15.8 2.0 0.7 0.5 5.1 0.2 0.1 6.2 7.7 25.6
CA-H#4 1564 | 10.7 2.5 4.7 0.8 2.3 1.1 0.1 11.4 8.1 21.7
FL-#31 1402 17.0 1.4 15.0 3.0 1.5 1.2 0.1 1.4 7.1 24.9
CA - #32 1079 10.2 1.3 33.6 0.4 1.8 ( 3.0 0.1 1.9 6.9 27.7
/ N /\
AZ - #33 ( 505 4.7 2.7 0.3 0.0 4.7 0.5 0.3 ) 0.6 7.7 28.7

N———
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Legionella and Amoebae

 Intracellular Legionella in: Acanthamoeba, Amoeba,
Comandonia, Echinamoeba, Filamoeba,
Hartmannella, Naegleria, Paratetramitus, Vahlkamfia,
Tetrahymena, Dictyostelium

- Legionella survive for months, resistant to 50 mg/L
free chlorine for 18 hr

« Coated with amoebal proteins
* Increases virulence, replication

+ Legionella-containing vacuoles expelled prior to
encystation

* Trophozoite stage sensitive to disinfectants
(CTggo = 1.5 mg-min/L)
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Trophozoite Concentration

10 -

i Trophozoites @25°C

- Trophs | Trophs

8 - Utilit
- Y | 25¢ | 42c
g 7 X - #27 74 82 B Trophozoites @42°C
o
S FL - #30 59 73

6 o
=z CA-#4 | 68 73
% 5 - FL - #31 36 60
= cA-#32 | 13 36
o 4 AZ-#33 | 58 84
>
o 3 -
CIJ
G

#27 #30 #4 #31 #32 #33

=

Chloramines

23



* AMERICAN WATER

Conceptual Risk Model

A. Legionella in biofilm or
amoebae

Detachment
Aerosolized
Inhaled

Deposited in lungs

Mmoo

Critical range: 3.5 103 -3.5 105 cfu/mL

Schoen and Ashbolt. Water Research 45(18): 5826-5836, 2011
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Managing Legionella Risk

- Determining Legionella densities, species and serotypes
— Methods for culture and PCR

- Emphasis on maintaining a disinfectant residual
— Some advantage for a chloramine residual
- More persistent AOC resuls
[EMmA-1f. OB -50f OC-100 ft. WD - 150 f.
- Impact on encycstation
— Investigation of other biocides
- peracetic acid?

2000

1500

1000
500
0 -
Control Chlorine Chloramine

* Distribution System BMPs From Jjemba et. al. 2010, WRF — 05 — 002
— recommendations from project WRRF-11-03

AOC (ug acetate C/L)
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Lessons from Real Life:

San Francisco, CA

= 53 buildings

= Sampled 3 times pre- and post-conversion to chloramines
= Sampled hot water heater and four distal sites

= Sampled swab and water from distal sites

= Surveys collected data on building age, height, type and number of
hot water heaters

= pH, temperature, free or total Cl, residual measured for each sample

Flannery, B. et al. 2006. Reducing Legionella colonization of water systems with
monochloramine. Emerg. Infect. Dis. 12(4): 588-596.

http://www.cdc.gov/ncidod/EID/vol12n004/05-1101.htm.
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http://www.cdc.gov/ncidod/EID/vol12no04/05-1101.htm
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Summary

- Legionella is an emerging public health concern for utilities

- There is a gap in information on the ecology of free living
amoebae & currently risk models are incomplete

= Need faster, more accurate methods

- Existing data demonstrates that Legionella spp. are present in
water distribution systems and premise plumbing

= Legionella association with amoeba increases numbers, occurrence,
virulence and resistance to chlorination

- Evidence to support chloramination better than strong
oxidants for Legionella control

= Focus on maintaining a disinfectant residual, regular flushing/cleaning
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WE CARE ABOUT WATER.
IT'S WHAT WE DO.

Contact Information:

Zia Bukhari, Ph.D.

Innovation & Environmental
Stewardship

American Water

1025 Laurel Oak Road

Voorhees, NJ 08043 USA
phone: (856) 727-6165

fax: (856) 727-6199

e-mail: zia.bukhari@amwater.com

AWK
NYSE

29



