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Microbial Ecosystems in Infrastructure. 
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Drinking Water Microbial Ecology. 



Drinking Water Microbial Ecology. 

 Broad implications for public health and 

wellbeing. 

 

 Significant impact on industry. 

 

 A vast unexplored potential. 



Drinking water microbiology. 

What? 

How? 

Why? 



The drinking water environment is  

substrate-limited and chronically-stressed. 
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Every liter of  tap water contains  

millions of  microbial cells. 
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Adapted from Hammes et al, 2010 



Microbial life at the tap is diverse. 

106-108 cells per liter 



Drinking water microbiology. 

What? 

How? 

Why? 



Research has been driven by a narrow view of   

“why the drinking water microbiome matters”. 
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Drinking water microbial studies have 

primarily focused on pathogens. 
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Microbial community approach can help reshape 

out water infrastructure and policy. 
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A microbial community level understanding 

is feasible. 



Sequencing can not only reveal who is present in 

a sample,  



Sequencing can not only reveal who is present in 

a sample, but also what they can do. 



The possibilities of  sequencing based 

monitoring are rapidly changing. 



The possibilities of  sequencing based 

monitoring are rapidly changing. 



Sequencing in the field in real time. 

http://theconversation.com/ 

www.nature.com 



We are developing pipelines for real-time 

monitoring of  water microbiology. 
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We are developing pipelines for real-time 

monitoring of  water microbiology. 
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Drinking water microbiology. 

What? 

How? 

Why? 



Managing the impact of  microbial communities in 

drinking water is central to safe water provision. 
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Majority of  microbial impacts are not yet well 

understood or managed. 

Infrastructure  

Damage 
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In UK, 

25% of water is lost 

170 main bursts per 1000 km 

In USA, 

15% of water is lost 

150 main bursts per 1000 km 



Integrate other microbial risks into disease 

monitoring framework. 
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Is 99.9% compliance good? 
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Is 99.9% compliance good? 
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Is 99.9% compliance good? 
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Water quality monitoring is an  

expensive & inefficient forensic exercise. 



Developing an alternative to this  

“Event Detection and Mitigation” paradigm. 
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Event Prediction and Correction Approach. 

Comprehensive 



Event Prediction and Correction Approach. 
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Event Prediction and Correction Approach. 

Comprehensive 

Resource smart 

Monitoring 
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Extract community level traits for 

exploitation in predictive framework. 



Extract community level traits for 

exploitation in predictive framework. 

key features of  drinking water 

bacterial communities. 

6 



-0.32

0.32

-0.45 0.45

P
ri

n
ci

p
le

 c
o

-o
rd

ii
n

a
te

 2
 (

6
%

) 

Principle co-ordinate 1 (22%) 

Temporal change in community structure. 

Jun-10 

Jul-10 

Aug-10 

Pinto, et al (2014) mBio 



-0.32

0.32

-0.45 0.45

P
ri

n
ci

p
le

 c
o

-o
rd

ii
n

a
te

 2
 (

6
%

) 

Principle co-ordinate 1 (22%) 

Temporal change in community structure. 

Jun-10 

Jul-10 

Aug-10 

Sep-10 
Oct-10 

Nov-10 

Dec-10 

Jan-11 

Feb-11 

Mar-11 

Apr-11 

May-11 

Pinto, et al (2014) mBio 



-0.32

0.32

-0.45 0.45

P
ri

n
ci

p
le

 c
o

-o
rd

ii
n

a
te

 2
 (

6
%

) 

Principle co-ordinate 1 (22%) 

Temporal change in community structure. 

Jun-10 

Jul-10 

Aug-10 

Sep-10 
Oct-10 

Nov-10 

Dec-10 

Jan-11 

Feb-11 

Mar-11 

Apr-11 

May-11 

Jun-11 

Pinto, et al (2014) mBio 



-0.32

0.32

-0.45 0.45

P
ri

n
ci

p
le

 c
o

-o
rd

ii
n

a
te

 2
 (

6
%

) 

Principle co-ordinate 1 (22%) 

Temporal change in community structure. 

Jun-10 

Aug-10 

Oct-10 

Nov-10 

Dec-10 

Jan-11 

Feb-11 

Mar-11 

Apr-11 

May-11 

Jun-11 

Jul-11 

Pinto, et al (2014) mBio 

Jul-10 

Sep-10 



Temporal change in community structure. 
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Annual cycling of  drinking water community may a 

key feature guiding the predictive framework. 
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Bacterial communities exhibit relationship 

between frequency & abundance. 
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taxa within each month 

4369 taxa x 15 months  
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Proportionality between abundance and 

detection frequency can be exploited. 



Proportionality between abundance and 

detection frequency can be exploited. 
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Operational evidence suggests that invasive 

OTUs may originate from water main breaks. 
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(Unpublished data) 
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(Unpublished data) 



Operational evidence suggests that invasive 

OTUs may originate from water main breaks. 
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(Unpublished data) 
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A protocol to develop a predictive framework for 

drinking water microbiology management. 



We are testing the robustness of  the six 

features across multiple systems. 

Targeted 

sampling 

Jo  

Schroeder 

Melina  

Bautista 



Drinking water microbiology. 

What? 

How? 

Why? 



If  we can rapidly monitor and successfully 

predict, can we also beneficially manipulate? 
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If  we can rapidly monitor and successfully 

predict, can we also beneficially manipulate? 

Pinto et al (2012) ES&T 
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We suggested three options for beneficial 

manipulation of  the drinking water microbiome. 

Pinto et al (2012) ES&T 



We suggested three options for beneficial 

manipulation of  the drinking water microbiome. 

Pinto et al (2012) ES&T 

~ 7000 word paper 

7 words to change the 

conversation 



Significant media attention on one aspect 

of  beneficial manipulation. 



Significant media attention on one aspect 

of  beneficial manipulation. 



Is this desirable or feasible? 



Engineering microbial communities on 

the filter to seed the distribution system. 

Drinking Water 
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Managing & Exploiting Drinking Water Microbiome 

to Minimize risks and Maximize benefits. 
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Sequencing can not only reveal who is present in 

a sample, but also what they can do. 

Virulence factors 

Antibiotic resistance 



Immense potential to do things differently and 

reshape our water policy and infrastructure. 

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

N
u

m
b

e
r 

o
f 

p
u

b
li

ca
ti

o
n

s 

Drinking water 

+ 

pathogens 

Drinking water 

+ 

Microbial  

Community 

Drinking water 

+ 

Microbial  

Ecology 

Wastewater  

+ 

Microbial  

Community 



How does microbial community change 

in the distribution system? 

881 pipe sections  

5 pipe materials 

46 km in length  

72088 m2 of pipe surface area  

Pipe ages: 8 months – 91 years 



How does microbial community change in the 

distribution system? 
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Distance decay along linear flow path. 
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