
Engineering biofilms - understanding the 
links between human activities and 
microbial pathogens and communities

Associate Professor 
Catherine J. Paul

Division of Water 
Resources Engineering
Division of Applied 
Microbiology

Department of Building 
and Environmental 
Technology
Department of Chemistry
Faculty of Engineering
Lund University



Where is the biofilm?



• count the cells 
• rough DNA 

profile

Our tools



Our tools
16S rRNA V3-V4
16S rRNA full length

Whole genomes (short and long reads)
Metagenomes 





How can our knowledge of 
biofilm make water safer?

Humans impact microbiomes by changing 
processes in drinking water production. 

How many biofilm bacteria 
are there in drinking water?



This biofilm is constantly interacting with the water

*not to scale

Biofilm

Tap water (cells/mL)
Lund: 200 000
Malmö: 470 000
Varberg: 750 000
Stockholm: 300 000

Pipe material*

Bacterium from 
biofilm 

Bacterium from 
Water/DWTP

Microbial Ecosystem





*still not to scale

Biofilm

Tap water (cells/mL)
Varberg: 750 000

Pipe material*

Bacterium from 
biofilm 

Bacterium from 
Water/DWTP

Installation of UF in Varberg
IDEA:





How many bacteria are leaving the 
biofilm?

From the biofilm         Before UF: 0.5% After UF: 58%
From the DWTP          Before UF: around 750 000 cells/mL After UF: around 2000 cells/mL%



NH2Cl         NO2
- + 2H+ NO2

- NO3
-NO2

- NO3
-

Many 
cells in 
water

Few cells 
in water

UF start

BF 1    BF3,4

Nitrosomonadaceae Nitrospira             Hyphomicrobium



We have learned:

The biofilm influences the drinking water 
to a greater extent when ultrafiltration is 
present.

The biofilm didn’t change when 
ultrafiltration was installed.

….because the biofilm is an nitrogen-
based ecosystem.



In a 
monochloraminated
system….

are we just feeding 
the biofilm?





        

      

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 
 
  
 
 
 

 

    

    

    

 

    

     

     

     

 

     

     

     

     

 

    

    

    

     

    

 
 
  

 
   
 
 
  
 
 
 
 
 
 
 
 

     

                   

           

               

              

                   

           

             

     

             



10 locations
Weekly flow cytometry

Solid shapes are close to the DWTP

Empty shapes are further away

Red is that year’s data



We have learned:

We are feeding the biofilm.

No indications of compromised safety. 

Rare taxa from the biofilm can appear in 
abundance if the conditions are right.

Universities and utilities can help each 
other
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Questions or comments?

Contact info





After UF

Before UF
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