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How Can Antibiotics Enter Source 
Water and Distribution Systems? 

• Direct disposal of unused 
antibiotics

• Excretion with partial metabolism

• Agricultural runoff

• Incomplete WW/DW treatment



Previous Detection of Antibiotics in Actual DWDSs
• Antibiotics detected in tap water 

at sub-MIC concentrations

• MIC: lowest antibiotic 
concentration required to 
prevent bacterial growth

• Sub-MIC: may promote biofilm 
formation and promoting 
antibiotic resistance

Antibiotic Class Antibiotic Type Concentration (ng L-1) in tap water
Quinolone Ciprofloxacin 103 ± 0.4; 492; 0.4–224.4

Levofloxacin 47.4
Enrofloxacin 96 ± 1.7; 0.2–11.2
Norfloxacin 99 ± 0.5; 0.4–3.6
Sarafloxacin 87 ± 3.6
Oxolinic acid 101 ± 6.0
Flumequine 95 ± 6.5

Sulfonamide Sulfamethizole 94 ± 3.7
Sulfamethoxazole 113 ± 3.1; 0.3–18.6; 1.4; 0.5; 25; 20; 0.3–18.6
Sulfapyridine 0.052
Sulfathiazole 96 ± 3.0
Sulfamerazine 96 ± 1.7
Sulfamethazine 106 ± 1.8
Sulfachlorpyridazine 95 ± 1.3
Sulfadimethoxine 90 ± 2.1

Macrolide Erythromycin 115 ± 1.8; 1.5; 155
Tylosin 84 ± 0.7; 1.7
Roxithromycin 113 ± 8.8
Azithromycin 18.5
Clarithromycin 2.2

Amphenicol Florfenicol 3.3–26.1
Pyridopyrimidine Pipemidic acid 93 ± 2.5
Tetracycline Tetracycline 92 ± 4.7

Doxycycline 95 ± 3.3; 0.029
Oxytetracycline 106 ± 4.8
Demeclocycline 97 ± 7.1
Chlortetracycline 91 ± 3.9

Trimethoprim Trimethoprim 106 ± 2.7
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Why Do We Care About Residual Levels of 
Antibiotics in Our Drinking Water? 

• Increase in EPS formation
• Increase in biofilm formation

1) Intrinsic resistance

Plasmid

Efflux

Porin 
downregulation

Enzymatic 
inactivation

Target site 
modification

Cell surface 
modification

Vertical and/or 
horizontal gene 
transfer

2) Acquired resistance
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1. Exposure of water 
customer to low levels 
of antibiotics

2. Development of 
intrinsic and acquired 
antibiotic resistance



Research Objectives

• Obj1: Characterize the persistence of 
common antibiotics ciprofloxacin (CIP) and 
sulfamethoxazole (SMX) in DW pipes

• Obj2: Examine the response of biofilms 
after exposure to CIP and SMX in DW pipes

• Obj3: Examine the impact of CIP and SMX 
on the bacterial community structure in the 
biofilms

• Do antibiotics persist in DW? 
• Do antibiotics trigger a response in biofilms?

Motivation



Experimental Setup
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• Benchtop Premise Plumbing 
Systems (BPPS) (5) 

• 1.2 m x 3/4 in SCH40 PVC pipe

• 7 L reservoirs and small pump 

• 40 coupons (invert position)

• 5 removable pipe sections

• Bulk water sampling ports

• Biofilms grown with GAC filtration 
system (seeding)

• Drinking water amended with 
nutrient broth to promote 
microbiological growth -> 28 d



Experimental Design

• Exposure Period: 12 days
• CIP Concentration: 10 ug/L
• SMX Concentration: 10 ug/L

• Water Temperature = 20-22C
• Flow: 3 L/min (Re = 3000) 

Rig A

Rig B

Rig C

Rig D

Rig X

Experimental 
Replicates 
(Biofilm + 
Antibiotic)

Control-1 (Biofilm + 
No Antibiotic)

Control-2 (No Biofilm 
+ Antibiotic)Antibiotic

Parameters

Antibiotic



Monitoring of Antibiotics and Biofilms 
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Analytical methods

LC-MS/MS

Biofilm samples

Flow cytometry

Coupon

TCCs

Removable 
section

Genetic sequencing

16S rRNA

DNA & RNA extraction

Swabbing + 
sonication

Bulk water samples



Persistence of CIP and SMX in DW Pipes

Ciprofloxacin – Bulk Water Sulfamethoxazole – Bulk Water

Control 2 – No Biofilm

Control 2 – No Biofilm



Response of Biofilm to Exposure to CIP/SMX

Ciprofloxacin - Cells in Biofilm Sulfamethoxazole - Cells in Biofilm

Difference of ~1-2 
orders of magnitude

Difference of ~1 order 
of magnitude

Control 1 – 
Biofilm + No 
Antibiotic

Control 1 – 
Biofilm + No 
Antibiotic



Influence of Antibiotics on Bacterial Community 
Structure in the Biofilm

• 16s rRNA at genus level

• Most abundant bacterial 
genera include Rhizobium 
and Pseudonomas

• Some dominant bacterial 
genera have intrinsic 
resistance capabilities (eg, 
EPS production)

Ciprofloxacin Sulfamethoxazole



Influence of Antibiotics on Community Structure
• Does CIP/SMX exposure produce 

different bacterial community 
structures in biofilm? 

• Bray-Curtis index calculates degree 
of dissimilarity between pairs of 
samples (0 is low, 1 is high)

• Bray-Curtis 0.2-0.5 → bacterial 
populations moderately dissimilar 
between A-C replicates and control 
D within CIP/SMX

• Bray-Curtis values 0.6-0.8 → 
bacterial populations highly 
dissimilar between CIP and SMX



Key Findings

• CIP more persistent than SMX in bulk water

• CIP/SMX both adsorbed/metabolized by biofilms

• Biofilms exposed to CIP/SMX had bacterial genera 
with well-established intrinsic resistance functions 
(eg, EPS production)

• CIP/SMX produced different bacterial community 
structures in biofilms



So What? Operational Implications of 
Antibiotic Persistence in Drinking Water

• Persistence of CIP/SMX → water 
consumers can ingest antibiotics

• Biofilm exposure to sub-MIC CIP/SMX 
can promote AMR in biofilm

• Biofilm mobilization → water consumers 
can ingest resistant bacteria 
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How Do Biofilms Grow in DW Pipes?

• GAC filter used to grow bacteria

• Condition. Vel. = 0.07 m/s (0.02 Pa)

• Flushing velocity = 0.76 m/s (1.2 Pa)

• Biofilms in rig have bacterial genera 
that are common in DW


