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Antibiotic Resistance (AR) 
• World Health Organization: “one 

of the most critical human health 
challenges of the next century” 

• WWTPs not designed for the 
removal of these micropollutants 

• Low levels of residual antibiotics in 
the WTTP may promote selective 
growth of resistant 
microorganisms 

• Proposed that this is a “key source 
of resistance into the 
environment”  

 
 



MRSA and VRE on the Rise 

notunlikeresearch.typepad.com 

MRSA = Methicillin-Resistant Staphylococcus Aureus 
VRE= Vancomycin-Resistant Enterococci 



AR in the Media 



Local Attention 



What is antibiotic resistance? 

• Antibiotics  
 
 

• Antibiotic Resistant Bacteria  
 
 

• Antibiotic Resistant Genes 
 



Antibiotic Resistance Genes (ARG) 
and AR Bacteria 

www.addgene.org 

Bacterial 
DNA 

Plasmids 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=3AG3fQZwafMF_M&tbnid=d-sp3oVO8wMpeM:&ved=0CAUQjRw&url=https://www.addgene.org/mol_bio_reference/plasmid_background/&ei=grZ-UZGmH8KKjAK4p4GoAw&psig=AFQjCNE2yXBtDgMPOfQBwd93CXUv3dQqqA&ust=1367345122039245
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=GCnApoDfNtxvjM&tbnid=kU1_a1XOWorgYM:&ved=0CAUQjRw&url=https://www.boundless.com/microbiology/bacteria-archaea-and-eukaryote-cell-structure/studying-cells/genetic-analysis/&ei=87d-UbGHK6aaiAL974Ao&psig=AFQjCNGlAsey7ztBHFdN6vuTy3urQ-un_A&ust=1367345471738865


It is important to remember… 

• Antibiotics were first 
isolated from the 
environment. 
 

• Antibiotic resistance is 
a natural phenomena 
that allows for bacteria 
to compete (or out 
compete) for 
resources. 
 
 



Dissemination of Antibiotics and Antibiotics Resistance 



 Shifting Research Objectives 

Optimization of the treatment process may lower the spread of 
antibiotic resistance throughout the environment. 

                                       

Wastewater treatment 
plants discharge treated 

water into the 
environment 

Multi-millions of 
antibiotics 

prescribed daily 

Can treated 
wastewater transport 

antibiotic resistant 
bacteria and their 
resistance genes? 



Are AR bacteria a concern for 
water reuse? 

• New emerging contaminant? 
 

• Are current treatment technologies sufficient for 
their removal/disinfection? 
 

• Can they confer resistance to native bacteria in 
the environment? 
 

• Human health impacts? Risk assessment? 



Current Research 

• Several studies have identified ARG’s in secondary 
and tertiary treated recycled water. 
 

• Genes have also been found in the environment 
downstream of surface water discharge locations. 
 

• AR bacteria have been found in biosolids, land 
application sites, recharge ponds, retention 
basins, etc. 





AR in WWTPS 

• “Survival of MRSA strains in UHWWs and their transit 
to the STP and then through to the final treated 
effluent and chlorination stage.” 

 - Thompson et al. 2012 

• “Urban wastewater treatment plants (UWTPs) are 
among the main sources of antibiotics' release into 
the environment” 

  –Rizzo et al., 2013 

• “ARB and antibiotic resistant genes (ARGs) have been 
detected extensively in wastewater samples.” 

 -Bouki et al. 2013 
 
 



Effect of Solids Retention Time (SRT) 

• Though increased solids 
retention time (SRT) has 
been correlated with 
reductions in trace 
antibiotics, higher SRTs 
also provide prolonged 
exposure of bacteria to 
influent antibiotic levels, 
potentially increasing the 
development of antibiotic 
resistance 
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Table 1. Threshold SRT 80% Degradationф 

TrOC SRT (Days) 
Acetaminophin 2 
Caffeine 2 
Ibuprofen 5 
Naprozen 5 
Bisphenol A 10 
Triclosan 10 
DEET 15 
Gemfibrozil 15 
Atenolol 15 
BHA 15 
Iopomide 15 
Cimetidine 15 
Diphenhydramine 20 
Benzophenone 20 
Trimethoprim 30 
Ф  Trace Organic Compound Removal During Wastewater Treatment, IAT Report, November 2011.  



Solids Retention Time (SRT) 
• Conventional Activated Sludge (CAS) 

 
• Exposes bacteria to ideal growth conditions  

 
• SRT indicates the mean residence time of microbes in the reactor 

 
• High SRT allow the enrichment of slowly growing bacteria; 

physiological diversity 
 
 
 



Effect of Solids Retention Time (SRT) 

• Though increased solids 
retention time (SRT) has 
been correlated with 
reductions in trace 
antibiotics, higher SRTs 
also provide prolonged 
exposure of bacteria to 
influent antibiotic levels, 
potentially increasing the 
development of antibiotic 
resistance 
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Critical Value  



Research Question 

 Can the wastewater treatment process be 
optimized to mitigate the presence and 
persistence of antibiotics and antibiotic 

resistant bacteria? 



Clinically Relevant Antibiotics  

sul(l) & sul(ll) dfr1A ampC tetW vanA 

trimethoprim tetracycline 

Target Antibiotic Resistance Genes 

sulfamethoxazole ampicillin vancomycin 



Selected Solids Retention Times 

WWTP Site SRT (days) 
Plant 1 <1 
Plant 2 1.5 
Plant 3 3 
Plant 4 9 
Plant 5 12 
Plant 6 14 
Plant 7 19 
Plant 8 45 



Materials and Methods 

Molecular & 
Cultural Analysis Chemical Analysis 

Bacterial Isolates (MIC) Quantitative PCR 

Solids Retention Time 

LC-MS/MS SPE 



How Resistant? 

 
• MIC50 is a way of recording antibiotic sensitivities more 

conveniently, especially if your trying to report MICs of a large 
group or organisms.  
 

• MIC50 is the concentration required to inhibit the growth of 
50% of organism 



Increase in Antibiotic Resistance 

 
(MIC50 is the concentration required to inhibit the growth of 50% of organisms) 
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Research Findings 
 
• Our lab developed standardized cultural, molecular, and 

analytical-based approaches that provided a means to survey 
wastewater for the occurrence of AR  

 
• All six ARGs were abundant throughout the treatment train of 

all eight WWTPs that confer resistance to clinically important 
antibiotics 
 

• The relative abundance of different ARGs showed significant 
variations among removal efficiencies during the biological 
treatment processes (i.e. SRT) 

 



Research Findings cont. 
 
• High SRT allow the enrichment of slowly growing 

bacteria; physiological diversity 
 

• Non-AR bacteria are outcompeting AR-bacteria 
 

• TOrCs compounds may enhance the development of 
AR; increased MIC50  

 
• AR bacteria that are present at high SRTs may 

develop an advanced tolerance to antibiotics 
 

 



Outcome 
• Varying solids retention 

times appear to have an 
effect in mitigating 
proliferation of antibiotic 
resistance.  
 

• But what is the 
impact/relevance of these 
viable microbes, inactivated 
microbes, and genes in the 
environment and with 
respect to human health? 
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ARGs 

 



Future Research 
• Are there seasonal variations in the loading and performance 

of treatment on the prevalence/ development of AR? 
 

• Detailed research, including mass balance of resistance genes, 
needed to assess true potential for spread of antibiotic 
resistance. 
 

• What are the risks associated with ARGs leaving WWTPs? 
 

• What happens once ARGs are released into the environment? 
 

• Does exposure to antibiotic resistance genes have negative 
impact on environmental/human health? 
 

 

 



WHY SHOULD I CARE? 
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in pipe outflows of recycled water 
system 

How Did ABR Become Connected to Recycled Water Use? 
The Case of Flagstaff, Arizona 
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Antibiotic Resistant Bacteria” 
Oct 17: “Antibiotic Resistance Racing 
Downriver” 

How Did ABR Become Connected to Recycled Water Use? 
The Case of Flagstaff, Arizona 



December 2012: First meeting of 
Flagstaff City Manager’s Expert 
Panel on Antibiotic Resistance 

How Did ABR Become Connected to Recycled Water Use? 
The Case of Flagstaff, Arizona 



December 2012: First meeting of 
Flagstaff City Manager’s Expert 
Panel on Antibiotic Resistance 
 
Panel Agrees: 
 1.  Antibiotic resistance genes 
≠   resistant bacteria (DNA can 
  indicate living or dead) 
 
 2. Recycled water pipe only: 
  what about drinking/  
  potable water pipes? 

How Did ABR Become Connected to Recycled Water Use? 
The Case of Flagstaff, Arizona 



WHAT COMES NEXT? 



 What do we NOT know? 
 

 

• Does environmental 
presence of antibiotics and 
antibiotic resistance genes 
= increased resistance? 
 

• If background levels of 
resistance are ubiquitous 
in the environment, how 
can we measure an 
increase? 
 

• Has this background 
resistance skewed 
research results? 



Peer-Reviewed Publications of Environmental 
Antibiotic Resistance (2012-2013) 

• 200 Papers with Web of Science 
search “Antibiotic Resistance” and 
“Agriculture” or “Environment” 

  
• 72% utilized molecular methods 

- 67 genes 
 

• 14% utilized cultivation 
 - Enterococcus 
 - E. coli 
 
• 14% utilized combination 



• Broth micro-dilution 
methods 

• Agar disc diffusion 
• Clinical and Laboratory 

Standards Institute 
 

Resistance Analysis Methods: Bacterial Isolation/Culturing 



• Broth micro-dilution 
methods 

• Agar disc diffusion 
• Clinical and Laboratory 

Standards Institute 
 
PROS: Highly reproducible, 
robust, Can assess at clinical 
levels 
 
CONS: Analyze a single isolate 
in each plate 

Resistance Analysis Methods: Bacterial Isolation/Culturing 



Resistance Analysis Methods: Molecular ID of Genes 
• Polymerase Chain Reaction 

(PCR)  

• Quantitative PCR (qPCR) 

 



Resistance Analysis Methods: Molecular ID of Genes 
• Polymerase Chain Reaction 

(PCR)  

• Quantitative PCR (qPCR) 

 

PROS: Can identify/quantify 
resistance genes in entire DNA 
sample,  Ability to quantify to 
single gene marker level 

 

CONS: 

No discrimination between 
live and dead bacteria 



Peer-Reviewed Publications of Environmental 
Antibiotic Resistance (2012-2013) 

• 43% lacked control samples from 
un-impacted sites 
 

• 92% of papers lacking control sites 
reported increases in resistance 
from agricultural activities 
 

• Papers with controls, 38% 
reported significant increases in 
resistance from agricultural 
activities 



Antibiotic Resistance in the Environment:  
A Call to Action 

• 2014 Meeting at Biosphere2 
(McLain, Durso, Snow) funded 
by USDA-NIFA 

 

• Recognizing that release of 
trace antibiotics and resistance 
genes is occurring, but that 
effects/risks are unknown 

 

• Scientific community will draft 
proposed methods for 
assessing ABR in the 
environment 



Antibiotic Resistance in the Environment:  
A Call to Action 

Objectives:  
1. To reach consensus on 

methodology 
 
1. To train next 

generation in new 
methods 

 
1. To address 

misinformation 
 



 
 
 
 
Organizers:  University of Arizona 
  USDA-Agricultural Research Service 
  University of Nebraska 
   
When:   August 2014, Biosphere2, Oracle, Arizona 
 
• A gathering of scientists focused on addressing the study of antibiotic resistance in 

an applied way.  
 

• We contend that scientists need to step back and first address pre-existing, 
background resistance and natural antibiotic production and furthermore, must come 
to a consensus on methods used to assess antibiotic resistance in natural 
ecosystems. 

 
Invited Experts: Amy Pruden, Ph.D. , Virginia Tech University (Blacksburg, VA). 
  Eddie Cytryn, Ph.D., State of Israel Agricultural Research Org. 
  Alistair Boxall, Ph.D. , University of York (U.K.),  
  Diana Aga, Ph.D. , State University of New York (SUNY) at Buffalo.  
 
 

Antibiotics in Agroecosystems:  
State of the Science 



Biosphere2 Conference 

Jean McLain – jmclain@cals.arizona.edu 

Lisa Durso – lisa.durso@ars.usda.gov 
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