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Environmental Sources of Antibiotic 
Resistance: implications for public 
safety
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He taura whiri kotahi mai anō te kopunga tai no i te pu au
From the source to the mouth of the sea all things are joined together as one



Unavoidable exposures
Havelock North Bore 1 Heathcote River Christchurch

Hurricane Ike storm surge



Canterbury rivers

FEMS Microbiology Letters, 366, 2019, fnz104

doi: 10.1093/femsle/fnz104



Microbiology of water

FEMS Microbiology Letters, 366, 2019, fnz104

doi: 10.1093/femsle/fnz104



Frequency of multi-
resistance

MICs

high frequencies of MDR

high MICs in MDR strains

FEMS Microbiology Letters, 366, 2019, fnz104

doi: 10.1093/femsle/fnz104



CIP MIC

[16-32x clinical breakpoint]

[clinical breakpoint]



Transmissible resistance

FEMS Microbiology Letters, 366, 2019, fnz104

doi: 10.1093/femsle/fnz104



Why antibiotic resistance?
Because we use them: agriculture.

• >80% of antibiotic 
administered is 
excreted

• >MIC concentrations 
found in manure

• unintended 
antibiotic use in 
horticulture greater 
than intended 
because of manure 
fertilizers



Why antibiotic resistance?
Because we use them: medicine.

10 ppb or less of 
antibacterial drugs, 
pesticides and veterinary 
drugs could increase 
antibacterial resistance in 
bacteria.
Kleiner et al  2007



Example of scale of pesticide use

635,029,318 kg of glyphosate was used worldwide

Swanson et al., 2014; US Geological Survey, 
2012



A chemically intensive world

The Guardian
8 April 2019



Golden Bay residents "livid" over 
glyphosate sprayed on 
beachfront and rec park during 
school holidays – Stuff.co.nz

antibiotics

pesticide

Urban



Impact Evidence

Pesticides

*[low]

*



Link to pesticides

We have found a link between pesticides and antibiotic resistance.

One of our studies 
as reported by the 
Guardian



Exposures to common ingredients in herbicide 
formulations and food induce antibiotic resistance

Microbiology. 2017 Nov 17. doi: 10.1099/mic.0.000573.

D MIC: 0-300%



Tween80 used in ciprofloxacin 
formulations

MIC: increases 250%

MIC: increases 75%

Microbiology. 2017 Nov 17. doi: 10.1099/mic.0.000573.



New exposures expected to increase

UNEP/EA.4/21



Take home messages

1994

Environment a place where antibiotic resistance 
thrives

Combating resistance requires more than moderating 
use of antibiotics in medicine

Factors leading to resistance include chemical 
exposures to non-antibiotics too

Water safety assessments based on coliform counts 
may not be adequate
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Future work

Continue sampling over time, over longer range of Avon River.

Test potential link between agrichemical use and resistance.

In collaboration with Brent Gilpin (ESR Christchurch) and Amy Osborne (UC), 
complete WGS genotyping.

Characterise potential for resistance HGT.

Along with Matt Stott (UC), expand coverage region to nation wide.

Continue to work with ecologists to look for remediation strategies.

1994



Methods



A chemically intensive world

Exposure analysis is limited because of eg,:
1. trade secrets hiding ingredients
2. unknown contaminants in products
3. accumulation of degradation/synthesis (eg, from cooking, 

microbial conversion) products
4. residues from packaging

• 140,000 new chemicals and pesticides are <70 years old

• universal human exposure to the 5,000 produced in greatest volume



Current Regulations
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What is antibiotic resistance?
The rise in concentration of antibiotic required to kill target bacteria.



Avon @ Harper Ave
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Site A: harper Ave = Site 0

Site B: behind golf club house

Site C: Ricc Stream by the bridge on Riccarton Ave

Site D: Addington Brook close to Riccarton Ave

Site E: Boat Shed



Riccarton stream above Hagely
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Site 2
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Pipe

Site 1: Picton Reserve Entry

Site 2: Hagley South bridge

Site 4: Ricc Stream by the bridge on Riccarton Ave Hagley  north

Pipe: drainage pipe in Picton Reserve by site 1


