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ManureTracker: Looking for hormones, 

antimicrobials (antibiotics) in manure
• Needle in a haystack?

• Very low concs.

• Short half-lives of parent compounds

• Not much hard data for Alberta



Hormones in beef cattle production
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Natural First use Synthetic

Estradiol 1956 Zeranol

Testosterone 1950 Trenbolone acetate (TBA)

Progesterone 1954 Melengestrol acetate (MGA)

Hormones in beef cattle production



Natural First use Synthetic First use

Estradiol 1956 Zeranol 1973

Testosterone 1950 Trenbolone acetate (TBA) 1975

Progesterone 1954 Melengestrol acetate (MGA) 1966

TBA (ear implant) MGA (added in feed)
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Natural First use Synthetic First use

Estradiol 1956 Zeranol 1973

Testosterone 1950 Trenbolone acetate (TBA) 1975
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Hormones in beef cattle production



Metabolites of trenbolone acetate (TBA)

TBA first hydrolyzed to 17β-trenbolone

17β-trenbolone oxidized to trendione

Trendione reduced to 17α-trenbolone



17α-trenbolone 12-hydroxy-17α-trenbolone

5-hydroxy-17α-trenbolone

Metabolites and photoproducts of TBA

• Other TBA metabolites can also regenerate under darkness

• Can persist longer in water because of regeneration

• Metabolites retain biological activity

• Photoproducts retain some biological activity

PhotoproductsMetabolite



Melengestrol acetate (MGA)

• Administered in feed

• Estrus suppression in heifers

• Mostly excreted in parent form with very low metabolite concs.

• Considered mobile in agricultural soils but has affinity for soil organic 

matter

• Can persist in soil for up to 6 months



Fate of hormones in feedlots: main transport pathways

Manure Water



Another pathway: transport in dust



Perception vs. reality



Estrogen concentrations in food



• Increasing interest in environmental 

transport and fate

• Effects on non-target organisms

• Fish, amphibians, birds?

• Endocrine disruption?

• Reproductive effects

• Behavioural effects

Non-target organisms
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Heifers Steers

Hormone trial: LRC feedlot (Nov. 2015-Jul. 2016)

5 treatments x 4 reps = 20 pens



Sampling protocols: LRC hormone trial

• Pen floor samples: manure/bedding mix
• Literature indicates 17α-trenbolone peaks 2 wk post-implant

• Trendione and 17β-trenbolone peak 2-4 wk post-implant

• MGA continuously fed

• Pen runoff study – generate rainfall on pen floors and collect runoff.

• Composting study – clean pens at end of trial and sample compost 

windrows over 90 d 

• Sample groundwater wells installed at LRC feedlot

• Sample catch basin water (if available)

• Screen select water samples for endocrine-disrupting activity: recombinant 

yeast assays

+TBA +MGA Control



Fate of antimicrobials in beef cattle manure

Research conducted from 2010-15

All of this work has been published in peer-reviewed journals 
including three papers in a Special Section of the Journal of 
Environmental Quality (JEQ): “Antibiotics in Agroecosystems: 
State of the Science”

 Focus on chlortetracycline (CTC), sulfamethazine (SMZ) and 
tylosin (TYL)

What results did we find…..?



Fate of Antimicrobials

After 77 d in stockpiles, <1% of initial CTC, <2% SMZ, and 20% TYL remained.



Fate of Antimicrobials

Antimicrobial concs. higher in bedding than non-bedding areas. Order of 

transport in runoff was SMZ > TYL > CTC 



Fate of Antimicrobials

Runoff mass losses (% of applied) of CTC were significantly reduced by soil incorporation: 

from 6.5% to 1.7%. Mass losses of SMZ and TYL were not affected by application method.



Fate of Antimicrobials

CTC had greater persistence in frozen soil - detectable up to 10 mo after application. 

Concs. of SMZ and TYL in manured soil were low.



Fate of Antimicrobials
JEQ Special Section (2016): Antibiotics in Agroecosystems: State of the Science

85-99% of initial antimicrobial had dissipated after 30 d of composting.

Dissipation rate depended on whether antimicrobial was fed or fortified.



Fate of Antimicrobials
JEQ Special Section (2016): Antibiotics in Agroecosystems: State of the Science

Runoff from composting windrows contained antimicrobials. Order of transport 

in runoff was TYL > SMZ > CTC reflecting order of decreasing solubility



Fate of Antimicrobial Resistance Genes (ARG)
JEQ Special Section (2016): Antibiotics in Agroecosystems: State of the Science

Dissipation of ARG higher in compost vs. stockpiles. ARGs declined from 0.5 

to 3 log units in both composted and stockpiled manure



New Veterinary Feed Directive (VFD): US

• Background: 
• Judicious use of therapeutic antimicrobials is an integral part of good 

veterinary practice. In 2013 US FDA moved to maximize therapeutic efficacy 
and minimize selection of resistant microorganisms.

• Transition antimicrobial drugs with importance in human medicine, that are 
used in the feed or drinking water of food-producing animals, to veterinary 
oversight and eliminate the use of these products in animals for production 
(e.g., growth promotion) purposes.

• January 1, 2017 
– Many medicated livestock feeds, minerals and feed additives no longer 

available over-the-counter
– Drug administration under the control of a veterinarian via a Veterinary Feed 

Directive (VFD)
– New labelling: Must cease all growth promotion claims
– Only for therapeutic use, including prevention

• Will Canada follow suit?
– Decision coming summer 2017?



Animal Drugs Expected to be VFD Drugs

Apramycin (not marketed)
Avilamycin (new VFD)
Chlortetracycline
Erythromycin (not marketed)
Florfenicol (already VFD)
Hygromycin B
Lincomycin
Neomycin
Oleandomycin (not marketed)

Oxytetracycline
Penicillin (will disappear)
Streptomycin
Sulfadimethoxine:Ormetoprim
Tilmicosin (already VFD)
Tylosin
Sulfamerazine
Sulfamethazine
Sulfaquinoxalone
Virginiamycin

List of affected products: 
http://www.fda.gov/AnimalVeterinary/SafetyHealth/AntimicrobialResistance/Judiciou
sUseofAntimicrobials/ucm390429.htm



Acknowledgements

Allan Cessna, Inoka Amarakoon, Francis Zvomuya, 

Andrew Olson, Tony Curtis, Kyle Shade, Wendi Smart, 

Gabriel Ribeiro, Krysty Munns


