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Veterinary medicines are primarily Veterinary medicines are primarily 
transported to the terrestrial environment transported to the terrestrial environment 
with different types of manure, slurries or with different types of manure, slurries or 
other types of other types of biosolidsbiosolids

Manure, slurry and Manure, slurry and biosolidsbiosolids are very are very 
different in water content and constituents different in water content and constituents 
and therefore the resulting and therefore the resulting VETmedVETmed
concentration can be quit different!concentration can be quit different!



•When wastes are applied to the land it is 
assumed that the waste components will move 
through the soil matrix slowly and therefore:

• Pathogens will remain in the soil a long time 
and will die from starvation, scavenging, cold, …
• Organic components will be digested by 
microbes
• Inorganic components will be adsorbed or taken 
up by crops or consumed by microbes

But this is not always the true because we find 
the VETmeds in the environment



Why bothers about pharmaceuticals in Why bothers about pharmaceuticals in 
the environmentthe environment?  ?  



Why are we assessing the potential effects of drugs in Why are we assessing the potential effects of drugs in 
the environment?the environment?

The output of these legislative guidance 
documents:

•Veterinary medicines will be band due to a
negative environmental assessment.

•Medicine for human use can NOT be band 
due to the environmental assessment



Research in Europe has learned us:

If we re-use treated surface water as drinking 
water - the drinking water will contain 
pharmaceutical residues in the ng/l level.

Is that a medical problem?

Probably Not/Could be?

Is that an ethical problem? Yes!

:



Why are we concerned?Why are we concerned?

Maybe more Maybe more biosolidsbiosolids applied applied 
than land can handlethan land can handle

Contributes to surface and Contributes to surface and 
groundwater contaminationgroundwater contamination

Increased nutrient runoff into Increased nutrient runoff into 
surface waterssurface waters

Detectable presence of drugs Detectable presence of drugs 
and resistance determinants in and resistance determinants in 
groundwatergroundwater



Hormones
-17-β-østradiol
-17-α-østradiol
-Østron

-Testosteron
-Androsten
-Cholesterol

Antibiotics
-Tetracyclines
-Sulfonamides
-Macrolides
-Penicilliner

Coccidiostatics

Antiparacitics
-Avermectins

-Ivermectin
-Ecto-parasitics

-Cypermetrin
-Endo-parasitics

-Bendimidazol

Other xenobiotics
-Desinfectans
-LAS
-Metals
-Pesticidresidues
-……

Constituents (VETmeds) in manure

More than
500 different
Drugs (bioactive
compounds)

Antifungals
Miconazole

Growth promoters
monensin
salinomysin

NSAIDS
Tranquilizers



AnnualAnnual consumptionconsumption

Source: Thiele-Brunn (2003) J. Plant Nutr. Soil Science



ExposureExposure scenariosscenarios

Fate of Vetmed during storage
of manure and slurry

Manure and slurry spreading

groundwater

LeachingSoil

•Aquaculture treatments
(reciving water)

•Livestock treatment
(soil)

•Treatment of companion
animals (soil)

•Inpropriate disposal
(soil)



CurrentCurrent statestate ofof thethe problemproblem

VETmedVETmed designed to be biological designed to be biological 
active moleculesactive molecules
Used i high quantities 1Used i high quantities 1--10 tons/year10 tons/year
Only few and often insufficient Only few and often insufficient 
informationsinformations to perform ERA of most to perform ERA of most 
already existing already existing VETmedVETmed
Current ERA methods for drugs only Current ERA methods for drugs only 
been in operation short time. Presently been in operation short time. Presently 
the only the only ““completecomplete”” dataset dataset 
((ivermectinivermectin) that will appear in the ) that will appear in the 
open literature is under construction in open literature is under construction in 
ERApharmERApharm project.project.



Chemical structure of antibacterial
agent



CoccidiostaticaCoccidiostaticaO O

OH O
O

O O
OH

OH

HO

O

salinomycin

O O

OH O
O

O O

OH

OH

O

OH

narasin

O
O O

O
O

O O

OH

HO H

H

H

H

HO

HO

H

monensin

N
H

O

N
H

N+

O

O-

N+

O

O-

N

NHO

nicarbazine

O

O

O

HO

HO

O

OHOH

lasalocid

Cl
N NH

NH
NHN

Cl

robenidine
OH

HN

O

NN

Br

Cl

O

halofuginone

N
NH

N

N O

O

Cl

Cl

Cl

diclazuril



IvermectineIvermectine antiparasiteantiparasite
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Ivermectin is a macrolide antibiotic produced
from a fungus first
isolated from a soil sample in Japan -

Streptomyces avermitilis .

Antiparacetic potency
GABA receptor agonist

Important structural sites:
The two sugars 
A hydroxy group in position 5.



Potency (LCPotency (LC--50) of 50) of ivermectinivermectin degradatesdegradates formed in aqueous formed in aqueous 

solution at pH=6 to zebra fishsolution at pH=6 to zebra fish

Halling-Sørensen B, unpublished results

148 [132148 [132--175]175]Mixtures of Mixtures of degradatesdegradates
that lost both sugar that lost both sugar 

moietiesmoieties

81 [67 81 [67 –– 102]102]Mixtures of Mixtures of degradatesdegradates
that has lost 1 sugar that has lost 1 sugar 

moietymoiety

26 [926 [9--51]51]IvermectinIvermectin

LCLC--50 50 µµg/Lg/L
95% CI95% CI

CompoundCompound



Concentration levels of antibiotics in Concentration levels of antibiotics in 
manure and slurrymanure and slurry



ConcConc. . levelslevels ofof antibioticsantibiotics in in manuremanure (mg/kg (mg/kg dwtdwt))

Source: Jacobsen and Halling-Sørensen (2006) Anal Bioanal Chem. 384: 1164–1174



BiodegradationBiodegradation in in manuremanure ((microcosmosmicrocosmos))



AntibioticsAntibiotics –– manuremanure (batch (batch reactorreactor) ) -- anaerobanaerob conditionsconditions
under under entireentire test test periodperiod
Ct=0  Ct=0  ConcConc =2000=2000µµgg/kg /kg manuremanure ((wetwet weightweight))

>200>200————TiamulinTiamulin

5.1 5.1 ±± 0.30.30.970.97−−0.1350.135SalinomycinSalinomycin

130 130 ±± 10100.950.95−−0.0050.005RoxithromycinRoxithromycin

41 41 ±± 110.980.98−−0.0170.017ErythromycinErythromycin

HalfHalf--lifelife (d)(d)RR22SlopeSlope
AntibioticAntibiotic Schlüsener et al (2006) Archives of Environmental

Contamination and Toxicology

Manure storage 180 days!



DisappearanceDisappearance ofof TylosinTylosin and and OxytetracyclineOxytetracycline in manure storage tanksin manure storage tanks

A field-scale experiment was performed in northern Jutland, Denmark following the disappearance 
of OTC and TYL in the manure tank. The volume of the tank was 850 m3. The manure tank was kept 
under methanogenic conditions.  Samples were taken at 4 (OTC) and 8 (TYL) occasions after a 
medication campaign, respectively. Half-lives (days) with corresponding 95% c.l. was found 
for OTC and TYL as 23 [16-40] and 15 [12-21]. Sorption to the manure could explain the form 
of the curve of OTC.  

Source: Jensen and Halling-Sørensen (unpublished)

T½: 23 [16-40]  days

T½: 15 [12-21] days



Ground water

run-off run-off

stream

leaching

Livestock treatment on 
the field:
Sheep, cattle, horses

DissipationDissipation from from soilsoil

Manure, slurry application

drain

transport transport



BiodegradationBiodegradation ofof antibioticsantibiotics in in 
manuremanure//soilsoil mixtures (mixtures (microcosmosmicrocosmos))

Source: Ingerslev og Halling-Sørensen (2001) Ecotoxicology and Environmental Safety
48, 311-320.



DissipationDissipation
ofof steoridsteorid
hormoneshormones in in 
manuremanure//soilsoil
mixturesmixtures

Source Jacobsen et al. 
(2005) JEQ 34:861-71



Field studiesField studies
––AntibioticsAntibiotics
––EstrogensEstrogens



Halling-Sørensen et al. 
Environ.Toxicol. Chem, 
(2005) 24: 802–810

Field Field studystudy from Denmarkfrom Denmark

A: loamy sandy soil

B: sandy soil



HalfHalf--liveslives TT½½ daysdays

Halling-Sørensen et al. Environ.Toxicol. Chem, (2005) 24: 802–810

A: loamy sandy soil; B: sandy soil



Halling-Sørensen et al. Environ.Toxicol. 
Chem, (2005) 24: 802–810

Proportions of resistant bacteria (%)
of total colony forming units

Much more research to be done in 
this area



TTransportransport ofof steroid steroid hormoneshormones to to tiletile drinagedrinage

Kjær J, Halling-Sørensen et al. Environ. Sci. Technol. 2007, 41, 3911-3917

VAP marker Estrup 2005

•Field experiment

•Hormones up to  10 µg/l
in drainage at heavy
rain event mostly as 
Estron (E1). E2 found at 
max 1 ng/l.



Monolith experiment Monolith experiment –– facilitated facilitated 
particle bound transportparticle bound transport

•Manure at the top
•Two different soils, loamy 
sandy and sandy soil

•Irrigation study initially then
natural precipitation

•Estrogens log Kow >3

•Transport of estrogens 
correlated to DOC > particle bound 
transport
•Mass balance showed less than 1%
of E2, E1 in manure transported
•SumE2,E1 up to 15 ng/l in leachate

Lægdsmand M, Halling-Sørensen et al. 
Submitted JAQ



Conclusions/Take home messagesConclusions/Take home messages

•Limited knowledge on the usage of certain VETmed
•Limited knowledge on the fate of many VETmed
•Limited knowledge on the ecological effects of 
most VETmed
•VETmed are often mobile (probably by particle bound 
transport) and found in drainage waters
•Limited knowledge on biodegradation i manure 
and slurry
•More knowledge necessary to predict dissipation/
biodegradation in manure/soil mixtures.
•Priority compounds: certain antibiotics, ivermectins, 
steroid hormones
•Antibiotic resistance in the environment needs 
more attention!
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