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Introduction

= Veterinary pharmaceuticals are widely used in livest  ock husbandry.

* For decades slurry has been applied to agricultural fields as a
sustainable principle of recycling of nutrients.

= To assess the concentrations of veterinary pharmace uticals in North
Rhine-Westphalia a literature study has been carrie  d out in 2007 to
identify environmentally relevant substances.

http://www.lanuv.nrw.de/veroeffentlichungen/fachberichte/fabe2/fabe2.pdf

» Tetracyclines, sulphonamides and fluoroquinolones h ave been
identified as environmentally relevant veterinary p harmaceuticals.
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Veterinary Pharmaceuticals in slurry

To assess the concentrations of tetracyclines, sulp honamides and
fluoroguinolones in slurry and digestates in North Rhine-Westphalia a
screening has been carried out in 20009:

From october to december 2009 34 samples of slurry:

* Pig slurry (17)
e cattle slurry (10)
e poultry slurry (7)

and 35 digestate-samples have been investigated.
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A
Veterinary Pharmaceuticals in slurry

Percentage of veterinary pharmaceuticals in slurry and
digestates

slurry digestates

Samples with concentrations > LOQ

- Samples with concentrations < LOQ
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Veterinary Pharmaceuticals in slurry

Veterinary pharmaceuticals in slurry from North Rhine-Westphalia, 2009 (n=34)
Median values of the samples with concentrations > LOQ

mg/kg DM
o
SN
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Veterinary Pharmaceuticals in soils and groundwater

To assess the concentrations of veterinary pharmaceuticals in soils
and groundwater soils manured with slurry and groundwater in the

catchment area of these plots have been investigated at 21 sites in
North Rhine-Westphalia from october to december 2008.

|. Sampling of groundwater from 21 selected measuring points of
groundwater

Criteria for selection:
1.High amounts of animals per hectare
2.High concentrations of nitrate and ammonium in
groundwater
3.Low distance between soil surface and groundwater surface

Il. Sampling of 3 soil samples respectively at 21 sites from the depth:
0-30cm, 30 -60cm and 60 —-90 cm
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Veterinary Pharmaceuticals in soils and groundwater
Amounts of animals per hectare

“iehbesatz in MEYY 2003

Grofwieheinheiten (GV) je Hektar (ha) landwirtschaftlich genutzter Flache
1G% =1 Dungeinheit = 80 kg Stickstoff (M)

Legende
Viehbesatz_2003

B ois0 5 Gviha
I o 5 bis 1.0 Giha
10 bis 1,5 Gha
15 bis 2,0 G¥rha
B 2.0 bis 25 Giha
B ehials 25 Gvina
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A
Veterinary Pharmaceuticals in soils and groundwater

Selected measuring points of groundwater

Ausgesuchte Grundwassermessstellen fur Tierarzneimitteluntersuchungen

Legende
® Untersuchungsmessstellen
Viehbesatz 2003
I bis 0.5 GV/ha
[ 0.5 bis 1.0 GV/ha
| [ ]1.0bis 1.5 GV/ha
[[11,5bis 2,0 GViha
I 2.0 bis 2,5 GV/ha
I mehr als 2,5 GV/ha

Grofivieheinheiten (G%) je Hektar (ha)
landwirtschaftlich genutzter Flache
1G% =1 Dungeinheit =80 ky Stickstoff (M)
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Veterinary Pharmaceuticals in soils and groundwater
location of measuring point of groundwater, direction of flow of groundwater and
the location of the agricultural land manured with slurry at one site
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Veterinary Pharmaceuticals in soils and groundwater

Results
- groundwater -

In 21 samples of groundwater tetracyclines and fluoroquinolones could
not be detected (LOQ: 0,05 ug/l)

= Sulphonamides could not be detected in 20 of a total of 21 samples
(LOQ: 0,05 pg/l)

= In one groundwater-sample sulfamethoxazol has been detected
(2008: 0,30 ug /I; follow-up-sampling 2009: 0,37ug/l) but the other
sulphonamides were below LOQ

= The concentrations of all sulphonamides in soil in the catchment area
of this measuring point of groundwater were below LOQ (5 ug/kg DM).
The source for sulfamethoxazol in groundwater could not be detected.
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Veterinary Pharmaceuticals in soils and groundwater

Results
- soll -
* In soils sulphonamides and fluoroquinolones could not be detected
(LOQ: 5 ug/kg DM)

= In 12 top-soils (0 — 30 cm) tetracyclines have been detected with
maximum concentrations of
13,6 pg oxytetracycline/lkg DM
44,3 ug chlorotetracycline/kg DM
38,6 ug tetracycline/kg DM

= |n three soil samples of the layer 30 — 60 cm tetracyclines have been
detected, but in the layer 60 — 90 cm tetracyclines have not been found.
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Veterinary Pharmaceuticals in soils and groundwater

Tetracycline-, Chlorotetracycline- and Oxytetracycli ne-concentrations in soils
manured with slurry (0 — 30 cm, Soil- and groundwater  -Screening, 2008:)

80

70

60

a1
o

LOQ: 1 -5 pg/kg DM

© Q% Q% Q"o xo% Q% P Q%
Q“o

[ng/kg DM]
w A
S o

N
o

[EEN
o
|

@ & & L @ & &

e F PP G G

©
X
Q"o

Sites and kind of slurry (PS: Pig Slurry, CS: Cattl e Slurry)

B Tetracycline mChlorotetracycline ®Oxytetracycline

| NUVNRW.




Veterinary Pharmaceuticals in soils and groundwater

Tetracycline-, Chlorotetracycline- and Oxytetracycli ne-concentrations in soils
manured with slurry (30 — 60 cm, Soil- and groundwate  r-Screening, 2008)
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Veterinary Pharmaceuticals in soils and groundwater

Number of slurry-, digestate, soil- and groundwater-samples with tetracycline-
and fluoroquinolone- concentrations above limit of quantitation (LOQ)

Acitive slurry digestate soil groundwater
pharmaceutical (n=34) (n=35) (n=63) (n=21)
ingredient

Chlorotetracycline 7 <5 ug/kg DM 8 <0,05 pg/l
Oxytetracycline 5 <2,5 pg/kg DM 3 <0,05 pg/l
Tetracycline 12 9 10 <0,05 pg/l
Enrofloxacin 5 20 <5 ug/kg DM <0,05 pg/l
Ciprofloxacin (main 3 15 <5 pg/kg DM <0,05 pg/l
metabolite of

Enrofloxacin)

Difloxacin <3 pg/kg DM 6 <5 pg/kg DM <0,05 pg/l
Sarafloxacin 1 1 <5 ug/kg DM <0,05 pg/l
(Metabolite of

Difloxacin)

Marbofloxacin 3 <3 ug/kg DM | <5 ug/kg DM <0,05 pg/l
Danofloxacin 1 7 <5 pg/kg DM <0,05 pg/l

[ ] =belowLOQ
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Veterinary Pharmaceuticals in soils and groundwater
Number of slurry-, digestate, soil- and groundwater-samples with sulphonamides and

trimethoprim- concentrations above limit of quantitation (LOQ)

Acitive pharmaceutical slurry digestate soil groundwater
ingredient (n=34) (n=35) (n=63) (n=21)
Sulfachlorpyridazin <1,5 pg/kg 1 <5 pg/kg DM < 0,05 pal/l
DM
Sulfadiazin 5 14 <5 ug/kg DM < 0,05 pgl/l
“-Hxdroxy-Sulfadiazin 8 10 n.a. n.a.
N-Acetyl-Sulfadiazin 6 4 n.a. n.a.
Sulfadimidin/ 6 11 <5 pg/kg DM < 0,05 pgl/l
Sulfamethazin
Sulfamerazin <1,5 pg/kg 1 <5 pg/kg DM < 0,05 pal/l
DM
Sulfameter <1,5 pg/kg 2 n.a. n.a.
DM
Sulfamethoxazol <1,5 pg/kg 3 < 5ug/kg DM 1
DM
Sulfaquinoxalin 3 <1,5 pg’kg DM|| <5 pg/kg DM < 0,05 pg/l
Trimethoprim 1 <1,5 pg’kg DM || <5 pg/kg DM < 0,05 ugl/l

= below LOQ

n.a.: not analysed
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Veterinary Pharmaceuticals in soils and groundwater
Comparison of tetracycline-concentrations in slurry and in soils manured with slurry

There is no information on the concentration of veterinary pharmaceuticals in
slurry that has been used as manure at the soil- and groundwater-screening-sites

Therefore the maximum load of veterinary pharmaceut icals is alternatively
estimated on the basis of the concentration in slur ry of the slurry-and
digestate-screening in 2009:

Assumptions:
Application of 30 tons slurry per hectare and year
Concentration in slurry (maximum): 2,45 mg tetracycline/kg DM resp.

3,60 mg chlorotetracycline/kg DM
Depth: 0 — 30 cm, 10 % DM in slurry

—> concentration in soils: 1,6 ug tetracycline/kg DM resp.
2,4 ug chlorotetracycline/kg DM.

The concentration measured in soils is higher than the estimated
concentration.
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Veterinary Pharmaceuticals in vegetables

In different publications the transfer of veterinary pharmaceuticals
from soll into plants with different test conditions is described.

To ascertain the possible transfer of veterinary pharmaceuticals from
soils manured with slurry into vegetables, soils and vegetables have
been investigated at 20 sites in North Rhine-Westphalia in 2011.

= Sampling of soil-samples at 20 sites (0 — 30 cm)
= Sampling of 10 samples of white cabbage and 10 samples of
onions
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Veterinary pharmaceuticals in vegetables
Results

= In all analysed 20 samples of vegetables tetracyclines, sulphonamides
and fluoroquinolones could not be detected
LOQ:
Tetracyclines: 0,3 — 1,1 pug/kg FW
Sulphonamides: 0,2 — 36 ug/kg FW
Fluoroquinolones: 0,05 — 0,65 pg/kg FW

= |n soils sulphonamides and fluoroquinolones could not be detected
(LOQ: 5 ug/kg DM)

= In 4 top-soils (0 — 30 cm) tetracyclines have been detected with
maximum concentrations of
35 pg oxytetracycline/kg DM
98 ug tetracycline/kg DM
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Veterinary pharmaceuticals in vegetables
Tetracycline-, Chlorotetracycline- and Oxytetracycli ne-concentrations in soils
manured with slurry (0 — 30 cm, Vegetable-Screening, 2011)
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Conclusion (1)

= By application of slurry to agricultural land in am ounts usually
used in agricultural practice veterinary pharmaceut icals can be
found in solls.

= In slurry tetracyclines, sulphonamides and fluoroqu iInolones
were detected.

» |n soils only tetracyclines were found, sulphonamid es and
fluoroquinolones could not be detected.

= The concentrations of tetracyclines in soils are be low the
threshold limit value of 100 ug/kg (EMEA/VICH phase ).

» Repeated application of slurry leads to enrichment of
veterinary pharmaceuticals in soils.
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Conclusion (2)

* In groundwater tetracyclines and fluoroquinolones w ere not
found. Only at one site the active ingredient sulfa  methoxazol
has been detected, but the other sulphonamides were below
LOQ.

= The application of slurry to agricultural land in a mounts usually
used in agricultural practice does not yet lead to a relevant
Input into groundwater.

* |n vegetables tetracyclines, sulphonamides and
fluoroquinolones could not be detected. Under the c onditions
of agricultural practice there is no indication tha t transfer of
veterinary pharmaceuticals from soils manured with slurry into
vegetables is a relevant problem.

= Due to the antibiotic effects of these compounds th e input into
soils should be minimized to avoid spreading of ant ibiotic
resistance.
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