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1 Introduction

After the administration of veterinary medicinal products (VMP) in livestock husbandry,
parent compounds and metabolites are excreted by production animals via urine and
feces. In loose housing stables with slatted floors, the excrements are transferred to
the manure aboveground silos or underground pits. After the storage of manures up to
several months, they are applied to farmland or grassland soils as organic fertilizers.
VMP that are not degraded during manure storage enter soil environments via this en-
try route (Halling-Sagrensen et al., 1998). This fact is namely considered relevant by the
authorization procedure of VMP (VICH, 2000, 2003). For the risk assessment in Phase
|, the trigger of 100 ug VMP kg™ soil is defined. During manure storage, however, deg-
radation and sorption of VMP are not taken into account as concentration determining
processes. If this trigger is exceeded for antibiotics, those substances have to undergo
testing on acute ecotoxicological effects and on degradation and sorption in soils and
surface waters (Koschorreck et al., 2002, Rénnefahrt et al., 2002). For antiparasitics,
those laboratory tests are mandatory. In those Phase Il tests, the test substances un-
der study are applied in an appropriate solvent. This procedure is defined as the stan-
dard application. Thus, possible matrix effects of the manures are not considered.

Numerous studies on fate and behavior of VMP in bovine and pig manures clearly
demonstrated possible effects of manure storage and manure application on the fate of
VMP in soils (Holtge and Kreuzig, 2007, Kreuzig and Holtge, 2005, Kreuzig et al.,
2007, Kihne et al., 2000, Loke et al., 2003). Nevertheless, there is a lack of a technical
protocol for laboratory tests on the fate of VMP in manure and manured soils until to-
day. That may be partly caused by the impossibility of taking representative and repro-
ducible samples in manure silos up to a volume of 10000 m® and the preparation of test
manures’ applied in the laboratory tests to simulate the real entry route of VMP into soil
environments. The objectives of the Manure Project, therefore, are targeted at the de-
velopment of a technical protocol for laboratory tests on the degradation of VMP in bo-
vine and pig manures as well as on degradation and sorption in manured soils. There-
fore, an innovative research concept was developed focused on sampling of excrement

samples of cattle and pigs individually kept at an experimental stable, matrix charac-

! "Test manures" define real manure samples that were fortified with the respective C-labeled
VMP and incubated to simulate aging processes of VMP residues during the storage of ma-
nure.



terization of the excrement samples, preparation of reference manures, carrying out of
degradation tests for selected VPM in manures, preparation of test manures and fate
monitoring in manured soils. These laboratory tests have been directed as closely as
possible to the principles of good agricultural practice, to the analytical feasibility con-
sidering appropriate time and cost limits and to the analytical quality assurance
checked in first intra- and interlaboratory tests. The methodological aspects have been
compiled in the proposal of the Technical Protocol (draft version) and, together with the
results of the Manure Project, they were presented in the UBA Expert Symposium held

in Braunschweig, Germany, on 20 to 21 February 2007.



2 Excrements and reference manures

Liquid manures are heterogeneous matrices of high complexity and variability. This
heterogeneity is dependent on the animal species, the animals” age, feeding conditions
and VMP administration. This fact has been clearly shown by the studies of LUFA
Nord-West (Merkel, 2005) in that 2000 samples of bovine and pig manures each were

analyzed from 1997 until 2004. Selected results are listed in Tab. 2.1.

Tab. 2.1: Differences in the composition of 2000 bovine and pig manure sam-
ples from 1997-2004 (Merkel, 2005)

Parameter ds P>Os Cu NH.-N Niotal
[%] [0kg™l | [mgkg" | [gkg’] [g kg]

Bovine manure

minimum 0.4 0.05 0.08 0.01 0.43

median 8.7 1.7 3.9 1.7 4.0

maximum 12.3 2.7 12.1 2.9 5.7

Pig manure

minimum 0.4 0.03 0.22 0.27 0.60

median 4.9 23 16.1 2.7 4.6

maximum 11.6 6.3 53.1 4.9 8.3

Additionally, residues of feeding stuff and straw as well as disinfection and cleaning
agents may be released into the storage tanks by farming practices enhancing the het-
erogeneity of manures (Hoffmann and Hege, 1991; Montforts and Tarazona Lafarga,
2003; Schuchardt and Hahne, 1996). Finally, organic constituents and contaminants of
manures undergo decomposition processes during the storage of manures up to sev-
eral months (German Ordinance Concerning Fertilizers, 2006). Due to these aspects,
the representative and reproducible sampling of manure from tanks up to a volume of
10000 m* is regarded impossible.

In order to develop the methodology of degradation tests of VMP in manure, therefore,
the Manure Project is focused on a tiered research concept. At first, excrement sam-
ples were taken from individually kept production animals. On the basis of the matrix

characterization, tap water was then added to those samples to prepare reference-



manure samples with defined dry substance contents. Finally, these samples were

matrix characterized again.

2.1  Excrement sampling

The excrements were sampled from conventionally fed single cattle and pig groups of
6-8 individuals in the experimental stable of the Institute of Animal Nutrition, Federal
Agricultural Research Centre (FAL), Braunschweig, Germany, and in a dairy cow farm
as well as in a pig fattening farm in Ohrdorf and Erpensen, Lower Saxony, Germany.
Six different excrements per animal species, cattle and pigs, were taken considering
the different age of animals and different feeding conditions. The sampling periods av-
eraged between 12 to 24 h.

Due to the 32-% contingent of diary cows within the cattle livestock in Germany (Ger-
man Federal Statistical Office, 2006), excrements of diary cows were mainly selected
for laboratory testing (BE-1, BE-3, BE-4, BE-5, BE-6) (Tab. 2.2).

Tab. 2.2: Origin of bovine excrements (BE)

. Age of .
Excrement Origin ) Feeding
animals

FAL, Braun- maize silage, grass silage, wheat si-
BE-1 ) 5 years )

schweig lage, pellet, mineral food

FAL, Braun- ) ) ) )
BE-2 _ 8 months | maize silage, grass silage, wheat silage

schweig

Meyer, Farm maize silage, grass silage, hay, pellet,
BE-3 5 years )

Ohrdorf mineral food

FAL, Braun- i . .
BE-4 _ 5 years maize silage, pellet, mineral food

schweig

FAL, Braun- grass silage, maize silage, pellet, min-
BE-5 . 4 years

schweig eral food

FAL, Braun- grass silage, maize silage, pellet, min-
BE-6 ) 5 years

schweig eral food




Additionally, calf excrements (BE-2) were taken considering calves constitute the sec-
ond important contingent (31 %) in cattle livestock and they are the major medically
treated group. Except for the calf that did not get any pellet and mineral food, the feed-
ing conditions of these animals were adequate to standard nutrition conditions reflect-
ing the herbivore nutrition type of cattle. All animals belonged to the German Holstein
Black and White Race. The feeding frequency was twice the day and the water uptake

occurred autonomously.

Tab. 2.3: Origin of pig excrements (PE)
o Age of )
Excrement Origin . Feeding
animals
46 % barley, 35 % wheat, 15 % soya
FAL, Braun- pellet,1.5 % soya oil, 2 % vitamins/
PE-1 . 6 months . _
schweig minerals/trace elements, 0.5 % amino
acids
25 % barley, 50 % wheat, 20 % soya
FAL, Braun- . . . .
PE-2 ) 12 months | pellet, 2 % soya oil, 3 % vitamins/mine-
schweig
rals/trace elements
60 % potato refuse, 30 % wheat/barley,
Beyer Farm, | 6-8 ) )
PE-3 7 % soya pellet/soya oil, 3 % vita-
Erpensen months ) i
mins/minerals/trace elements
46 % barley, 35 % wheat, 15 % soya
FAL, Braun- pellet,1.5 % soya oil, 2 % vitamins/
PE-4 ) 4 months ) ]
schweig minerals/trace elements, 0.5 % amino
acids
37 % barley, 27.5 % wheat, 18 % soya
FAL, Braun- » _
PE-5 . 4 months pellet,12.5 % triticale, 2 % soya oil, 3 %
schweig o )
vitamins/minerals/trace elements
46 % barley, 35 % wheat, 15 % soya
FAL, Braun- ) o
PE-6 ) 7 months pellet,1.5 % soya oil, 2.5 % vitamins/
schweig . . .
minerals/trace elements/amino acids




(COD)

Tab. 2.4: Matrix characterization of excrement samples
Parameter Guideline Equipment

Dry substance ISO 11465 ultra-X infrared heater (Gronert, Germany)

content (ds) (1993) or a drying oven

Mineral content DIN 19684-3 muffle furnace (Haereus, Germany)

(Rmin) (2000)

Copper (Cu), ISO 11885 Laboratory Microwave Equipment (Start

phosphate con- (1996) system with Terminal 320, MLS, MWS-

tent (P) Vertrieb GmbH, Leutkirch, Germany), ICP-
OES system (Vista-MPX CCD simultane
ICP-OES, Varian, Palo Altra, CA, USA)

Total organic ISO 10694 C-Analyser Dohrmann DC-90 (Dohrmann,

carbon (TOC) (1995) Santa Clara, CA, USA)

pH value DIN EN 12176 | pH Multical 535 GLP with pH-glass elec-

S5 (1998) trode SenTix 61 (WTW Weilheim, Germany)

Redox potential DIN 38404 C6 | pH Multical 535 GLP 8, (WTW Weilheim,

(Eh) (1984) Germany) with redox-electrode (Inolab Re-
dox Einstabmesskette, Mettler Toledo,
Giessen, Germany)

Dissolved ISO 5814 Oxi 340i with OxiCell 325 oxygen-electrode

oxygen (Oy) (1990) (WTW, Weilheim, Germany)

Total nitrogen ISO 11261 Digestion Unit 430 and Distillation Unit 323

(Nitotal) (1995) (Buchi Labortechnik GmbH, Essen, Ger-
many)

Ammonium ISO 5664 Distillation Unit 323 (Buchi Labortechnik

nitrogen (NH4-N) | (1984) GmbH, Essen, Germany)

Biological ISO 5815 Oxi 340i with OxiCell 325 oxygen-electrode

oxygen demand | (2003) (WTW, Weilheim, Germany), Karlsruher

(BODs) bottles, 250 mL (Schott, Mainz, Germany)

Chemical ISO 15705 Cuvette test LCI 400, Spectral-Photometer

oxygen demand | (2002) Cadas 100 (both Hach Lange GmbH,

Dusseldorf, Germany), Thermoblock TR
205 (Merck, Darmstadt, Germany)




Besides 13 millions of cattle, 27 millions of pigs are kept in Germany (German Federal
Statistical Office, 2006). The main part of the latter accounted for fattened pigs (40 %).
Due to the omnivore nutrition type of pigs, a major variability of feeding conditions had
to be taken into account (Tab. 2.3). PE-1, PE-4, PE-5 and PE-6 excrements were ex-
creted by pigs fed according to the standard feeding conditions, while PE-2 were from
pigs fed with a definitely higher wheat amount (50 %). PE-3 were from pigs fed with 60
% potato refuse from a potato chips factory. The food uptake amounted approximately
3.5 kg per animal and day and the water uptake occurred autonomously. All excre-
ments were taken from animals of the German Federal Hybrid Breeding Program
(BHZP).

2.2 Characterization of excrement matrices

The characterization of the excrement samples under study was based on the determi-
nation of physico-chemical parameters listed in Tab. 2.4. These are frequently applied
for the analysis of waste water, sewage sludge and soil samples or used to assess the
biogas potential of different manures (Hahne, 2001; Huther, 1999; Mgller et al., 2004;
Schuchhardt and Hahne, 1996). For quality assurance, the analyses were generally

performed in duplicates.

For the determination of the dry substance contents (ds), excrement samples (1 to 6
g) were dried in a drying oven to constant mass at 105 £+ 5 °C (ISO 11465, 1993). The
dry substance content, expressed as percentage by mass to an accuracy of 1 % (m/m)

is calculated using the following formula:

m,—m,)-100 %
(mb_ma)

ds=(

m,:  mass of the empty crucible [g]
my,:  mass of the crucible plus sample; initial weight [g]
ms.  mass of the crucible plus oven-dried sample; output weight [g].

Alternatively, an infrared heater was used to drive out the water. For this procedure, 3
to 5 g of the homogenized samples were equally distributed on the weighing scale and

the infrared heater was then activated. At mass constancy, the dry substance content



was calculated according to:

~m,-100 %
m

ds or ds =100 % — WH,0

a

m,: initial weight [g]
m,:  output weight [g]
Wh,o! water content [%].

The repeatability of both methods was tested for selected excrement and manure sam-

ples. As shown in Tab. 2.5, both methods supplied consistent results.

Tab. 2.5: Determination of dry substance contents by means of drying oven or

infrared heater (n=4)

Sample 105+5°C IR heater
ds [%] ds [%]
Bovine excrement 11+0.6 12+0.8
Bovine manure 9+0.6 9+0.5
Pig excrement 21+04 23+0.8
Pig manure 4+0.9 5+1.3

For the determination of the mineral content (Rmin), the dried substance of excrements
samples were tempered in a muffle furnace at 550 + 25 °C according to DIN 19684-3
(2000). The difference of an amount of excrement before and after the tempering pro-
cedure is used to calculate the mineral content that is expressed with an accuracy of
1 1 % (m/m) according to

(m,—m,)-100
(mb_ma)

Ry, =100 —

m,:  mass of empty crucible [g]

my,:  mass of crucible plus dry substance [g]

ms.  mass of crucible plus combusted dry substance [g]
100: conversion factor to percent.

For quality assurance, selected bovine excrements were analyzed in 4 replicates. With

deviations < 11 % the reproducibility of this method was given (Tab. 2.6).



Tab. 2.6:

Determination of mineral content in selected excrements

Rminl Rmin2 Rmin3 Rmin4 @ Rmin
Sample

[% ds] [% ds] [% ds] [% ds] [% ds]
BE-1 18 21 17 21 19+2
BE-3 24 25 24 24 24+0
BE-4 15 16 15 15 15+1

BE: bovine excrement

The determination of copper and phosphorus content was performed according to
ISO 11885 (1996). After a microwave digestion, a measurement of atomic emission by
optical spectroscopy (ICP-OES) was performed. After the addition of 8 mL nitric acid,
2 mL hydrogen peroxide and 2 mL water, the digestion process with 100 to 200 mg
excrement samples (ds) was conducted by means of microwaves at 200 °C for 1 h.
Then, ICP-OES analyses followed. For external calibration, standard solutions from
0.01 to 100 mg L were analyzed. The instrument performance was checked by ana-
lyzing a reference standard solution after every 10 samples. Furthermore, one blank of
an acidified water sample was analyzed. The concentration of this sample was sub-
stracted from all samples. The element content was expressed in mg kg™ fresh weight
with an accuracy of 1 mg kg™'. Results higher 1000 mg kg™~ were expressed in g kg™

fresh weight with an accuracy of 1 g kg™.

The total organic carbon (TOC) in excrement samples was determined by means of
combustion in an oxygen stream at 900 °C and subsequent infrared detection of car-
bon dioxide released. For this purpose, carbonate was removed from excrement sam-
ples by an excess of hydrochloric acid (4 M). Subsequently, they were dried, homoge-
nized and mixed with aluminum oxide (1:20). The mixed samples were combusted and
the combustion gas was analyzed by means of a non-dispersive infrared detector. The
organic carbon amount was calculated on the basis of an external standardization in a
range of 20 to 150 pg carbon, using an oxalic acid dihydrate (C,H,O, - 2 H,O) stan-
dard, mixed with aluminum oxide (1:9). The repeatability was checked by analyzing
potassium hydrogen phthalate (CsHsKO,) standards. The average recovery was 99 %

with a relative standard deviation of 6 %.



Besides the pH values, redox potentials (Eh) and dissolved oxygen contents (Oy)
were measured directly in the excrements by means of electrodes. By means of the
latter ones, anaerobic conditions, typical for storage conditions in manure tanks, were
identified. For this purpose, threshold values of Eh < +150 mV and O, < 0.1 mg kg™
have been defined according to Ndegwa et al. (2003) and Michels et al. (2000). They
specified permanent aerobic conditions in pig manure and in waste water by minimum
levels of Eh = +150 mV and Eh = +200 mV, respectively. On the other hand, the limit of
microbial activity in liquid media under aerobic conditions was O, =0.1 mg kg™
(Strauch et al., 1977, Domsch, 1992).

For the total nitrogen (Nita) determination by Kjeldahl digestion, 1 to 3 g of the ex-
crement samples were weighted into digestion tubes. Subsequently, 1 Kjeldahl tablet
(5 g, Hg- and Se-free; Merck, Darmstadt, Germany), 10 mL concentrated sulfuric acid
and boiling chips were added. Digestion followed at maximum 410 °C for 3 h. After
cooling down, the distillation was carried out using 30 mL demineralized water and
70 mL sodium hydroxide solution (32 %) for 10 minutes. Distillates were introduced into
50 mL boric acid solution (2 %) with 200 yL mixed Indicator V for ammonia titrations
(Merck, Darmstadt, Germany) and titrated with 0.1 M hydrochloric acid from green to
grey. A blank test in which the same procedure was performed without excrements was
carried out, too. The total content of nitrogen in g N kg sample rounded to one signifi-

cant figure, was calculated using the formula:

N, — V, - Vo) ¢ -My
total — m
\2% Volume of hydrochloric acid used in the titration of the sample [mL]
Vo: Volume of hydrochloric acid used in the blank test [mL]
m: Mass of the excrement sample [g]
c: Concentration of hydrochloric acid [0.1 M]

My:  Molar mass of nitrogen [= 14.01 g M™"].

For quality assurance, excrement and manure samples were fortified with phenyl-
alanine. These fortification experiments revealed a limit of determination of 2 g kg™ with
an average recovery of 101 + 6 %. Recoveries of 97 + 8 % were obtained for phenyl-

alanine standards analyzed without matrix to check the instrument performance.
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According to the total nitrogen determination, the ammonium nitrogen (NH4;-N) was
determined, however, without any digestion procedure. For distillation, 15 mL deminer-
alized water and 30 mL sodium hydroxide solution (32 %) were used. Distillation time
was 10 min, too. For quality assurance, excrement and manure samples were spiked
with ammonium sulfate solution. In these fortification experiments, a limit of determina-
tion of 0.2 g kg™ and recovery rates of 100 + 12 % were obtained. The repeatability of
this method was revealed by recovery rates of 99 + 1 %, analyzed for ammonium sul-
fate standards without matrix.

In fresh matrices, readily degradable nitrogen containing substances, e.g., urea, are
decomposed by ammonification. Thus, the ammonium nitrogen and the ammonium
nitrogen/total nitrogen ratios increase. Hence, Hahne (2001) mentioned those ratios

may indicate aging processes in excrement samples.

The biological to chemical oxygen demand ratio (BODs/COD) is frequently deter-
mined to characterize the degradability of waste water pollutants (Hutter, 1994). Rapid
biodegradability is reflected by a ratio of 0.5 to 1, a ratio < 0.5 shows minor biodegrad-
ability and at < 0.1 biodegradability is excluded. Both parameters can be drawn on for
the characterization of decomposition processes in excrements, too (Hahne, 2001).
Furthermore, the BODs is one indicator for the microbial activity in manure. Both pa-
rameters are analyzed as follows:

For the BODs determination, the excrement samples were diluted by adding tap water
at 1:2000 for bovine excrements and at 1:4000 for pig excrements. To inhibit nitrifica-
tion, 2 mL allylthiourea solution L (0.1 %; Merck, Darmstadt, Germany) were added.
The diluted excrement samples were then filled into 250-mL airtight bottles (Karlsruher
bottles; Schott, Mainz, Germany). Those were incubated at 20 °C in the dark for 5
days. The BODs was calculated from the difference between initial and final dissolved

oxygen content, allowing for blank value:

Vt _Ve

t

\
BODs:{(Q—Cz)_ ‘(C3—C4) V_t

C,: dissolved oxygen concentration in the sample solution at time zero [mg kg™
C,: dissolved oxygen concentration in the sample solution after five days [mg kg™']
C,: dissolved oxygen concentration in the blank solution at time zero [mg kg™

11



C,: dissolved oxygen concentration in the blank solution after five days [mg kg™]
V, : total volume [mL]
V sample volume [mL].

Results below 1 g oxygen kg’ excrement were reported with two significant figures.
Results between 1 g kg™ and 10 g kg™ were reported to one significant figure. Results

> 10 g kg™ were reported without decimal places.

The COD was determined by means of the cuvette test according to ISO 15705 (2002)
(LCI 400; Hach Lange GmbH, Diisseldorf, Germany) applicable up to 1000 mg O, kg™.
By means of the sulfuric acid/ potassium dichromate treatment, catalyzed by silver ni-
trate, organic substances of the excrement samples were completely oxidized during a
digestion procedure at 148 °C for 2 h. Simultaneously, Cr®* was reduced to Cr**. The
extinction of the green colored Cr** solution was determined by photometric measure-
ment at A = 605 nm. For this purpose, bovine and pig excrement samples were diluted
to ratios of 1:200 and 1:250, respectively. The performance of this method was
checked using potassium hydrogen phthalate solution (COD: 200 mg L") and spiked
samples. Recovery rates were 105 + 10 % and 77 £ 9 %, respectively, demonstrating

the efficiency of the cuvette test.

Tab. 2.7: Determination of chemical oxygen demand with different methods

COD COD
Sample ISO 15705 ISO 6060

[g kg™ [9kg™]
Standard 101 96
Bovine excrement 56 42
Bovine manure 37 38
Pig excrement 111 82
Pig manure, PM-1 29 26
Pig manure, PM-2 37 35

Alternatively the COD was determined according to ISO 6060 (1989). A sample aliquot

was digested under reflux in the presence of mercury(ll) sulfate with a known amount
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of potassium dichromate and silver catalyst in strong sulfuric acid. After the digestion

process, the titration of the remainder of the dichromate with ammonium iron(ll) sulfate

was conducted. The COD of selected samples was determined using both methods.

revealing their consistency (Tab. 2.7).

Tab. 2.8: Characterization of bovine and pig excrements within the precondi-
tioning period
Parameter BE-4 BE-5 PE-4 PE-5
ds
13+ 1 12+0 17 £ 1 160
[%]
TOC
p 51+3 40+ 3 64 £4 72+9
[0 kg']
pH 6.2+0.2 6.5+0.2 6.2+0.2 6.1+0.2
Eh
<150 <150 <150 <150
[mV]
(O] d0-5: >01 dOto7: >0.1 d0-6: >0.1 d0o-7: >01
[mg kg™] d 5-20: <01 d5to21:<0.1 d6-21: <01 d7-28: <0.1
NH4-N d0-8: 1.0-16 | d0-14:0.8-1.2 | d0-13: 3.6-5.6 | d 0-22: 2.8-5.8
[g kg™ d 8-20: 1.6 d14-21:1.2 d13-21: 5.6 d 22-28: 5.8
Ntotal
y 3.6+0.2 3.1+£0.2 9.0+£0.2 89+04
[9kg']
NH4-N /
0.3t00.5 0.3to 0.4 0.4t00.6 0.3t0 0.6
Ntotal
BODs
y 2314 8+2 24 +£2 22 +1
[0 kg']
COD
p 83+8 62+8 120+ 8 147 + 11
[0 kg']
BODs/
0.3 0.1 0.2 0.2
COD

Changes in the excrement matrices were mainly reflected by the dissolved oxygen the

and ammonium content. As shown by the dissolved oxygen contents, bovine and pig
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excrements were not strictly anaerobic until a preconditioning period of 7 days, respec-
tively. The redox potentials remained at Eh < +150 mV. Ammonium contents increased
from 0.9 to 1.4 g kg™ and from 3.2 to 5.6 g kg™ in bovine and pig manure, respectively.
That indicated the decomposition from readily degradable nitrogen containing sub-
stances, e.g., urea, resulting in an increasing NH4-N/Na ratio. The other parameters
remained nearly constant displayed by the standard deviations listed in Tab. 2.8.

Taking these results into special consideration, preconditioning periods of 14 days for
bovine excrements and 22 days for pig excrements were maintained to assure con-
stant anaerobic conditions and ammonium nitrogen contents. Thereafter, excrement
samples could be stored at 4 to 7 °C in the dark without further changes and then ap-

plied for laboratory testing until analyrical processing.

2.3 Excrement storage tests

Directly after excretion, readily degradable organic compounds of the excrements un-
dergo rapid decomposition enhancing the matrix heterogeneity (Strauch et al., 1977).
To reduce this effect, excrement samples were preconditioned. For this purpose, they
were stored in 20-L containers at ambient temperature up to 28 days after sampling.
Within this period, they were regularly homogenized. Aliquots were taken every 2 to 7
days for matrix characterization.

The application of manure samples for testing the VMP degradation requires the re-
peatability in sampling of excrements and preparation of the reference manure sam-
ples. Furthermore, providing of reserve samples is a relevant aspect of analytical qual-
ity assurance.

For this purpose, the long-term storage up to 378 days was tested. Therefore, BE-1
and PE-1 already matrix characterized were stored at -20 °C in 1- to 2-L plastic con-
tainers. After defrosting, the excrements were stored at ambient temperature for 3 days
to reactivate the excrement inherent microorganisms. Then, these samples were matrix
characterized again to check for changes. The comparison of excrement parameters
before and after freezing did not show relevant differences (Tab. 2.9). Thus, reserve
samples can be used after long-term storage at -20 °C for further analytical processing

without any impacts on the analytical quality.
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Tab. 2.9: Effects of long-term storage at -20 °C on the quality of reserve sam-

ples of preconditioned bovine and pig excrement samples

Bovine excrement (BE-1) Pig excrement (PE-1)
preconditioned for 8 days preconditioned for 13 days
storage at -20 °C storage at -20 °C
Storage
period [d] / 0 19 185 378 0 7 110 322
Parameter
ds
13 13 14 13 22 23 21 22
[%]
TOC
p 53 47 39 46 70 60 73 96
[9kg']
pH 6.8 6.5 6.5 7.4 7.3 7.3 7.2 7.3
Eh
60 100 130 | -140 | -140 -10 -270 -30
[mV]
O2
p <0.1 <0.1
[mg kg']
NH4-N
p 1.7 1.5 1.7 1.7 8.3 9.0 9.3 9.0
[9 kg™]
N otal
e 43 | 40 | 40 | 40 | 140 | 138 | 137 | 13.8
[9 kg™]
NH4-N/
0.4 0.4 0.4 0.4 0.6 0.7 0.7 0.7
Ntotal
BODs
Py 7.6 7.6 11 9.1 29 28 26 23
[9 kg™]
COD
p 80 73 88 63 182 135 169 179
[9 kg™]
BODs/
0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.1
COD
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Tab. 2.10: Composition of bovine excrements (BE) and reference manures (BM)

Excrements Reference manures
Matrix / BE-1 BE-2 BE-3 | BE4 | BE-5 | BE-6 | BM-1 | BM-2 | BM-3 | BM-4 | BM-5 | BM-6
Parameter
ds [%] 13 13 10 13 12 13 adjusted to 10 %
Rmin [% TS] 19 15 24 15 12 13 - - - - - 13
Cu[mg kg™] 13 7 6 12 6 7 10 5 6 9 5 5
P [g kg™ 0.9 0.7 1.1 1.0 0.7 0.9 0.7 0.6 1.1 0.8 0.6 0.8
TOC [g kg™] 47 54 40 50 42 57 39 42 39 39 37 44
pH 6.9 8.4 8.0 6.2 6.5 6.3 7.0 8.1 8.0 6.6 6.6 6.7
Eh [mV] 40 10 -20 -40 -40 -100 -40 -80 -20 10 -100 -160
O,[mg kg"] <0.1 <0.1
NH4-N[g kg™'] 1.6 4.5 4.0 1.6 1.2 23 1.3 3.2 4.0 1.3 0.9 1.6
Ntotar [g kg''] 4.1 6.4 6.5 3.5 3.1 4.4 3.2 5.0 6.5 2.6 25 3.8
BODs[g kg™ 94 11 6.0 23 8.5 18 8.3 7.3 6.0 14 9.3 9.9
COD [g kg™] 76 70 65 83 62 120 71 60 65 50 59 112




Ll

Tab. 2.11: Composition of pig excrements (PE) and manures (PM)

Excrements Reference manures
Matrix / PE-1 PE-2 PE-3 | PE4 | PE-5 | PE6 | PM-1 | PM-2 | PM-3 | PM-4 | PM-5 | PM-6
Parameter
ds [%] 23 18 21 17 16 13 adjusted to 5 %
Rmin [% TS] 22 19 15 21 17 16 - - - - - 16
Cu[mg kg™] 25 29 29 16 16 8 6 8 7 5 5 3
P [g kg™ 4.4 3.8 2.2 23 3.0 24 1.0 1.1 0.5 0.7 0.9 1.0
TOC [g kg™] 74 93 103 66 70 56 19 20 21 22 20 18
pH 7.4 7.3 5.7 6.3 6.1 6.8 7.7 7.0 5.8 7.5 6.7 7.3
Eh [mV] - 130 -90 40 -50 -100 -180 -180 -90 60 -170 -110 -180
O,[mg kg"] <0.1 <0.1
NH4-N[g kg™'] 9.2 6.2 34 5.8 5.7 4.5 1.9 2.0 0.9 2.0 1.7 1.8
Nrotal [9 kg™'] 13.8 9.9 9.4 9.0 8.9 6.8 3.0 3.0 2.3 2.6 2.7 2.8
BODs[g kg™ 27 23 28 25 21 21 10 10 10 12 9.5 9.1
COD [g kg™ 173 98 153 124 147 103 40 41 41 32 49 48




2.4  Preparation of reference manures

On the basis of the characterized excrement samples, reference-manure samples were
prepared for laboratory tests on degradation of VMP. For this purpose, the dry sub-
stance contents of bovine and pig manures of 10 % and 5 %, respectively, were ad-
justed by adding tap water to the related excrement samples. These dry substance
contents corresponded to the average values given for Germany (Buning, 1997,
Merkel, 2005; Mgller et al., 2004; Schuchardt and Hahne, 1996).

Consequently, the prepared manure samples were matrix characterized to identify dif-
ferences to the primary excrement samples. For bovine excrements and manures, the
physico-chemical parameters under study are listed in Tab. 2.10. Considering single
parameters, minor differences occurred between the excrement and manure matrices
under study (Merkel, 2005). Starting from excrements of dry substance contents rang-
ing from 10 to 13 %, it became obvious that the primary different total organic carbon
contents were compensated by the addition of tap water to prepare the manure sam-
ples. pH values, redox potentials, dissolved oxygen contents and the ammonium nitro-
gen/total nitrogen ratios as well as the biological/chemical oxygen demand ratios re-
mained nearly unchanged.

The comparison between pig excrements and manures also showed differences for
both matrices. The defined preparation of corresponding references manures, how-
ever, reduced the heterogeneity of pig manures from manure tanks (Tab. 2.11). By
means of this innovative approach of reference manure preparation, bovine and pig
manures become matrices that are available for reproducible laboratory testing. There
is a further relevant advantage that is not expressed by both tables: It is assured that
these reference manures are free of any VMP and biocide residues which may inter-

fere the laboratory tests due to their bioactive properties.

2.5 Soil sampling

For testing on degradation and sorption of VMP in manured soils, topsoil samples were
taken from two farmlands (Tab. 2.12). Soil samples were sieved < 2 mm and stored at
-20 °C for 90 days at maximum. Prior to the start of the mobility tests, soil samples

were air dried. For degradation tests, however, soil samples were reconditioned at am-
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bient temperature for 3 days. Microbial activity was determined by substrate induced
respiration (SIR) (ISO, 2003). Thus, the oxygen demand ranged from 1.9 to 2.3 mg O,
100 g dry soil h™' for the microbially active clay soil and from 0.3 to 0.5 mg O, 100 g”'

dry soil h™" for the sand soil, independent if sampled field-fresh or reconditioned.

Tab. 2.12: Soil properties of soils under investigation

Investigation site Adenstedt Nienwohlde
Landscape Ambergau Luneburger Heath
Vegetation wheat potato
Soil type Luvisol Cambisol
Texture: silty clay silty sand
sand [%] 5.0 76.8
silt [%] 55.5 19.1
clay [%] 38.5 4.2
pH (cacl,) 6.9 54
WHCax [%] 42.5 26.6
OC [%] 1.6 0.8
Microbial biomass [%] 3.7 14
SIR [mg 0,100 g" h™] 2.1 0.4

WHCax : maximum water holding capacity

oC : organic carbon

SIR . substrate-induced respiration
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3 Test substances

Besides the matrix characterization of bovine and pig excrements and reference ma-
nures, the development of the technical protocol for degradation tests of VMP in ma-
nure as well as for degradation and sorption tests in manured soils focused on the ap-
plication of test substances. Due to the undeniable advantage of setting up detailed
mass balances with special consideration of mineralization and formation of extractable
and non-extractable residues, the test substances were applied as '*C-labeled radio-
tracers. Although the extractable fractions were screened for parent compounds and
metabolites by means of radio thin layer chromatography (RTLC), these laboratory
tests were merely targeted at the reproducible application of the reference manure
samples. It was not the goal of the Manure Project to elucidate the metabolic pathways
of the test substances by the concrete identification of their metabolites.

VMP under study belonged to different pharmaceutical groups. Their chemical struc-
tures are shown in Tab. 3.1. From the group of sulfonamide antibiotics, sulfamethoxa-
zole (SMZ) and sulfadiazine (SDZ), which are frequently used in veterinary medicine to
prevent and treat bacterial diseases (Boxall et al. 2004; Léscher et al. 2003), were
tested. In animal as well as in human metabolism, sulfonamides are partly decom-
posed to the corresponding acetyl-metabolites. After sulfamethoxazole treatment of
cattle, approximately 70 % were excreted via urine as the unchanged parent compound
accompanied by 28 % of acetyl-sulfamethoxazole and 2 % further conjugates (Institut
fur Veterinarpharmakologie und -toxikologie, 2006). In water, manure and soil, this me-
tabolite undergoes deacetylation and sulfamethoxazole is regenerated (Gébel et al.,
2005). Therefore, the degradation of *C-acetyl-sulfamethoxazole (A-SMZ) in manures
was tested, too.

The macrolide antibiotic erythromycin (ERY) is widely used in veterinary medicine
against numerous bacterial infections (Schluesener et al., 2006). Thus, this macrolide
was included in the fate monitoring studies in manures and manured soils. Additionally,
the degradation of ketoprofen (KET) was examined in bovine manure. Calves and dairy
cattles are medicated with this non-steroidal anti-inflammatory drug to control pain after
dehorning (Stafford and Mellor, 2005; Milligan et al. 2004; Faulkner and Weary, 2000).
Furthermore ketoprofen is used for the treatment of mastitis (Kluge and Ungemach,
1998).
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Tab. 3.1:

Chemical structures of test substances under study

Substance

Chemical structure

Sulfamethoxazole
(SM2)
N'-(5-methyl-3-isoazolyl)-
sulfanilamide

CH,
f'/
N\

[phenyl ring-U-"*C]-sulfamethoxazole

Acetyl-sulfamethoxazole
(A-SMZ)
N*-(3-acetyl-)-N"-(5-
methyl-3-isoxazolyl)-
sulfanilamide

(0] CH3
)k ﬁ
\
ey e

[phenyl ring-U-"*C]-acetyl-sulfamethoxazole

Sulfadiazine
(SD2)
N'-(2-pyrimidinyl)-
sulfanilamide

N/A\)
P
HZN@SOZ—H N

[phenyl ring-U-"*C]-sulfadiazine

Erythromycin

(ERY)
6-(4-dimethylamino-3-
hydroxy-6-methyl-oxan-2-
yl)oxy-14-ethyl-7,12,13-
trihydroxy- 4-(5-hydroxy-
4-methoxy-4,6-dimethyl-
oxan-2-yl)oxy-
3,5,7,9,11,13-hexamethyl-
1-oxacyclotetradecane-
2,10-dione

H3C\N _CH,

OH

CH,

Ketoprofen

(KET)
2-(3-benzoylphenyl)
propionic acid

[propionic acid-3-'*C]-ketoprofen

Paracetamol
(PCM)
4-(acetamidophenol)

)CL
H.,C N+

[phenyl ring-U-"*C]-paracetamol
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Paracetamol (PCM) completed the patterns of test substances. Besides the wide appli-
cation in human medicine, this antiphlogistic is used in pig herds to inhibit the anorexia
of infection and improves the clinical efficacy of the antiinfectious therapy against bac-

terial respiratory diseases (del Castillo et al., 2006; Emmerich and Ungemach, 2006).
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4 Experimental design

The application of "C-labeled radiotracers provides the undeniable advantage of bal-
ancing fate and behavior of applied test substances in complex environmental sam-
ples. In order to differentiate between mineralization (MIN), extractable (ER) and non-
extractable residues (NER), the use of closed laboratory-batch systems allowing for a
discontinuous gas exchange was required. Alternatively, flow-through systems were
applied. Both systems have been described in OECD guidelines (1981a, 2002) for test-
ing on biodegradability of chemicals in soils under predominantly aerobic conditions
typical for terrestrial topsoils. However, storage of bovine and pig manure in tanks is
dominated by anaerobic conditions. Hence, there is not any necessity for a continuous
gas exchange in degradation tests of VMP in manures. The requirement that laboratory
testing has to be conducted at definite time and cost limits thus favored the application
of the laboratory-batch systems. Compared to the flow-through systems, the first ones
have the advantages of the less required laboratory space, the possible use of incuba-
tors instead of climatic chambers as well as effortless and cost-extensive handling.
Nevertheless, the performance of both systems was compared by parallel laboratory-

batch tests and matrix characterization.

4.1  Degradation tests of VMP in manures

Laboratory-batch tests

The degradation tests were conducted in the laboratory-batch systems (Fig. 4.1). For
this purpose, 50 to 100-g aliquots of bovine or pig manure with 10 and 5 % dry sub-
stance content, respectively, and matrix characterized as mentioned before, were filled
into the 300-mL Erlenmeyer flasks. Then, the manure samples were fortified with 50 uL
of one "C-labeled test substance dissolved in an appropriate solvent. Initial concentra-
tions of 34 to 1380 pg VMP kg manure were applied (Tab. 4.1).
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1: inlet valve, 2: outlet valve with activated charcoal filter, 3: internal *C-carbon

dioxide trap (8 mL of 0.1 M potassium hydroxide solution), 4: manure sample

Fig. 4.1: Laboratory-batch system for degradation tests of **C-labeled VMP in

manures

The adjustment of the applied amounts of the radiotracers focused on the substance
specific exposure assessment as well as on the analytical feasibility mainly defined by
the specific radioactivity of the radiotracer under study. According to the OECD guide-
line 307 (2002), the radiochemical purity was > 95 %. Due to the instability of "C-
erythromycin (Biotrend, 2005), however, its purity was 75 %. The standard solution
contained a second substance of 25 %. Probably, the decomposition product ™C-
erythromycin-H,O was formed by an intramolecular dehydration (Hirsch et al., 1999). A
second substance (14 %) was also detected in the standard solution of "C-ketoprofen.
Nevertheless, the use of these test substances was appropriate to investigate the re-
producible applicability of reference or test manures. In parallel tests, the effects of the
VMP and solvent (all solvents: Merck, Darmstadt, Germany) on the manure inherent
microbial activity were checked. Furthermore, those tests were used for the matrix

characterization of the manure samples of every incubation interval.
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Tab. 4.1: 'C-labeled radiotracer standard solutions under study
Specific Radio- |Concen-|Concen-|Concen-
_ radioactivity | chemi- | tration | tration | tration
Radio-
Solvent cal
tracer _
purity
[MBammol™]| [%] |[BauL™]| [MguL™]| [ugkg™]
sMmz* CHsCN 148 98 1470 2.5 1250
smz* CH3CN 148 98 650 1.1 560
A-SMZ CH3:CN 148 100 1380 2.8 1380
SDz CH3;CN 814 94 1420 0.4 220
ERY C,HsOH 2035 75 1400 0.5 500
PCM CH3;0OH 200 100 1040 0.8 390
KET (CH3),CHOH 2110 86 560 0.1 34

*: The degradation of SMZ in manure was tested in 2 different concentrations

Subsequently, the laboratory-batch systems were stoppered with glass stoppers
equipped with inlet and outlet valves to allow for a discontinuous gas exchange. Addi-
tionally, the stoppers were equipped with an internal trap filled with 8 mL 0.1 M potas-
sium hydroxide solution (Kreuzig and Héltge, 2005) to absorb "C-carbon dioxide, po-
tentially released by mineralization. After rinsing the batch systems with nitrogen to
realize anaerobic conditions, they were incubated in the dark at 20 + 1 °C for O, 3, 7,
30, 72, 100 and 177 days. All degradation tests were conducted in duplicates. The po-
tassium hydroxide solutions were exchanged every 7 days and the 8-mL aliquots were
mixed with Quicksafe A (10 mL; Zinsser, Frankfurt, Germany) in order to determine the
mineralization via liquid scintillation counting (LSC) (Tri-Carb 2500 TR, Packard, Meri-
den, CT, USA). After the potassium hydroxide exchange, the batch systems were
rinsed with nitrogen for 5 min to save anaerobic conditions and incubated again.

At the end of every incubation interval, the manure samples were directly extracted on
a horizontal shaker (Type 3020; Gesellschaft fur Labortechnik, Burgwedel, Germany)
at 200 rpm overnight or alternatively stored at -20 °C until the start of the analytical

procedure. The solvent used was ethyl acetate (150 mL). Its exhaustive extraction effi-
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ciency was tested before (Kreuzig and Héltge, 2005, Kreuzig et al., 2005a, b). For the
extraction of erythromycin, 50-g manure samples were mixed with 16.7 g urea. Then,
20 mL of phosphate buffer solution (33.5 g dipotassiumhydrogen phosphate L™ and 1.1
g potassium dihydrogen phosphate L™, adjusted to pH 8.0) and 150 mL ethyl acetate
were added (Schluesener et al., 2006).

The suspensions were decanted through filters and the manure matrix was threefold
rinsed with 50 mL ethyl acetate each. Extracts were pooled and rotary evaporated.
Subsequently, 10 to 100-uL aliquots were mixed with Quicksafe N (10 mL; Zinsser,
Frankfurt, Germany) and scintillation counted to determine the amounts of extractable
residues. Selected extracts were screened for the parent compound and metabolites
by means of radio thin layer chromatography (RTLC) (Tracemaster 20 Automatic TLC-
linear analyzer B 284; Berthold, Minchen, Germany). For this purpose, the extracts
were applied onto silica gel plates (20 x 20 cm?, Merck, Darmstadt, Germany) and de-

veloped by using two different solvents or solvent mixtures, respectively (Tab. 4.2).

Tab. 4.2: Solvents for radio-thin layer chromatography

Radio- Identification Confirmation

tracer R¢ Rs

SMzZ ethyl acetate 0.82 | chloroform/n-butanol (8:1) 0.70

A-SMZ | ethyl acetate 0.50 | chloroform/n-butanol (8:1) 0.42

SDZz ethyl acetate 0.53 | chloroform/n-butanol (8:1) 0.41
dichloromethane/methanol/

ERY ) _ 0.40 | methanol/acetone (1:1) 0.25
25 % ammonium hydroxide
ethyl acetate/acetone/ toluene/isopropanol/25%

PCM _ _ 0.62 _ 0.72
acetic acid ammonia (30:60:10)
hexane/diethyl ether/ toluene/acetone/

KET . _ 0.42 . _ 0.60
formic acid (50:50:1) formic acid (60:39:1)

The manure matrix, already extracted and mixed with 20 g of sea sand and 5 g cellu-
lose, was air dried and thoroughly ground. Finally, 150-mg aliquots were combusted
using an oxidizer (OX-500; Harvey Instruments, Hillsdale, NJ, USA). The released 4C-
carbon dioxide was trapped in Oxysolve-C400 (15 mL; Zinsser, Frankfurt, Germany)

and scintillation counted to determine amounts of non-extractable residues.
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Modification of the test parameters

The heterogeneity and complexity of bovine and pig manures is still reflected by their
dry substance contents ranging between 0.4 and 12 % (Bouwman and Reus, 1994;
Lallai et al., 2002; Merkel 2005; Mgaller et al., 2004; Schuchhardt and Hahne, 1996;
Shah et al., 2004). Therefore, bovine and pig reference-manure samples under study
were adjusted to 2.5, 5 and 10 % dry substance content to investigate the impact of the
dry substance on the degradation of "C-sulfamethoxazole and "C-erythromycin during
the incubation period up to 30 days.

The storage conditions in aboveground manure silos are particularly affected by ambi-
ent temperatures that were measured in Germany at 8 to 10 °C on average (Deutscher
Wetterdienst, 2005). For the Netherlands, annual average temperatures of 12 and
15 °C are given for bovine and pig manures, respectively (Monforts and Tarazona La-
farga, 2003). To study the temperature impact, therefore, incubation temperatures were
5, 10, and 20 °C.

Tests on the release of **C-carbon dioxide

In order to study whether test substances undergo mineralization under anaerobic con-
ditions in manure, indicated by the release of "“C-carbon dioxide, "“C-ibuprofen was
included into the degradation tests in pig manure. This test substance, frequently ad-
ministered as an analgesic drug in human medicine, is a structural analogue of keto-
profen. From testing its degradation in sewage sludge and soils (Kreuzig et al., 2005a),
it was well known for its relevant mineralization rates. The results of the respective deg-
radation test of "C-ibuprofen in sewage sludge are illustrated in Fig. 4.2 showing dy-
namic processes with decreasing amounts of extractable residues and decreasing
amounts of non-extractable ones within 102 days. Additionally, the amounts of re-
leased "“C-carbon dioxide were 15 % within the first 28 days of the incubation period
reaching 29 % after 102 days.

Within the 30-day degradation tests of *C-ibuprofen in pig manure, the release of "C-
carbon dioxide only amounted to 0.4 % of the initially applied radioactivity (0.03 MBq in
50 uL; 33 ug ibuprofen kg manure) confirming that mineralization principally occurred
(Fig. 4.3). In contrast to the degradation test in sewage sludge, however, extractable
and non-extractable residues remained nearly constant. Dynamic decomposition proc-
esses seemed to be largely suppressed emphasizing the lower degradation of "C-

ibuprofen in manure than found in sewage sludge or soil.
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Tests on the release of **C-methane and related volatiles

During manure storage, the organic biomass is decomposed by facultatively and obli-
gatorily anaerobic microorganisms (Lallai, 2002; Loke et al. 2003; Mgller et al. 2004).
Under strictly methanogenic conditions, revealed by redox potentials of Eh < -200 mV,
biogas is formed containing approximately 70 % methane and 30 % carbon dioxide.
According to this principle, the decomposition of the applied *C-labeled radiotracer
may be accompanied by the release of C-methane. To check for this process, se-
lected degradation tests of VMP, i.e., 177-day samples preferred, were used for addi-
tional gas analyses of the incubation flasks” headspace. Hence, the laboratory-batch

systems were equipped additionally with special stripping devices (Fig. 4.4).

H,—

1, 2: inlet-/outlet valves, 3: internal *C-carbon dioxide trap (8 mL of 0.1 M po-
tassium hydroxide solution), 4: manure sample, 5: ethylene glycol trap, 6: sulfu-

ric acid trap, 7: scintillation cocktail Oxysolve-C400 trap

Fig. 4.4: Laboratory-batch system with stripping device
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Directly before the exchange of the potassium solution every 7 days, the headspaces
were degassed by a gentle stream of nitrogen. The stripping gas was passed through 3
external traps filled with 10 mL ethylene glycol, 10 mL sulfuric acid (0.05 M) and 10 mL
Oxysolve C-400 (Zinsser Analytic GmbH, Frankfurt), to trap '*C-methane or volatile
metabolites and '“C-carbon dioxide, respectively. Subsequently, the absorption solu-
tions were scintillation counted. However, radioactivity was not detected in any test.

These results were exemplarily confirmed by tests in the flow-through systems.

1 1,

3
1: flow meter, 2: gas moistening flask, 3: incubation flask with the manure sample,

4: ethylene glycol trap (30 mL), 5: sulfuric acid trap (30 mL, 0.05 M), 6, 7: potas-
sium hydroxide solution traps (30 mL, 2 M), 8: bubble meter

Fig. 4.5: Flow-through system for degradation tests of **C-labeled VMP in ma-

nures

Flow-through systems

As described in the OECD guideline 307 (2002), a constant air flow passes the incuba-
tion flask and the appended absorption traps of the flow-through systems when the
biodegradability of chemicals in aerobic topsoils is studied (Fig. 4.5). However, to real-
ize anaerobic conditions typically for manure tanks, the system was streamed by
means of nitrogen. Indeed, it has to be considered that manure tanks are not passed
by a permanent gas flow. There, the gas exchange only occurred at the manure’s sur-

face controlled by diffusion. In the 500-mL incubation flasks, 100-g bovine or pig ma-
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nure samples were filled in and fortified with *C-labeled VMP as described before. A
minor nitrogen stream (1750 cm® min™"), moistened by demineralized water, passed
through the incubation flasks and the appended traps for "C-methane or volatile me-
tabolites and *C-carbon dioxide. The incubation experiments were conducted in dupli-
cates in the dark at 20 + 2 °C for 7 days. At the end of the incubation period, 10-mL
aliquots of the absorption solutions of the traps were mixed with Quicksafe A (10 mL;
Zinsser, Frankfurt, Germany) and scintillation counted. However, radioactivity was not
determined in the traps. These results matched those of the batch-system tests with
discontinuous gas exchange. Subsequently, the manure samples were extracted and

analyzed as described before.

4.2  Preparation of test manures

In order to mimic the VMP entry route into soils already under laboratory conditions,
test manures were prepared. For degradation tests, 10 to 20 g manure samples (fresh
weight basis; matrix characterized) were filled into each incubation flask and spiked
with one test substance as described for the degradation tests in manure. To study the
sorption behavior, 5-g manure samples were used. In accordance to the degradation
tests in manure, the incubation flasks were incubated under anaerobic conditions for 7
days. Parallel tests were conducted to set up mass balances and to quantify the

amount of the test substance by means of RTLC screening.

4.3 Laboratory tests on degradation in manured soils

To investigate the impact of manure matrix on the metabolic fate, degradation tests
were performed after test-manure application. For this purpose, 50 to 100 g microbially
active soil samples, matrix characterized and adjusted to approximately 40 % of the
maximum water-holding capacity, were added directly into the incubation flasks of the
test-manure preparation. This was done to avoid losses that would inevitably occur
when test-manure samples were transferred into flasks containing soil samples. The
used manure/soil ratio did not exceed a ratio of 5:1, corresponding to the fourfold of the

maximum manure amount accepted by the German Ordinance Concerning Fertilizers
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(2006). The calculation of the manure amount was based on the following parameters:
170 kg N ha™", 5 kg N kg™ manure, 1500 kg soil m™ and 0.05 m soil depth. Each batch
was incubated in the dark at 20 + 1 °C for at least 28 days and up to 102 days. For
quality assurance, batch experiments were performed in duplicates and mass balances
were set up. In the laboratory batch-systems (Fig. 4.1), potassium hydroxide solutions
and air were simultaneously exchanged every 3 to 4 days to conserve aerobic condi-
tions. In the flow-through systems these conditions were received by a constant air flow
(Fig. 4.5).

In both systems, the absorption solutions, i.e., potassium hydroxide, ethylene glycol or
sulfuric acid, were exchanged every 7 days. Additionally, the biometric-flask system,
also described in the OECD guideline 307 (2002), was exemplarily tested. There, the
continuous gas exchange through the soda-lime trap is controlled by diffusion (Fig.
4.6).

Jos

1: glass wool, 2: soda-lime trap (15 g), 3: oil treated glass wool, 4: soil sample

Fig. 4.6: Biometric-flask system with soda-lime trap for degradation tests in

manured soils

As described for the degradation tests, acetyl-sulfamethoxazole, ketoprofen and para-

cetamol samples were extracted with ethyl acetate (150 mL), while a mixture of urea,
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phosphate buffers and ethyl acetate was used for the extraction of '*C-erythromycin.
The soil matrices already extracted were air dried and thoroughly ground. Finally, 150-
mg aliquots were mixed with 10 mg cellulose (Merck, Darmstadt, Germany) and com-
busted using an oxidizer to determine amounts of non-extractable residues.

In order to understand the relevance of manure matrix induced degradation processes,
tests after standard application were exemplarily conducted, too. In accordance to
guidelines of OECD (1981a, 2002) and BBA (1986, 1998) on the biodegradability of
chemicals in soils, aliquots of the C-test substance standard solution (50 pL) were

directly fortified to 50-100 g microbially active soil samples.

4.4  Laboratory tests on sorption in manured soils

For testing on sorption of VMP in manured soils, the 5-g test manure samples were
transferred into 100-mL centrifuge tubes using the 35-mL calcium chloride (0.01 M)
solution. Then, 25-g soil samples were added according to a soil/water ratio of 1:1.4
(Boesten, 1990, von Oepen et al., 1991, Ritters et al., 1999). The closed centrifuge
tubes were shaken on a horizontal shaker at 220 rom and 22 + 2 °C for 24 hours. Sub-
sequently, the suspensions were centrifuged at 4000 rpm (Megafuge, 1.0, Heraeus,
Hanau, Germany) for 30 min. The aqueous phases were removed and 10-mL aliquots
were added to 10 mL of Quicksafe A (Zinsser, Frankfurt, Germany) and liquid scintilla-
tion counted. To determine the radioactivity in the solid phase, 150-mg aliquots of the
moist soil samples were mixed with 10 mg cellulose and then combusted.

According to the OECD guideline106 (2000), soil samples should be equilibrated first
using 90 % of the total volume of calcium chloride for 12 hours. To adjust a soil/water
ratio of 1:1, 45 mL calcium chloride solution (0.01 M) were added to 50-g soil samples
and equilibrated on a horizontal shaker at 220 rpm and 22 + 2 °C for 12 hours. Thereaf-
ter, 5-g test manure samples containing '“C-erythromycin residues were transferred
into the centrifuge tube by using 5 mL calcium chloride solution. Then, the closed cen-
trifuge tubes were shaken on a horizontal shaker at 220 rpm and 22 + 2 °C for 24 h and
analyzed as described before.

Additional tests were carried out to understand the manure matrix effects without any
aging processes during the manure storage. For this purpose, 5-g manure samples

were spiked with 50 uL standard solutions of one test substance each and immediately
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mixed with 25-g soil samples and 35 mL calcium chloride solution. The analytical proc-
essing was carried out as described before.

In further experiments, the Ky values were determined in batch-equilibrium tests after
standard application. According to OECD guidelines 106 (1981b, 2000), standard solu-
tions (50 uL) were introduced into 100-mL centrifuge tubes, filled with 5 mL 0.01 M cal-
cium chloride solution. The mixtures were homogenized by sonication for 5 min. After
the addition of the 25 to 50-g soil samples and further 30 to 45 mL calcium chloride
solution, according to a soil/water ratio of 1:1.4 and 1:1, respectively, the closed centri-
fuge tubes were shaken. Samples were subsequently analyzed as described for the
tests after test-manure application. For quality assurance, all soil/water distribution co-

efficients were determined in 4 replicates.

4.5 Preparation of intra- and interlaboratory tests

The development of the analytical methods from the matrix characterization of excre-
ment samples to the preparation of reference-manure samples and the degradation
tests of VMP in manures was accompanied by the compilation of standard operating
procedures. Their applicability was checked in intra- and interlaboratory tests. For the
first methodological check on the matrix characterization, scientific and technical staff
members of the Institute of Ecological Chemistry and Waste Analysis (ECO) with dif-
ferent experiences in the field of analytical chemistry participated in the first intralabora-
tory test series.

On the basic of those results, a workshop was held in Braunschweig on 5 July 2006 to
introduce the methods of the matrix characterization and of the degradation tests in
manures to the external participants: Fraunhofer-Institut fir Umwelt-, Sicherheits- und
Energietechnik, Oberhausen, Germany (UMS), RCC-Ltd., ltingen, Switzerland (RCC)
and Biology V, RWTH Aachen, Germany (BIO). Thus, bovine and pig excrements were
matrix characterized by UMS, ECO and RCC, while the degradation tests of 4C-sulfa-
diazine were performed by RCC, ECO and BIO. For those purposes, excrement sam-
ples were taken at the FAL Institute of Animal Nutrition, Braunschweig, preconditioned
and intermediately stored at -20 °C at ECO. Then, the excrement samples, the '*C-
labeled test substance, the standard operation procedures and the data sheets were

dispatched to the participants by ECO. The concrete schedule of the interlaboratory
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tests is listed in Tab. 4.3. On the participants site, due to the appointed assignment of
tasks, the excrement samples were matrix characterized for ds, Ry, TOC, Cu, P, pH,
Eh, O,, NH4-N, N, BODs and COD. Reference manures were prepared at 10 % ds
for bovine manure and 5 % for pig manure. The degradation tests were conducted at
20 °C in the dark for 0 and 7 days of incubation under discontinuous nitrogen exchange

to guarantee anaerobic conditions.

Tab. 4.3: Schedule of the first interlaboratory tests on the matrix characteriza-
tion of excrement samples and degradation tests of **C-sulfadiazine in

reference manures

Date Measure

06/20/2006 | sampling of excrements at FAL Institute of Animal Nutrition
07/12/2006 | end of preconditioning and start of storage at -20 °C at ECO
08/22/2006 | dispatch of test materials

- bovine and pig excrement samples (2.5 kg in dry ice)

- "C-labeled sulfadiazine dissolved in acetonitrile
- standard operation procedures

- data sheets

08/28/2006 | possible start of the interlaboratory tests
09/30/2006 | data transfer to ECO

Finally, intralaboratory tests on the degradation of *C-erythromycin in manured soils
were performed at ECO with three test persons of different experiences. For this pur-
pose, bovine and pig reference manures were used to prepare test manures containing
7-day aged C-erythromycin residues. After test-manure application, the manured soil
samples were incubated for 7 days. Then, mass balances were set up for mineraliza-

tion, extractable and non-extractable residues.
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5 Degradation tests of VMP in bovine and pig reference manures

The degradation tests in bovine and/or pig manures were focused on '*C-sulfameth-
oxazole, “C-acetyl-sulfamethoxazole, '*C-sulfadiazine, '*C-erythromycin, *C-ketopro-
fen and "*C-paracetamol. First, long-term degradation tests with incubation periods up
to 177 days were conducted to simulate the long-term manure storage up to 6 months
as required by the German Ordinance Concerning Fertilizers (2006). Those tests tar-
geted at the evaluation of the reproducible applicability of the reference manure sam-
ples. Indeed, extractable fractions were RTLC screened for parent compounds and
metabolites. However, the detected metabolites could not be identified in the frame of
the Manure Project.

Additionally, parallel matrix characterization tests under respective conditions were
conducted. The non-labeled test substances were applied in appropriate standard solu-
tions to determine toxic effects to the manure inherent microorganisms by the test sub-
stances themselves or the solvents. These tests were furthermore used for the simul-
taneous characterization of the manure matrices under study. Thus, the dissolved oxy-
gen contents and the redox potentials as well as the ammonium contents and the bio-
logical and chemical oxygen demands were determined in order to pursue decomposi-
tion processes of organic constituents of the manure matrices under anaerobic condi-
tions. The microbial activity was observed in the manure samples under the respective
test conditions by means of the biological oxygen demand, fully aware that this pa-
rameter is mainly focused on aerobic or facultative anaerobic microorganisms.
Supplementary short-term degradation tests with 30-day incubation periods were car-
ried out to monitor the effects of different dry substance contents (2.5, 5, 10 %) of ma-
nures and different incubation temperatures (5, 10, 20 °C). Finally, different bovine and
pig manure matrices were included into the test series to consider different animal spe-

cies, animal ages and feeding conditions.

51 Sulfamethoxazole

Long-term degradation tests in bovine manure
In the first tests series in 2005, "“C-sulfamethoxazole was applied at an initial concen-

tration of 560 pg kg™ manure. The balances of those tests are illustrated in Fig. 5.1.
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Within the 177-day incubation period, the extractable '*C-sulfamethoxazole residues
continuously dropped from 96 to 3 % of the initially applied radioactivity while the non-
extractable ones simultaneously increased up to 95 %. The relevance of non-extract-
able sulfonamide residues in bovine manure has been already found in the Runoff Pro-
ject (Kreuzig et al., 2005b, Kreuzig et al., 2007, Héltge and Kreuzig, 2007). Mineraliza-
tion was < 0.1 %.

In the second test series on sulfamethoxazole in 2006, bovine excrement samples,
stored before at -20 °C for longer than 180 days, were used to prepare the respective
reference-manure samples. The latter were then spiked with 1250 pg sulfamethoxazole
kg” manure to improve the boundary conditions for the RTLC metabolite screening.
However, the degradation of this test substance in bovine was not relevantly affect ma-
nure by the modified test conditions. Despite the enhanced concentration of sulfameth-
oxazole, the ethyl acetate extracts could only be RTLC screened up to the samples of
day 0, 3, and 7 because of the rapid formation of non-extractable residues. Within this
period, sulfamethoxazole disappeared rapidly.

In the extractable fraction of the 0-day sample, 67 % of the initially applied radioactivity
accounted for sulfamethoxazole as the unchanged parent compound. This amount
dropped within 7 days to 6 %. In the same period, the amounts of unidentified metabo-
lites increased from 19 % to 25 %. These results obtained after the ethyl acetate de-
velopment of the silica gel plates were confirmed by the use of a chloroform/n-butanol
(8:1) mixture as the second solvent. In the 7-day sample, 4 % of the radioactivity ini-
tially applied was identified as the parent compound, accompanied by 26 % unidenti-
fied metabolites.

Besides the application of the laboratory-batch systems, flow-through systems were
used in parallel short-term tests. The results listed in Tab. 5.1 clearly depicted the
equivalence of both laboratory-tests systems. Furthermore, the release of *C-methane
and the formation of related volatile metabolites by the decomposition of the applied
radiotracer was monitored. However, radioactivity could not be detected, neither in the
stripped headspace of the laboratory-batch systems nor in the traps of the flow-through

systems.
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Fig.5.1: Degradation of *C-sulfamethoxazole at A: 560 pg kg™ (balances: 89 +
10 %) and B: 1250 ug kg™ bovine manure BM-1 (balances: 90 + 5 %)
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Tab.5.1: Degradation tests of **C-sulfamethoxazole in manures within 7 days
comparing laboratory-batch and flow-through systems
Matrix Bovine manure Pig manure
Test flow-through flow-through
batch system batch system
system system system
MIN <0.1 <0.1 <0.1 <0.1
ER 27 23 42 47
NER 65 73 58 54
Balances 92 96 100 101

In parallel matrix characterization tests with non-labeled sulfamethoxazole, the bound-
ary conditions of the degradation tests were determined. As revealed by the dissolved
oxygen contents of O, <0.1 mg kg” and the redox potentials of Eh < +150 mV, test

conditions remained permanently anaerobic within 177 days (Fig. 5.2).
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Fig. 5.2: Redox potentials during the degradation tests of sulfamethoxazole at

A: 560 ug kg™ and B: 1250 ug kg™ bovine manure BM-1
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Further information on processes in the manure itself was given by the ammonium con-
tents that ranged from 1.2 to 1.7 g kg™ (Fig. 5.3). With the content of total nitrogen be-
tween 3.2 and 3.8 g kg'1, NH4-N/Nioig ratios from 0.4 or 0.5 were calculated. The bio-
logical oxygen demand acted as an indicator for the microbial activity in the manure
samples. As indicated by values of 3.0 and 1.7 g BODs kg™' manure, the 177-day sam-
ples remained microbially active during the long-term incubation. This result was con-
sistent with the dynamic transformation of extractable into non-extractable "C-sulfa-

methoxazole residues found in the corresponding degradation test.
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Fig.5.3: BODs, COD and NH4-N during the degradation tests of sulfameth-
oxazole at A: 560 ug kg™ and B: 1250 pg kg™ in bovine manure BM-1

In addition to the long-term degradation tests, matrix characterization tests were carried
out to monitor effects by the test substance itself and by the used spiking solvent. Be-
sides tests in which non-labeled sulfamethoxazole (560 and 1250 ug kg~ bovine ma-
nure) was spiked in acetonitrile (50 uL), the effects of pure acetonitrile versus a non-
spiked manure sample were monitored. In these tests, nearly the same results of the
parameters under study were found (Tab. 5.2). Thus, effects of acetonitrile and the test

substance, independent on its concentration, could be excluded.
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Tab. 5.2: Effects of the spiking of sulfamethoxazole in acetonitrile on matrix

parameters of bovine manure in the 177-day degradation tests

Parallel test / Matrix Solvent Substance Substance
test test test test
Parameter [50 pL] [560 ug kg'] | [1250 pg kg™
ds [%] 9 10 9 9+0.7
TOC [g kg™ 38 44 37 40+0.7
pH 7.4 7.5 7.7 8.0+ 0.1
Eh [mV] -40 -90 -80 -200 + 10
0, [mg kg™'] <0.1 <0.1 <0.1 <0.1
NH4-N [g kg™'] 1.6 1.7 1.7 1.3+0
Niotal [0 kg™'] 3.3 3.1 3.2 3.4 +0.1
BODs [g kg™] 4.7 6.0 3.0 1740
COD [g kg™ 55 49 49 69 + 10

Impacts of dry substance content and incubation temperature in bovine manure

In short-term degradation tests with incubation intervals of 3, 7 and 30 days, the impact
of dry substance contents on the transformation of extractable into non-extractable *C-
sulfamethoxazole residues was studied. As depicted in Fig. 5.4, this process slowed
down within the first 7 days when dry substance contents were adjusted at 2.5 and
5 %. The application of lower dry substance contents stood for a lower amount of solid
manure material and a lower biomass possibly resulting in a decline of sorption and
degradation, respectively. In the 30-days samples, however, the level of the batch tests
with manure of 10-% dry substance content was nearly reached. Similar tendencies
were found when the manure samples BM-1 were incubated at different temperatures
(Fig. 5.5). At 5 and 10 °C, the transformation also slowed down due to the temperature
depending activity of manure inherent microorganisms. After 30 days, however, these
differences were leveled, too. Both test series under modified boundary conditions
clearly showed that the formation of non-extractable residues is influenced by the mi-
crobial activity of the manure samples, particularly a sufficient sorption capacity of the

manure matrices also at low dry substance contents has to be assumed.
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Impacts of different bovine manure matrices

Within the different degradation tests, 3 different manure matrices were included taking
different ages of cattle and different feeding conditions into account. Due to the herbi-
vore nutrition type of cattle, only minor differences in pH values, ammonium and total
nitrogen contents as well as in biological and chemical oxygen demands were found
(cf. Tab. 2.10, page 16).

The results of the matrix characterization were also reflected by the corresponding deg-
radation tests. Taking the analytical deviations between replicates of one manure ma-
trix into account, relevant differences between different bovine manure matrices were
not found (Fig. 5.6). The extractable “C-sulfamethoxazole residues of approximately
40 % after 3 days dropped continuously to 13 % on average while the non-extractable

residues increased up to approximately 80 % after 30 days.
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Fig.5.6: Degradation of *C-sulfamethoxazole in different bovine manures (bal-
ances: 92 + 10 %)

Long-term degradation tests in pig manure

The comparison between the degradation tests in bovine (cf. Fig. 5.1, page 38) and pig

manures (Fig. 5.7) clearly showed the higher affinity of "*C-sulfamethoxazole residues
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to the bovine than to the pig manure matrices. Thus, a slower decrease of extractable
'4C-sulfamethoxazole residues was found in pig manure.
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Fig.5.7: Degradation of **C-sulfamethoxazole at A: 560 pg kg™ (balances: 97 +
9 %) and B: 1250 pg kg™ pig manure PM-1 (balances: 89 + 9 %)
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During the 177-day incubation period in 2005, the extractable fraction never fell below
20 % of the initially applied radioactivity. Simultaneously, non-extractable residues in-
creased until 72 days after application exceeding the 70-% level only once. Thereafter,
the dynamics of this transformation process declined revealed by the nearly constant
ratios of extractable and non-extractable fractions.

In the reference-manure samples prepared in 2006 from pig excrements that were
stored at -20 °C longer than 180 days, similar tendencies of the degradation of "*C-sul-
famethoxazole were observed. As already described for corresponding tests with bo-
vine manure samples, the concentration of the test substance and long-term storage of
manure samples did not considerably affect the fate of '“C-sulfamethoxazole in the

degradation tests.
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Fig. 5.8: Redox potentials during the degradation tests of sulfamethoxazole at
A: 560 pg kg™ and B: 1250 ug kg™ pig manure PM-1

The RTLC metabolite screening performed for the extracts of the degradation test at
1250 pg sulfamethoxazole kg™ pig manure revealed a rapid disappearance of the par-
ent compound. In the 0-day sample, 71 % of the radioactivity initially applied were iden-
tified as the unchanged test substance. Within 7 days, this amount dropped to 18 %. In

the extracts of the 30-day samples, only unidentified metabolites were detected.
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The above mentioned decline of the dynamic transformation of extractable into non-
extractable sulfamethoxazole residues was also reflected by the matrix characterization
continuously conducted in parallel tests. There, the redox potentials and the biological
and chemical oxygen demands dropped during the long-term incubation period while

the NH;-N contents remained nearly constant (Fig. 5.8, 5.9).

100 2,5
oV o — pm—————m— - ~ 20
= =
(@) @)
e <
= S
a} Z
o 0,5
m

0,0
0 50 100 150 200

days after application

—6—BOD;(A) —®—COD(A) —A— NHsN (A)
--%- BODs (B) -£3-COD(B) ~7- NHsN (B)

Fig.5.9: BODs, COD and NH;-N during the degradation test of sulfamethoxa-
zole at A: 560 ug kg™ and B: 1250 pg kg™ pig manure PM-1

In contrast to the parameter characteristics in bovine manure, however, the decreases
flattened between the 100-days and 177-days intervals. Particularly, the breakdown of
the biological oxygen demand to 0.02 g O, kg™ in the 177-day batch tests at 560 ug
kg™' pig manure indicated a considerable inhibition of the manure inherent microorgan-
isms. In the degradation test at 1250 ug kg™, however, the biological oxygen demand

of 2.4 g kg™ indicated that microbial activity was remained until the end of the long-term

degradation tests in pig manure.
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Fig. 5.10: Degradation of *C-sulfamethoxazole in pig manure PM-1 at different
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Despite the interferences of the BOD measurements in both series of the degradation
tests, there were merely minor effects on the metabolic dynamics of “C-sulfameth-
oxazole in pig manure. On the one hand, this fact confirmed that the experimental de-
sign of the Manure Project is appropriate to assess the long-term degradation of VMP
in manures. On the other hand, there is a need of further method development for the

determination of the microbial activity under permanently anaerobic conditions.

Impacts of dry substance content and incubation temperature in pig manure

The tendencies already described for these additional degradation tests in bovine ma-
nure were also reflected in those conducted in pig manure. The higher relevance of
extractable "C-sulfamethoxazole residues is illustrated in Fig. 5.10 and 5.11. At 2.5-%
dry substance content and at 5 and 10 °C, the extractable fractions definitely domi-
nated the non-extractable ones including the 7-day incubation intervals. After 30 days,

however, the differences were leveled and non-extractable residues achieved highest

intensities.
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Fig. 5.12: Degradation of '*C-sulfamethoxazole in different pig manures (bal-

ances: 99 £ 6 %)
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Impacts of different pig manure matrices

Due to the omnivore nutrition type of pigs, higher differences in the parameter charac-
teristics of the pig excrements were determined (cf.Tab. 2.11). However, those were
minimized by adding tap water to prepare reference-manure samples with the 5-% dry
substance content. Their application in the degradation tests of '“C-sulfamethoxazole
thus led only to slightly different intensity ratios of extractable and non-extractable resi-
dues (Fig. 5.12). After 3 days of incubation, the extractable residues dominated the
non-extractable ones while after 30 days, the initially applied radioactivity was mainly

transferred into the non-extractable fraction.

5.2  Acetyl-sulfamethoxazole

Due to the availability of *C-labeled test substances, numerous fate monitoring studies
on VMP are exclusively focused on the parent compounds. The VMP administered to
production animals, however, undergo metabolic decomposition resulting in the forma-
tion of corresponding metabolites. Those ones were then excreted together with un-
changed parent compounds. Therefore, "C-acetyl-sulfamethoxazole was included in
the Manure Project as the corresponding metabolite of the sulfonamide sulfamethoxa-
zole. The metabolic fate of this metabolite in manure is of particular relevance because
acetyl-sulfamethoxazole undergoes deacetylation and sulfamethoxazole is regenerated
(Holtge and Kreuzig, 2007).

Long-term degradation tests in bovine manure

During the 177-day incubation period, the metabolic fate of '“C-acetyl-sulfamethoxa-
zole was predominated by the formation of non-extractable residues revealing again
the high affinity of sulfonamide residues to the bovine manure matrix.

In comparison to sulfamethoxazole, however, the metabolic dynamics slowed down.
Albeit, the extractable residues continuously dropped from 82 to 5 % (Fig. 5.13), the
radioactivity amounts up to the 30-day samples were appropriate for the RTLC metabo-
lite screening. Up to the 7-day incubation interval, the amount of acetyl-sulfameth-
oxazole as the unchanged parent compound decreased from 82 to 12 % of the radio-

activity initially applied. Thereafter, the test substance was detected in amounts < 3 %.
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Fig. 5.13: Degradation of '“C-acetyl-sulfamethoxazole in bovine manure BM-1
(balances: 86 + 8 %)

Up to 7 days, "“C-sulfamethoxazole occurred in the ethyl acetate extracts at amounts
of 3 % accompanied by further unidentified metabolites. The differentiation of both
compounds by RTLC analysis using 2 different solvents for the development of the
silica gel plates is illustrated in Fig 5.14.

The mineralization of < 0.1 % within 100 days and the formation of non-extractable
residues > 70 % within 72 days indicated the persistent nature of acetyl-sulfameth-
oxazole, if the persistence criteria of pesticides in soil are applied to the risk assess-

ment for veterinary medicinal products and corresponding metabolites.
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Fig. 5.14: RTLC chromatograms of the ethyl acetate extract from the 3-day sam-
ple of the degradation test on '*C-acetyl-sulfamethoxazole in bovine
manure. A: ethyl acetate and B: chloroform/n-butanol (8:1) used as

solvent for development of the silica gel plates.
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Parallel matrix characterization tests with non-labeled acetyl-sulfamethoxazole were
carried out, too. As revealed by dissolved oxygen contents of O, < 0.1 mg kg” and re-
dox potentials of Eh < -80 mV, test conditions remained permanently anaerobic within
177 days. Most parameters remained constant. Merely, BODs increased primary from
7.9 up to 9.8 g kg™'. From the 72-day incubation interval, BODs dropped to 2.3 g kg™ on
average (Tab. 5.3). This value was definitely higher than the limit of determination of
0.02 g kg™ revealing that the bovine manure matrix was microbially active after the
177-day incubation. For the 177-day matrix characterization tests, duplicates were ana-
lyzed. Results for all parameters coincided revealing the reproducible applicability of

reference manure in the long-term degradation tests.

Tab. 5.3: Matrix characterization during the degradation tests of acetyl-sulfa-

methoxazole in bovine manure

Day / 0 3 7 30 72 100 |177.A |177.B
Parameter

ds [%] 11 11 9 9 9 9 8 8
TOC [g kg™ 37 37 40 63 45 41 40 37
pH 7.4 6.8 6.8 6.6 7.1 7.4 7.6 7.6
Eh [mV] -180 | -170 | -160 | -80 | -80 | -100 | -200 | -220

0, [mg kg™ <01 |<01|<01|<01|<01|<01|<01]|<01
NH,-N[gkg'] | 1.3 15 1.4 1.2 1.4 15 1.2 1.0
Niotal [9 kg™'] 3.3 3.3 3.3 3.2 3.2 3.3 3.6 35
BODs[gkg" | 79 | 98 | 92 | 94 | 98 | 23 | 28 | 24
COD [g kg™ 57 79 81 89 82 73 67 62

Long-term degradation tests in pig manure

For the degradation of '*C-acetyl-sulfamethoxazole in pig manure, the same tenden-
cies were observed than it was described for "C-sulfamethoxazole. The decrease of
extractable residues thus slowed down confirming the lower affinity of sulfonamide
residues to the pig manure matrix. Within 177 days, 18 % of the initially applied radio-
activity remained extractable. This process was accompanied by the increasing forma-
tion of non-extractable residues that amounted to 81 % at maximum after the ethyl ace-

tate extraction procedure. Mineralization was < 0.1 % (Fig. 5.15).
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Fig. 5.15: Degradation of *C-acetyl-sulfamethoxazole in pig manure PM-1 (bal-

ances: 94 + 9 %)

As depicted by the RTLC metabolite screening, the extracts of the 0-day samples ex-
clusively contained C-acetyl-sulfamethoxazole as the unchanged parent compound.
Up to the 7-day sample, "C-sulfamethoxazole was found at amounts of < 3 % of the
radioactivity initially applied. By this fact, the deacetylation of acetyl-sulfamethoxazole
was also confirmed for pig manure.

In pig manure, strictly anaerobic conditions were also reflected by oxygen contents
< 0.1 mg kg™ and redox potentials < -110 mV. Total organic carbon, pH-value, ammo-
nium nitrogen and total nitrogen content remained nearly constant during the 177-day
tests, while the biological oxygen demand decreased. Thus, the decrease of the bio-
logical oxygen demand indicated a slowdown of aerobic or facultative anaerobic micro-
organisms while the activity of the anaerobic ones could not assessed by this method.

Hence, there is a need of further method development.
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5.3 Sulfadiazine

Besides “C-sulfamethoxazole and its corresponding metabolite *C-acetyl-sulfameth-
oxazole, "C-sulfadiazine was additionally monitored in order to assess the impact of
different substituents of structural analogues on their degradation in bovine and pig

manures.
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Fig. 5.16: Degradation of **C-sulfadiazine in bovine manure BM-1 (balances: 93
+5 %)

Long-term degradation tests in bovine manure

In comparison to '“C-sulfamethoxazole, slower dynamic processes in bovine manure
were observed for "C-sulfadiazine (Fig. 5.16). After the application of the test sub-
stance, extractable residues thus decreased from 70 % to 20 % within 100 days. The
slowdown of the metabolic dynamics of "C-sulfadiazine in bovine manure was also
reflected by the RTLC metabolite screening. Thus, the unchanged '*C-sulfadiazine was
the dominant constituent in the extracts of the degradation tests up to the 100-day in-
tervals. The parent compound was accompanied by an unidentified metabolite that

simultaneously decreased while the non-extractable residues increased to 66 % at
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maximum. Mineralization was < 0.1%.

In contrast to “C-sulfadiazine, "C-sulfamethoxazole and "C-acetyl-sulfamethoxazole,
were detectable only up to the 7-day interval. Thereafter, unidentified metabolites oc-
curred in the extracts. The different degradation of the sulfonamides under study, how-
ever, could not be attributed to different manure matrix effects as shown by means of
the parallel matrix characterization tests (Tab. 5.4). This fact clearly emphasized the
relevance of the matrix characterization procedures for the excrement and the refer-
ence manure samples and during the degradation tests. In the frame of the method
development, important information was thus gained about the applicability of the sam-

ple matrices and the test conditions under study.

Tab. 5.4: Matrix characterization during the degradation tests of sulfadiazine in

bovine manure

Day / 0 3 7 30 72 100
Parameter

ds [%] 9 10 10 9 10 8
TOC [g kg™ 47 49 43 35 47 40
pH 6.9 6.6 6.3 6.8 7.6 7.7
Eh [mV] -60 - 80 - 140 - 160 -210 -160
0, [mg kg™ <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
NH4-N [g kg™'] 1.4 1.4 1.6 1.3 1.4 1.4
Niotal [9 kg''] 3.2 3.2 3.1 3.3 3.5 3.3
BOD:s [g kg™] 9.2 9.3 11.0 8.3 45 6.4
COD [g kg™ 98 94 82 67 50 80

Long-term degradation tests in pig manure

A slower disappearance of "“C-sulfadiazine was found in pig manure. Here, the mass
balances of the degradation tests were predominated by the extractable fractions up to
the 100-day incubation interval. The extractable residue slightly dropped from 72 % to
only 59 % of the radioactivity initially applied (Fig. 5.17).
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Fig. 5.17: Degradation of **C-sulfadiazine in pig manure PM-1 (balances: 88 + 3
%)

As shown by RTLC metabolite screening, the amounts of 4C-sulfadiazine as the un-
changed parent compound decreased from 69 % to 46 % while an unidentified metabo-
lite increased from 3 % to 13 % at maximum. The formation of non-extractable residues
remained nearly constant during the 100-day incubation period. Finally, they amounted
to 25 %. Mineralization was < 0.1 % again. The results were in accordance with those
of Grote (2005). There, the concentrations of sulfadiazine and acetyl-sulfadiazine were
determined in pig manure samples from tanks within a period of 8 months. While the
acetyl-sulfadiazine concentration decreased rapidly, a rise of the sulfadiazine concen-
tration was observed in the first month. Afterwards, a slow decrease up to nearly the
initial concentration was noticed. The different degradation of sulfadiazine versus those
of the other sulfonamides was not reflected by the matrix characterization. Here, the
same tendencies, described for sulfamethoxazole and acetyl-sulfamethoxazole were
obtained for the pig manure matrix. Despite the biological oxygen demand that de-

creased from 9.9 to 3.9 g kg™, the other parameters remained nearly constant.
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Short-term degradation tests in bovine and pig manures

In order to check the performance of the applied laboratory-batch system, additional
7-day degradation tests of 'C-sulfadiazine were conducted by means of the flow-
through systems. The results listed in Tab. 5.5 are based on the mass balances. Addi-
tionally, the extractable fractions were differentiated for 4C-sulfadiazine and an uniden-
tified metabolite to take this metabolic decomposition into account, too. In accordance
to the OECD guideline 307 (2002), the radioactivity balances of degradability tests may
vary between 90 to 100 %. On this basis, both laboratory-test systems supply consis-

tent results.

Tab.5.5: Degradation tests of **C-sulfadiazine in bovine manures within 7 days

comparing laboratory-batch and flow-through systems

Matrix Bovine manure Pig manure

flow-through flow-through
Test system batch system batch system

system system

MIN [%] <01 | <01 <01 | <01 | <01 | <01 | <01 | <0.1
SDZ [%] 36 37 33 35 62 66 71 69
MET [%] 17 14 19 21 8 7 4 4
NER [%] 33 53 58 53 15 19 29 36
Balances [%] 86 104 110 109 85 92 104 109

Retention factors determined by RTLC metabolite screening:
Re: 0.60 for sulfadiazine (SDZ) and Rg: 0.05 for the unidentified metabolite (MET)

5.4  Ketoprofen and paracetamol

The development of the technical protocol for degradation tests of VMP in manure re-
quired the application of different bovine and pig manure matrices. In order to identify
differences caused by feeding conditions and age of the production animals, the ex-
crement and reference-manure samples were thoroughly characterized by numerous
matrix parameters. Furthermore, the degradation of numerous test substances were
tested in the reference manures. Those VMP belong to different chemical classes and

cover a wide range of different physico-chemical properties. Therefore, the degradation
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of ketoprofen in bovine manure and of paracetamol in pig manure were studied al-
though their application patterns in veterinary medicine are of lower relevance. Never-
theless, these degradation tests contributed evaluating the reproducible applicability of

the reference manures.

Long-term degradation tests of **C-ketoprofen in bovine manure

Within the frame of the Soil Project?, the biodegradability of "C-ketoprofen has been
already studied in soil, sewage sludge and sludge amended soil (Kreuzig et al., 2005).
In those sample matrices, ketoprofen was readily degradable. After 102-day incubation
periods, mineralization rates exceeded 27 % in sewage sludge and even 40 % in soils.
In bovine manure, however, the determined mass balances were predominated by the
unchanged parent compound that slightly decreased from 68 % to 59 % within 100
days. Non-extractable residues slightly increased from 13 % to 25 % while mineraliza-
tion was < 0.1 % (Fig. 5.18).
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Fig. 5.18: Degradation of **C-ketoprofen in bovine manure (BM-1) (balances: 100
+ 3 %)

2 "Environmental Behavior of Selected Pharmaceutical Medicines and Relevant Metabolites in

Soils" funded by the German Federal Environmental Agency (Soil Project, FKZ 201 67 40/02)

58



The differences of the metabolic dynamics in bovine manure and sewage sludge are of
particular interest for biocides that are applied in animal husbandry and undergo an-
aerobic conditions during manure storage. For this purpose, a degradability test in di-
gested sludge is required (EC, 1998, TNsG, 2000, ISO, 1995). By means of this ap-
proach, however, the differences in the composition of sludge and manure matrices
with their possible effects on the metabolic fate of chemicals are disregarded.

In accordance with the other degradation tests in bovine manure, most matrix parame-
ters remained nearly constant over a period of the 100-day incubation period. Even the
biological oxygen demand remained nearly constant at 12 g kg™ within 72 days. There-

after, it dropped to 4.3 g kg™ (Fig. 5.19).

100
"o 80 - T2
2 <
0 60 ]M\‘/N T2
(@]
S =
© £ T
% 40 + 1 =
SLD Z
m 20 1 T 0,5
‘N o
- "
O T T T T T O
0 20 40 60 80 100 120

days after application

—o— BODs; —=—COD —a— NH4-N

Fig. 5.19: BODs, COD and NH4-N during the degradation test of ketoprofen in

bovine manure BM-1

Long-term degradation tests of **C-paracetamol in pig manure

Fate and behavior of "C-paracetamol was monitored in the Soil Project, too. In con-
trast to ketoprofen, paracetamol showed a strong affinity to sewage sludge and soil
matrices. Thus, > 60 % of the initially applied radioactivity was found in the non-

extractable fraction already 1 day after the application. The degradation test in pig ma-
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nure was also predominated by the non-extractable fractions. However, they increased
more slowly from 40 % to 96 %. This process was accompanied by the slowdown of

extractable residues from 79 % to 17 %. Mineralization was again < 0.1 % (Fig. 5.20).
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Fig. 5.20: Degradation of **C-paracetamol in pig manure (PM-1) (balances: 103 +
11 %)

During the degradation tests in pig manure, relevant changes of the matrix parameters
did not occur. Merely, the biological oxygen demand dropped from 11 g kg™ in the 72-
day sample to 5.7 g kg™ in the 100-day sample. These matrix characterization tests
clearly showed again that the degradation of VMP in bovine and pig manure can be
reproducibly monitored under strictly anaerobic conditions typical for the long-term ma-
nure storage in tanks.

5.5 Erythromycin

For the development of the technical protocol, the testing of VMP from different chemi-

cal classes was inevitably required. Besides the sulfonamides, therefore, the second
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focus was put on the macrolide antibiotic erythromycin. Long-term degradation tests in
bovine and pig reference manures were conducted in the dark at 20 £ 1 °C within incu-
bation periods up to 177 days. Additional short-term tests with different dry substance
contents of the manure samples and different incubation temperatures were performed.
Parallel batch tests were simultaneously carried out for the detailed matrix characteri-

zation during the incubation periods.

Long-term degradation tests in bovine manure

The degradation of '“C-erythromycin was tested in bovine manures BM-1 and BM-5.
The feeding conditions of the single kept cattle were nearly the same reflected by simi-
lar manure compositions (cf. Tab. 2.10, page 16). Nevertheless, the dynamic pro-
cesses in these tests differed up to 100 days of incubation. In the bovine manure BM-1,
extractable residues thus dropped from 86 to 7 % in 100 days. Non-extractable resi-
dues increased from 22 to 93 % (Fig. 5.21). In the bovine manure BM-5, however,
these dynamic processes slowed down. The initial amount of extractable residues was
only 54 % while non-extractable residues amounted to 39 %. These amounts remained
nearly unchanged up to the 30-day samples. The extractable residues then dropped to
29 % while non-extractable ones reached 59 %. Beyond the 100-day incubation inter-
vals of both test series, the extractable fractions were quantitatively transferred into
non-extractable residues. Mineralization rates were < 0.1 %, respectively.

The extracts were screened for parent compound and metabolites up to the 100-day
samples. Thereafter, the extractable amounts were far too low for the RTLC screening.
In this period, the concentration of "*C-erythromycin dropped continuously, whereas the
concentration of the second substance, probably '*C-erythromycin-H,O (cf. page 24),
increased until day 30. In the 0-day samples of the bovine manure BM-1, 65 % of the
initially applied radioactivity was identified as the unchanged parent compound. The
corresponding value in the bovine manure BM-5 was 37 %. After 100 days, however, 3
and 4 % of the initially applied radioactivity accounted for the unchanged ™C-
erythromycin. On the basis of the RTLC-screenings, DTsy values were 23 and 33 days,
respectively.

Despite the differences of the metabolic dynamics in both test series, the results were
congruent after 177 days. For the BM-5 batches, the manure samples were obviously
infected by molds. This side-effect could not be observed in any other test series nei-

ther in other degradation tests nor in the parallel matrix characterization tests. In the
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latter, strictly anaerobic conditions were revealed by dissolved oxygen contents of
0, < 0.1 mg kg™ and redox potentials of Eh < -70 mV (Tab. 5.6).
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Fig. 5.21: Degradation of **C-erythromycin in bovine manure A: BM-1 (balances:
104 £+ 4 %) and B: BM-5 (balances: 91 £ 7 %)
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Furthermore, the matrix parameters were not effected neither by the spiking solvent nor
by the test substance. Within the 177-day incubation periods, the parameters under
study remained approximately unchanged, except the biological oxygen demand that
decreased from 7.3 to 0.8 g kg™'. Hence, the different intensities of extractable and non-
extractable "*C-erythromycin residues of the degradation tests in BM-1 and BM-5 could

not be elucidated by the matrix characterization tests.

Tab.5.6: Composition of different bovine manure samples before and at the
end of the degradation tests of erythromycin
Test/ Matrix Solvent Substance Substance
test test test test
Parameter BM-5 BM-5 BM-5 BM-1
Day 0 177 0 177 0 177 0 177
ds [%] 10 8 9 9 10 10 10 10
TOC [gkg™] 42 42 41 43 42 42 47 37
pH 6.9 7.8 7.0 7.6 6.7 7.8 7.3 8.4
Eh [mV] -110 | -160 | -160 | -170 | -70 | -160 | -120 | -170
0, [mg kg™ <01 | <01 |<01 | <01 |<01|<01]|<01] <01
NH4-N [g kg™'] 0.8 0.9 0.8 1.0 1.0 0.9 1.4 1.2
Niotal [9 kg''] 2.5 2.1 2.5 3.0 25 | 2.1 3.4 3.1
BODs[gkg' | 7.6 0.4 5.2 0.7 9.1 0.4 7.1 1.7
COD [g kg™ 84 60 62 39 62 60 78 84

Impacts of dry substance content and incubation temperature in bovine manure

The impact of dry substance contents on the formation of non-extractable "*C-erythro-
mycin residues was demonstrated in short-term degradation tests. In bovine manure
with 2.5 and 5 % of dry substance contents, 17 and 25 % of the initially applied radio-
activity was analyzed as non-extractable residues after 30 days (Fig. 5.22). The corre-
sponding value was 35 % at 10-% dry substance content. Furthermore, slightly higher
mineralization rates of 4 % and 3 % were determined at 2.5-% or 5-% dry substance

contents, respectively, after 30 days.
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Fig. 5.22: Degradation tests of **C-erythromycin in bovine manure (BM-1) at dif-

ferent dry substance contents and at 20 °C (balances: 102 + 5 %)
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Fig. 5.23: Degradation tests of **C-erythromycin in bovine manure (BM-1) at 10
% dry substance content and at different incubation temperatures
(balances: 100 £ 5 %)
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In contrast to the degradation of '“C-sulfamethoxazole in bovine manure BM-1, only
minor impacts of the temperature on the metabolic dynamics of "*C-erythromycin could
be found. Within the 30-day incubation periods, the extractable residues remained
nearly constant at 84 + 4 % at 5 and 10 °C (Fig. 5.23). At 20 °C, the extractable resi-
dues dropped slowly from 86 to 70 % of the initially applied radioactivity. Simultane-
ously, the non-extractable residues increased to 27 %, 20 % or 35 %, respectively. In

these short-term tests, mineralization was < 0.1 %.
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Fig. 5.24: Degradation of **C-erythromycin in pig manure PM-1 (balances: 102 +
4 %)

Long-term degradation tests in pig manure

Extractable "*C-erythromycin residues rapidly dropped from 99 % to 1 % of the initially
applied radioactivity within 100 days. Thereafter, a decrease to 0.2 % occurred. This
process was accompanied by a continuous formation of non-extractable residues. Al-
ready after 30 days, the crucial trigger of 70 % was exceeded first. This fraction finally
reached 96 %. Mineralization rates of 0.1 % were of minor relevance (Fig. 5.24). In
contrast to the sulfonamides under study, a higher affinity of *C-erythromycin to the pig

manure matrix was observed although pig manure was adjusted at 5 % while bovine
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manure contained 10 % dry substance. The formation of non-extractable residues thus
is not necessarily dependent on the dry substance content, but on the matrix and test
substance properties.

Until the 70-day intervals, the radioactivity amounts in the extracts were appropriate for
the RTLC metabolite screening. Within this period, the unchanged C-erythromycin
dropped from 77 to 3 %. DTs, was 3 days. The unidentified metabolite simultaneously
decreased from 24 to 14 %.

The matrix characterization tests clearly showed permanently anaerobic conditions up
to the 177-day incubation interval. The redox potentials mainly fell below < -200 mV
indicating strictly methanogenic conditions (Fig. 5.25). Nevertheless, '“C-methane or
related volatiles could not be detected in the corresponding degradation tests by head-

space analysis of the incubation flasks.
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Fig. 5.25: Redox potentials in the matrix characterization tests using pig manure
PM-1

In contrast to the degradation tests of sulfonamides in pig manure, here the biological

oxygen demand was < 4 g kg already after 30 days. Furthermore, the chemical oxy-

gen demand slightly dropped while the ammonium nitrogen content slightly increased
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(Fig. 5.26). The courses of these parameters might indicate minor decomposition proc-

esses of the organic substances in pig manure.
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Fig. 5.26: BODs, COD and NH4-N during the degradation test in pig manure PM-1
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Impacts of dry substance content and incubation temperature in pig manure

Different dry substance contents of manures determined the specific surfaces of the
solid manure matrix and the microbial biomass of manures. The effects of both pa-
rameters were reflected during the first incubation intervals of the degradation tests of
“C-erythromycin in pig manure. In the 0-day samples at 2.5 % and 5 % dry substance
content, thus 7 % and 8 % remained non-extractable, while, at 10 % dry substance
content, non-extractables amounted to 42 % at the same time (Fig. 5.27). Up to the
30-day incubation intervals, the initial differences leveled by the increase of the non-

extractable '*C-erythromycin fractions in pig as well as in bovine manure.
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Fig. 5.27: Degradation of **C-erythromycin in pig manure (PM-1) at different dry
substance contents (balances: 101 + 8 %)
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Fig. 5.28: Degradation of *C-erythromycin in pig manure (PM-1) at different in-
cubation temperatures (balances: 100 + 5 %)

68



Besides the effects of the microbial biomass, the degradation of VMP in manure de-
pends on the microbial activity that is affected by the incubation temperature. Hence,
the tests were conducted at 5, 10 and 20 °C. Particularly at 5 °C, extractable residues
slowly dropped within 7 days of incubation. Even in the 30-day samples, those (53 %)
predominated the non-extractable ones (49 %). At 10 and 20 °C, this degradation was
accelerated (Fig. 5.28). Already in the 3-day samples, 36 and 38 % have accounted for

non-extractable residues that finally increased to 65 and 70 %, respectively.
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6 Fate monitoring in manured soils

The laboratory and field studies already carried out in the Runoff Project® clearly
showed that fate and behavior of VMP in manured soils were affected by the manure
application. Thus, sulfonamides rapidly disappeared in the superficial layer (0-15 cm) of
a silty-clay soil under test-plot conditions without any indication of substance losses by
leaching (Kreuzig and Holtge, 2005, Kreuzig et al., 2007a). In laboratory-batch experi-
ments on the degradation of 4C-sulfadiazine, the formation of non-extractable residues
was identified as the major concentration determining process (Kreuzig and Holtge,
2005, Heise et al., 2006).

degradation tests

VMP > manure
standard test-manure
application application
N A 4

laboratory-test systems
degradation : microbial, chemical, photoinduced

sorption : Kq, Koc, laboratory lysimeter tests

y

test-plot studies
runoff, degradation, leaching

Fig. 6.1: Experimental design of the fate monitoring on VMP in manured soils

Within 50 days after application of the benzimidazole antiparasitics flubendazole and

fenbendazole, both VMP steadily disappeared in the same soil. Thereafter, fenbenda-

® "Investigations on Runoff of Veterinary Medicinal Products from Farmland and Grassland

after Manure Application" funded by the German Federal Environmental Agency (Runoff Pro-
ject, FKZ 202 67 435, 2002-2004).
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zole could not be determined above the limit of determination (20 pg kg™ dry soil)
caused by the formation of the corresponding sulfoxide and sulfone metabolites. The
latter was exclusively formed in the clay soil after manure application (Kreuzig et al.,
2007 a, b). As a result of these experiments, therefore, an experimental design was
developed for fate monitoring on VMP in manured soils already under laboratory condi-
tions (Fig. 6.1). On the basis of the degradation tests of VMP in manures, test manures
with short-term aged VMP residues were prepared and fortified to soil samples to in-
vestigate degradation and sorption of VMP under laboratory and field conditions
(Kreuzig and Holtge, 2005). In this way, the methodology of test-manure application

was introduced, first.

6.1 Degradation of VMP in manured soils

In accordance to the development of the technical protocol for testing the degradation
of VMP in manures, this experimental design for fate monitoring in manured soils was
checked for analytical practicability and analytical quality assurance. Starting with ma-
trix characterized reference-manure samples, test manures were prepared and applied
in the degradation tests. For this purpose, the performance of three different laboratory-
test systems was compared. These tests focused on 'C-acetyl-sulfamethoxazole
standard or test-manure applied to microbially active clay soil. Besides the set-up of
mass balances considering mineralization, extractable and non-extractable residues,
the rapid decomposition of this test substance into sulfamethoxazole could thus be
pursued. Additionally, the metabolic fate in soil of *C-ketoprofen and '*C-paracetamol
was monitored in short-term tests. Subsequently, the macrolide antibiotic "C-erythro-

mycin was long-term tested in two soils of different physico-chemical properties.

6.1.1 Performance of laboratory-test systems

The laboratory-batch system traced back to the OECD guideline 304 A (1981a) has
already been applied for the degradation tests in manures. The flow-through system
and the biometric-flask system with soda-lime trap were used, too. Both are specified in

the OECD guideline 307 (2002). The goal of those different methodological approaches

71



is testing on the degradation of chemicals in topsoil samples under permanently aero-
bic conditions. Those are realized either by a discontinuous air exchange every 3-4
days, by a permanent oxygen flow rate or by a diffusion-controlled air exchange. Be-
sides radiotracer analysis, parallel matrix characterization tests were conducted apply-
ing the non-labeled test substance in order to characterize the test conditions. Parame-
ters under study were pH, redox potential, substrate-induced respiration and dehydro-
genase activity.

Taken into account that the OECD guideline 307 (2002) accepts balances varying from
90 to 110 %, the mass balances did not considerably differ in those short-term batch
experiments after standard application (Tab. 6.1). This was the same for the deacyla-
tion of “C-acetyl-sulfamethoxazole resulting in the regeneration of '“C-sulfamethoxa-
zole. Both performance criteria clearly showed the equivalent applicability of the three

laboratory-test systems for monitoring the degradation of VMP in soils.

Tab.6.1: Comparison of laboratory-test systems for the degradation of **C-
acetyl-sulfamethoxazole in silty-clay soil after standard application

Day 0 7

Test system SLT BS SLT BS FTS
MIN [%] nd 0.2 0.2 0.2 0.2 <0.1
A-SMZ [%] 98 37 37 14 15 12

SMZ [%] nd 33 33 33 32 30

NER [%] 7 24 30 46 51 61

Balances [%)] 105 94 100 93 98 103

SLT : Biometric-flask with soda-lime trap and diffusion-controlled air exchange

BS : Laboratory-batch system with discontinuous air exchange every 3-4 days
FTS : Flow-through system with permanent oxygen stream
nd : notdetected

This matter of fact was confirmed by the parallel matrix characterization tests (Tab.
6.2). As reflected by the redox potentials, aerobic conditions typical for topsoil samples
prevailed in every test system after 3 and 7 days of incubation. Furthermore, the mi-
crobial activity in the soil samples under study was retained although differences were

depicted by the substrate-induced respiration and the dehydrogenase activity. The first
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indicating the activity of aerobic microorganisms maintained nearly constant while the
latter dropped from 102 to 35 pug TPF g™ dry substance 16 h™'. However, this decrease
reflecting the activity of the entirety of the soil inherent microorganisms was the same
for every test system. After standard application, the applicability of the laboratory-
batch system versus the others under study was proven again.

Besides the spiking of the aged residues of the test substance, readily degradable or-
ganic substances were introduced into the laboratory test-systems by the test-manure
application to the soil samples under study. Therefore, it was relevant that aerobic con-
ditions were retained in the laboratory-batch system devoid of an oxygen stream per-

manently passing through the incubation flask.

Tab. 6.2: Comparison of laboratory-test systems by matrix characterization

Day 0 3 7
Test system SLT BS SLT BS FTS
pH 6.2 6.2 6.2 6.3 6.4 6.4
Eh 490 430 450 520 530 510
SIR 1.2 1.0 1.3 1.0 1.2
DHA 102 99 102 34 35 35

SLT : Biometric-flask with soda-lime trap and diffusion-controlled air exchange
BS : Laboratory-batch system with discontinuous air exchange every 3-4 days
FTS : Flow-through system with permanent oxygen stream

Eh : Redox potential [mV]

SIR : Substrate-induced respiration [mg 100 g"' h™']

DHA : Dehydrogenase activity [ug TPF g 16 h™]

In Tab. 6.3, balances for “C-acetyl-sulfamethoxazole in manured clay soil and selec-
ted matrix parameters are compared. Considering the acceptable variation range of
mass balances from 90 to 110 %, the results of the long-term tests were consistent for
both test systems. This was confirmed by the matrix characterization tests, too. The
redox potentials substantiated aerobic conditions up to the 100-day incubation interval.
In contrast to the batch experiments after standard application, a definite higher micro-

bial activity was revealed by the dehydrogenase activity after test-manure application.
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Here, the values increased from the 7-day to the 28-day incubation interval. Finally, the

microbial activity decreased up to 100 days of incubation, however, for both systems.

Tab. 6.3: Comparison of laboratory-test systems for the degradation of C-
acetyl-sulfamethoxazole in silty-clay soil after test-manure application
Day 28 100
Test system BS FTS BS FTS BS FTS
MIN [%] <01 <0.1 0.2 0.1 1
ER [%] 17 18 2 2 2
NER [%] 82 87 97 91 97 99
Balances [%] 99 105 99 104 101 102
pH 7.2 6.5 6.7 6.4 6.7 6.5
Eh 440 470 460 460 430 470
DHA 238 224 305 206 150 123
BS : Laboratory-batch system with discontinuous air exchange every 3-4 days

FTS : Flow-through system with permanent oxygen stream
Eh : Redox potential [mV]

DHA : Dehydrogenase activity [ug TPF g 16 h™]

For a second series of performance tests, '“C-erythromycin was applied to clay-soil

samples via the application of test-manure that was prepared on the basis of reference-

bovine manure. As already found for "*C-acetyl-sulfamethoxazole, the metabolic fate of

the macrolide antibiotic was consistently reflected by both laboratory-test systems (Fig.

6.2). Thus, these tests showed the equivalent applicability of both laboratory-test sys-

tems with advantages for the low-cost laboratory-batch system due to less required

laboratory space, possible use of incubators instead of climatic chambers and effort-

less handling.
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Fig. 6.2: Comparison of laboratory-test systems for the degradation of **C-ery-
thromycin in silty-clay soil after test-manure application (BM-1) (bal-

ances: 106 + 8 %)

6.1.2 Short-term tests on ketoprofen and paracetamol

Fate and behavior of C-ketoprofen and '“C-paracetamol in soils were investigated
first in the Soil Project after standard and test-sludge application (Kreuzig et al.,
2005a). There, both test substances were considered relevant as human pharmaceuti-
cals that entered soil environments after irrigation of contaminated surface water for
artificial ground water enrichment or after application of sewage sludge as organic fer-
tilizer. Since both pharmaceuticals are applied in veterinary medicine, their entry via
manure application in soil was also taken into account. Thus, short-term tests after test-
manure application were conducted and compared to batch tests after standard appli-

cation.

Fate of **C-ketoprofen in manured soils
For this purpose, '“C-ketoprofen was fortified to matrix characterized bovine manure
samples and incubated for 7 days. In those test-manure samples, 82 % accounted for

'“C-ketoprofen as the unchanged parent compound, while 19 % accounted for an uni-
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dentified metabolite. Mineralization was < 0.1 % and non-extractable residues
amounted to 2 %. By the addition of the 100-g microbially active soil samples, initial
concentrations were thus adjusted at 24 ug ketoprofen kg™ soil. During the 28-day in-
cubation period, the extractable residues decreased from 83 % to 15 % of the initially
applied radioactivity. The extracts of the latter still contained 5 % of ketoprofen. Simul-
taneously, non-extractable residues increased from 22 % to 87 % while mineralization
finally reached 4.2 % (Fig. 6.3).

120
100 -
X g0l = 1
>
S
£ 60 -
®
(@]
S 40 -
©
20 | i
0 T i T = T == I‘
0 1 3 7 14 28

days after application

EMIN DER BNER

Fig. 6.3: Degradation of *C-ketoprofen in silty-clay soil after test-manure ap-

plication (balances: 101 + 3 %)

After standard application of “C-ketoprofen, however, the mass balances reflected
considerable differences in the metabolic dynamics (Fig. 6.4). There, the extractable
residues dropped from 92 % to 32 % already after 7 days of incubation. At the same
time, 15 % of the initially applied radioactivity accounted for '“C-carbon dioxide re-
leased by mineralization. At the end, this increased up to 26 % accompanied by the
increase of non-extractable residues from 13 % to 51 %. This comparison showed
again that the metabolic fate of VMP in soil is dependent on their entry route into soll

environments. Thus, fate under field conditions can only be assessed when the manure
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application is considered relevant already under laboratory conditions.
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Fig. 6.4: Degradation of **C-ketoprofen in silty-clay soil after standard applica-
tion (average: 89 + 12 %)

Fate of **C-paracetamol in manured soils

Already in the Soil Project, the metabolic fate of "“C-paracetamol was particularly no-
ticeable due to its very rapid formation of non-extractable residues. However, this proc-
ess that was intensified by the test-sludge application could only be observed in micro-
bially active soil samples. In microbially inactive soil samples, however, the unchanged
paracetamol remained extractable.

According to its application pattern in veterinary medicine, test-manure samples of "C-
paracetamol were prepared on the basis of reference-pig manure. After 7 days, ex-
tractable residues amounted to 31 % containing 23 % of the unchanged parent com-
pound. Besides two unidentified metabolites (approximately 4 % each), the non-
extractable fraction accounted for 64 %. Mineralization was < 0.1 %. After the addition
of 100-g microbially active soil samples, the initial concentration was 110 ug paraceta-
mol kg™ soil.
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Fig. 6.5: Degradation of **C-paracetamol in silty-clay soil after test-manure ap-
plication (balances: 91 + 5 %) in comparison to standard application
(STD)

The metabolic fate of '*C-paracetamol in manured soil was predominated by the forma-
tion of non-extractable residues (Fig. 6.5). Already in the 0-day sample, those
amounted to 92 % of the initially applied radioactivity. Subsequently, the non-extract-
able residues maintained nearly constant while the extractable ones dropped from 5 %
to 0.2 %. After 28 days of incubation, the mineralization reached 2 % at maximum indi-
cating that “C-carbon dioxide was released out of the non-extractable fraction. A simi-
lar tendency was found after test-sludge application (Kreuzig et al., 2005a).

After standard application, slightly differences in the intensity patterns of the mass bal-
ances occurred. In the 0-day samples, extractable residues still accounted for 8 % and
finally dropped to 1 % while mineralization simultaneously increased up to 5 %. Non-
extractable residues maintained nearly constant emphasizing again the high affinity of

“C-paracetamol to the soil matrix.
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6.1.3 Long-term tests on erythromycin

Since the Runoff Project, long-term tests on the degradation of VMP in manured soils
have been performed for "*C-sulfadiazine, "C-sulfamethoxazole, "*C-acetyl-sulfameth-
oxazole, "C-flubendazole, '*C-fenbendazole and ivermectine. The latter belonging to
the class of macrolide endectocides is not available as a "*C-labeled radiotracer and
was thus applied as a non-labeled test substance. This experimental approach only
allowed to determine the disappearance of the initially applied parent compound.
Therefore, the macrolide antibiotic '*C-erythromycin was involved into the degradation

tests of the Manure Project.
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Fig. 6.6: Degradation of **C-erythomycin in silty-clay soil after standard appli-
cation (balances: 101 £ 6 %)

Standard application

Preliminary, the metabolic fate in soil of "C-erythromycin in clay soil was investigated
after standard application. Within the 102-day incubation period, the extractable resi-
dues decreased successively from 78 % to 18 % of the initially applied radioactivity.

Along with this decrease, a release of *C-carbon dioxide by mineralization was found
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after 14 days. Starting at 0.2 %, finally 7 % was reached. Simultaneously, the non-

extractable residues increased up to 78 % after 102 days (Fig. 6.6).

Test-manure application

For the preparation of the test-manure samples, reference-pig manure was used that
was fortified using "C-erythromycin. After the 7-day incubation period, silty-sand or
silty-clay soil samples were added. The initial concentration thus was 155 ug erythro-
mycin kg™ dry soil. The degradation of *C-labeled erythromycin in silty-sand soil after
test-manure application is illustrated in Fig. 6.7. In contrast to the standard application,
here non-extractable residues were rapidly formed after mixing of test-manure and soil
samples. Within the 102-day incubation period, they slightly decreased to 89 % ac-
companied by a decrease of extractable residues from 8 % to 4 %. Nevertheless, the
release of "C-carbon dioxide could be observed first after 14 d. Mineralization was

0.1 % and subsequently increased up to 3 %.
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Fig. 6.7: Degradation of *C-erythomycin in silty-sand soil after test-manure
application (PM-1) (balances: 101 + 6 %)
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These dynamic processes, rather unusual for the less microbially active silty sand (SIR:
0.4 mg O, 100 g h™"), were reflected more clearly in the batch experiments using silty-
clay soil samples (SIR: 2.1 mg O, 100 g”" h™"). Within 56 days after test-manure appli-
cation, the extractable fraction amounted to 10 % containing 4 % of the unchanged
parent compound as shown by the RTLC screening. The non-extractable residues
reached 92 % at the same time (Fig. 6.8).
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Fig. 6.8: Degradation of **C-erythomycin in silty-clay soil after test-manure ap-
plication (PM-1) (balances: 103 + 7 %)

Mineralization increased from 0.1 % after 7 days up to 8 %. Thereafter, mineralization
escalated up to 40 % accompanied by the decrease of non-extractable residues up to
58 %. This process indicated that “C-carbon dioxide was released out of the non-
extractable fraction. The extractable fraction simultaneously underwent only a less
considerable decrease to 5 % containing 2 % of the unchanged parent compound.

From that, however, the enhanced mineralization rates could not be derived.
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6.2  Sorption in manured soils

In order to assess the mobility tendencies of VMP in soil under field conditions, batch
equilibrium tests were carried out under laboratory conditions in order to determine
soil/water distribution coefficients (K4 or Koc values). The methodology of these tests
has been primarily developed for pesticides. According to the OECD guideline 106
(1981b), the test substance under study was fortified to one portion of the calcium chlo-
ride solution that simulates the soil solution. Then, air-dried soil and the second portion
of calcium chloride solution were added. This suspension was shaken for 24 h and,
thereafter, separated by centrifugation. Subsequently, the concentration of the test
substance in the aqueous phase was analytically determined.

Later, there was a methodological change reflected in the new OECD guideline 106
(2000). Here, the soil samples under study were equilibrated first in one portion of the
calcium chloride solution overnight. Subsequently, the test substance under study and
the second portion of the calcium chloride solution were added. The suspension was
shaken for 24 h and the aqueous phase was analyzed.

Both methodological approaches have been applied for the assessment of the mobility
of VMP in soils since 1997 (EMEA, 1998, VICH, 2003). However, both disregarded that
VMP enter soil environments after manure application and that the manure matrix may
affect sorption and mobility tendencies of VMP in soils. The latter effect was already
shown within the Runoff Project. Although an enhanced mobility in soils was expected,
e.g., for sulfadiazine due to its conventionally determined Ky value of 2 L kg™ in silty-
clay soil (Kreuzig and Hoéltge, 2005), relevant leaching could not be found after test-
manure application, neither in laboratory-lysimeter experiments nor in test-plot studies
under field conditions. On the basis of these results, the test-manure application was

consequently adapted for the determination of soil/water distribution coefficients.

Impact of the standard and test-manure application on Ky values

According to the OECD guideline 106 (1981b), the impacts of standard and test-
manure application on the Ky values of selected test substances were studied. The
pure manure effect was studied, too. For this purpose, manure was added to soil after
the test substance application via standard solution. The assessment of mobility ten-
dencies was based on the trigger value defined by Fichter and Holden (1992). Thus,

values < 5 L kg™ indicate an enhanced mobility and leaching tendencies in soil.
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The Kq values of the test substances under study, i.e., '*C-sulfadiazine, '*C-erythromy-
cin, "C-ketoprofen and "C-paracetamol, were differently effected by the VMP applica-

tion techniques (Tab. 6.4).

Tab. 6.4: K, values of selected VMP after standard and test-manure application

to silt-clay and silty-sand soil (n = 4)

Soil Application SDz ERY KET PCM
technique IL kg™ IL kg™ IL kg™ L kg™
Silty clay standard 2+ 0 24 +2 3+0 47 + 2
standard + BM 3+ 0 | 33 *4 3+0 -
test manure (TMg) | 14+ 1 3 1 1£0 -—-
standard + PM --- 17 +2 - 42+ 2
test manure (TMp) -—- 1 £0 - 13+ 2
Silty sand | standard 2+ 0 14 +3 2+0 35+12
standard + BM 15+ 3 7 +1 3+1 -—-
test manure (TMg) | 84 +12 1 £0 1£0 -—-
standard + PM --- 7 1 - 14+ 2
test manure (TMp) -—- 01+0 - 7+ 1

SDZ: sulfadiazine, ERY: erythromycin, KET: ketoprofen, PCM: paracetamol
BM: bovine manure, TMg : test manure prepared from reference-bovine manure
PM : pig manure, TMp : test manure prepared from reference-pig manure

After standard application, "C-sulfadiazine was still classified as a potential leacher
while its mobility was definitely reduced after test-manure application. This effect espe-
cially concerned the silty-sand soil where a Ky of 84 L kg™ was reached indicating a
definitely lower leaching potential. As shown by the pure manure application, this im-
pact could not be understood as an exclusive matrix effect. After test-manure applica-
tion, the Ky values did not represent sorption of the initially applied test substance, but
also of the metabolites and non-extractable residues formed during the 7-day incuba-
tion period of the test-manure preparation. Nevertheless, this innovative experimental
approach contributed to the understanding of mobility of sulfadiazine in manured clay

soil under field conditions (Kreuzig and Holtge, 2005, Kreuzig et al., 2005).
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Complementary effects were found for "C-erythromycin. After standard application, Kq
values were 24 L kg™ for the clay soil and 14 L kg™ for the sand soil, resulting in Koc
values of 1500 and 875 L kg™, respectively. According to the classification of Hollis
(1991), both revealed only a slight mobility in soil. After test-manure application, how-
ever, Kq4 values dropped to 3 and 1 L kg™, respectively. Thus, the leaching potential of
erythromycin would be underestimated by the conventional Ky value determination. A
similar, but not so distinctive tendency was found for '*C-paracetamol while ketoprofen
was identified as a potential leacher, independent on neither standard nor test-manure

application.

Effects of different experimental techniques on the K4 value determination

In additional tests, the effects of different experimental techniques were investigated.
These differences were caused by different initial weights of the soil samples and dif-
ferent volumes of the calcium chloride solution. Despite the different boundary condi-
tions in these test series, consistent mobility tendencies of C-erythromycin were
found (Tab. 6.5).

Tab. 6.5: Effects of different experimental techniques on the determination of

K4 values of **C-erythromycin

Method A B

Soil/water ratio 1:1.4 1:1

Soil Application oC Kg Koc OoC Kqg Koc

technique [%] |[Lkag™ |ILka™ | [%] |[Lkg™ | [Lkg™"]

Silty clay |standard 16 | 24+2 | 1500 1.6 8+3 500
test manure (TMg)| 4.5 3+1 67 2.8 1+0 36
test manure (TMp)| 3.4 1+0 29 2.9 1+0 34

Silty sand | standard 1.1 14+3 | 1273 1.6 4+0 364
test manure (TMg) | 3.4 1£0 29 2.7 1£0 37
test manure (TMp)| 2.6 | 0.1£0 4 2.3 1£0 38

Method A: 25 g soil (ds) and 35 mL CaCl, (0.01 M) (OECD, 1981)
Method B: 50 g soil (ds) and 50 mL CaCl, (0.01 M) (OECD, 2000)

Highest K, values were found after standard application. Thus, erythromycin could be
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classified as slightly mobile in the silty-clay soil and as moderately mobile in the silty-
sand soil (Tab. 6.6). The soil/water distribution coefficients dropped after test-manure
application revealing "C-erythromycin residues as mobile in manured soils. The K
value determination after test-manure application seemed to be more robust against
the differing boundary conditions. As shown for this test substance, both methods can

be applied to investigate the sorption behavior of VMP in manured soils.

Tab. 6.6: Mobility classes of pesticides in soils (Hollis, 1991)

KOC
Mobility class IL kg']
Immobile > 4000
Slightly mobile 500-4000
Moderately mobile 75-499
Mobile 15-74
Very mobile <15
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7 Intra- and interlaboratory tests

The development of the technical protocol for fate monitoring of VMP in manure and
manured soil requires a tiered experimental design. That includes representative sam-
pling of bovine and pig excrements, matrix characterization, preconditioning of excre-
ment samples, preparation of reference-manure samples, performance of degradation
tests, preparation of test-manure samples and performance of degradation and sorp-
tion tests of VMP in manured soils. Every step demands specific measures of analytical
quality assurance. Thus, the first quality criterion focused on the reality to agricultural
practice simulating the real entry route of VMP into soils via manuring as closely as
possible. Thus, the natural composition of manures and their storage conditions have
to be implemented already under laboratory conditions. The second criterion focused
on the analytical practicability. Thus, developed tests have to be feasible in a defined
frame of time and costs. The third criterion focused on the analytical quality assurance.
Thus, the tests were conducted in duplicates and the test substances were applied as
'“C-labeled radiotracers allowing for the set-up of detailed mass balances. Those con-
sidered mineralization and formation of extractable and non-extractable residues. Fi-
nally, repeatability and reproducibility were checked in first intra- and interlaboratory

tests, respectively.

7.1 Intralaboratory test on matrix characterization

A first intralaboratory test on the matrix characterization of bovine and pig excrements
and reference manures was conducted at the Institute of EcoChemistry (ECO). The
goal was to check the applicability of the standard operating procedures for the mani-
fold sequence of different matrix parameters. The results are listed in Tab. 7.1. The
determination of the dry substance contents was consistent though two different meth-
ods were applied. Results of mineral contents and total organic carbon matched, too. In
contrast to the pH values, the use of electrodes for the determination of redox poten-
tials resulted in a higher variability of the results. Nevertheless, anaerobic conditions
were also revealed by the dissolved oxygen contents. Despite the complexity of the
analytical methods for the determination of total nitrogen and ammonium nitrogen con-

tents as well as the biological and chemical oxygen demands, those results were also

86



consistent.

Taking the complexity of those excrement and reference-manure samples and the mul-
titude of different analytical methods into special account, the sequence of different
matrix parameters was determined with high accuracy and precision although the ex-

periences of the four test persons were quite different.

Tab. 7.1: Results of the intralaboratory test on matrix characterization of bovine

(BE) and pig excrements (PE) and reference manures (BM, PM)

Matrix / BE-5 BM-5 PE-1 PM-1
Parameter

dSoven [%] 10+0.2 9+0.3 21+0.4 +
dsir [%] 12+0.9 10+ 0.5 23+0.8 6+1.3
Rmin [%] 13+1 na 22 +2 na
TOC [g kg™ 40+ 4 37+3 80+ 17 19+ 4
pH 6.4+0.1 6.5+0.1 74+0.1 7.7+0.2
Eh [mV] -80 +50 -100+30 | -190+70 | -220+30
O, [mg kg"] <0.1 <0.1 <0.1 <0.1
NH,-N[g kg™] 1.2+0.0 0.9+0.1 9.3+0.2 2.0+0.1
Niotal [0 kg'] 2.9+0.0 2.5+0.1 13.7 £ 0.1 3.0+0.0
BODs[g kg™] 12+£2.0 na 20+3.5 na
COD [g kg™ 61+5 59+6 179+ 10 41+3

na: not analyzed, n = 4

7.2 Interlaboratory tests on matrix characterization

Besides the repeatability of the matrix characterization of the excrement and reference-
manure samples in one laboratory, the reproducibility in three different laboratories was
also investigated (Tab. 7.2). Corresponding to the intralaboratory test, the analyses of
dry substance and mineral contents, copper and phosphorus amounts, total organic

carbon contents and pH values led to consistent results.
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Tab. 7.2: Results of the interlaboratory test on matrix characterization of bovine
and pig excrement samples (n = 3)

Matrix / Bovine excrement Pig excrement
Parameter
Laboratory RCC ECO UMS RCC ECO UMS
ds [%] 12+01 | 12+04 | 12+0.0 | 12200 | 12+01 | 12+£0.7
Rmin [%] 13+05 | 14+05 | 16+£0.1 | 17204 | 18+0.8 | 21+1.2
Cu [mg kg'] 9+0.3 7+0.8 11+£0.5 9+0.2 8+0.2 13+0.6
P [mg kg™] 1.0£0.0 | 09+00 | 1.3+01 | 23+£0.1 | 26+0.1 | 2801
TOC [g kg™ 52 + 1 56+5 46+ 0 50+ 0 52+ 4 400
pH 6.5 6.6 6.4 7.1 7.0 6.9
Eh [mV] -60+20 |-160+10| 150+40 | -180+0 |-210+10| 1400
O, [mg kg'] <01 <0.1 1.2+0.1 <01 <0.1 0.5+0.1
NH,N[gkg'] | 260 25+0 | 21+0.1 620 470 430
Niotar [g kg'] 390 45+0 | 52+02 | 56+£01 |6.7+£01 | 6.7+£05
BODs [g kg''] 32 15+ 0 26+0 45 19+0 | 38+2.1
COD [g kg™ 168 136 +1 | 14315 167 117 +13 | 1073

However, the measured redox potentials and dissolved oxygen contents clearly
showed the difficulties of the use of electrodes particularly in the complex bovine ex-
crement samples. Thus, one laboratory measured values of 150 + 40 mV for the redox
potential and 1.2 + 0.1 mg kg™ for the dissolved oxygen content in the bovine excre-
ment samples. Those indicated rather aerobic conditions while the corresponding val-
ues of both other laboratories definitely reflected anaerobic conditions. Concerning the
dissolved oxygen content, similar tendencies were found in the pig excrement samples
although the redox potentials matched the values of both other laboratories. Despite
those difficulties, anaerobic conditions during the incubation intervals of the degrada-
tion tests of VMP in reference manures up to 177 days can be guaranteed by the ex-
perimental procedure. After the manure samples are introduced and spiked by the "C-
labeled test substance, therefore, the laboratory-batch systems are directly rinsed by
means of a gentle nitrogen stream. Later on, this nitrogen rinsing is repeated after
every exchange of the potassium hydroxide solution used for the absorption of ™C-

carbon dioxide. Hence, the anaerobic conditions could be operationally defined.
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Furthermore, ammonium and total nitrogen contents were reliably analyzed at every
laboratory. The variability of the biological oxygen demand may be attributed to differ-
ent analytical techniques applied by two laboratories. One laboratory measured the
oxygen contents in Karlsruher bottles using the oxygen electrode (ECO) while the other
laboratory applied the Sapromat method (UMS). Finally, the results for the chemical

oxygen demand were nearly consistent.

7.3 Interlaboratory test on degradation of *C-sulfadiazine in reference ma-

nures

Besides the matrix characterization of bovine and pig excrements, the methodology of
the degradation tests of VMP in reference manures was involved in a first interlabora-
tory test. For this purpose, bovine and pig excrements and standard solutions of '*C-
sulfadiazine were dispatched to the test laboratories. There, the excrement samples
were conditioned at ambient temperature. After matrix characterization, reference ma-
nures were prepared and used for degradation tests with incubation periods up to 7
days.

As principally shown for the degradation tests in bovine manure, the mass balances
recorded in the 0-day samples were consistently predominated by the extractable frac-
tion (Fig. 7.1). Non-extractable residues were already found after application. Minerali-
zation rates were < 0.1 %. Replicates matched for each laboratory. On closer examina-
tion, however, differences were obvious for the results of the three laboratories. Al-
though the balances of RCC and ECO matched the acceptable variability range of 90
to 110 % (OECD, 2002), there was an intensity shift between extractable and non-
extractable fractions. Thus, RCC found on average 88 % extractable and 12 % non-
extractable residues while ECO found on average 72 % and 22 %, respectively. For
these differences, different extraction procedures may be the crucial factor. On the one
hand, deviating from the standard operating procedure given for this interlaboratory
test, the bovine manure suspension was separated by centrifugation. Thereafter, the
aqueous phase was directly scintillation counted and the solid phase was extracted by
means of acetonitrile. On the other hand, the manure suspension was directly treated

by means of ethyl acetate.
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Fig. 7.1: Degradation of **C-sulfadiazine in bovine manure after 0- and 7-day
incubation periods monitored at three laboratories

The RCC procedure thus led to the higher amounts of extractable residues. However,
that was combined with the difficulties of a preliminary metabolite screening in the
aqueous phase. At low concentrations of the formed metabolites, a direct HPLC/MS

analysis is excluded because of too low sensitivity. The development of a method for
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the analytical determination of unknown compounds, including enrichment and clean-
up procedures, may turn out to be time and cost consuming.

The BIO data could be hardly included into the discussion of those results because the
acceptable range of the recorded balances was exceeded. There, the non-extractable
fractions with amounts of 40 % on average seemed to be overestimated. Particularly
for extracted bovine manure samples, the solid phase has to be mixed with sea sand
and cellulose before drying, grinding and combusting. Otherwise, an unequal distribu-
tion of non-extracted radioactivity may occur due to brittleness and hardness of this
dried solid material. These tendencies were also found after the 7-day incubation peri-
ods. However, an increase of non-extractable residues was found at every laboratory
reflecting the high affinity of "C-sulfadiazine to manure matrices.

In comparison to the interlaboratory tests for bovine manure, four aspects attracted
attention in the tests with pig manure (Fig. 7.2). First, highest amounts of extractable
residues and lowest amounts of non-extractable ones were found again by RCC. Sec-
ond, "C-sulfadiazine has a lower affinity to pig manure than to bovine manure. Third,
the formation of non-extractable residues increased with the increasing incubation pe-
riod. Fourth, the mass balances recorded by the three laboratories matched the ac-
ceptable variability range. Hence, pig manure samples were easier to handle than the
bovine manure samples.

The first interlaboratory test clearly showed that the innovative experimental design of
the Manure Project principally facilitated the appropriate applicability of reference-
manure samples for monitoring the degradation of VMP. However, the occurred ex-
perimental variability requires the improvement of single analytical procedures. Due to
the matrix characterization, inaccuracies were found for the application of electrodes to
measure redox potentials and dissolved oxygen contents. Nevertheless, those vulner-
abilities can be compensated by the analytical procedure of these degradation tests in
manures that operationally define anaerobic conditions. Further efforts should be fo-
cused on the determination of the microbial activity in manure samples. Thus, a
change-over from the measurement of the biological oxygen demand to the dehydro-
genase activity is preferred although the method development for the latter has to be

optimized for the boundary conditions in manure samples.
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Fig. 7.2: Degradation of **C-sulfadiazine in pig manure after 0- and 7-day incu-

bation periods monitored at three laboratories
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As shown by these degradation tests of '“C-sulfadiazine in bovine and pig manures,
the extraction procedure for each test substance and its corresponding metabolites
have to be optimized. The separation of the manure suspension may be an alternative
approach to enhance the extraction efficiency. Due to the unsolved problem of the di-
rect metabolite screening in aqueous solutions at low concentrations, the method de-
velopment has to be also advanced taken the required time and cost frame for routine
analysis into account. A further alternative to the direct solvent extraction may be the
pretreatment of the manure samples by lyophilization.

7.4 Intralaboratory test on degradation of VMP in manured soils

For the completion of the Manure Project, a further intralaboratory test was conducted
by three differently experienced test persons of ECO. For this purpose, test-manure
samples containing '*C-erythromycin were prepared first by conducting 7-day incuba-
tion tests. These results are illustrated in Fig. 7.3.
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Fig. 7.3: Degradation of **C-erythromycin in bovine manure (BM-1) after 7 days
monitored by three test persons (A-C)
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Fig. 7.4: Degradation of **C-erythromycin in silty-clay soil after test-manure ap-
plication monitored by three test persons (A-C). Mass balances in the
A: 0- and B: 7-day samples
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The recorded mass balances were on average 109 £ 3 % and the single values of the
duplicates of each test person were consistent. Nevertheless, there was a slight inten-
sity shift of extractable and non-extractable fractions found for test person B. The test
persons A and C found definitely lower amounts of non-extractable residues.

Slight differences between the results of the three test persons were also found in the
degradation tests of "C-erythromycin in manured clay soil. Here, test person C deter-
mined the highest amounts of non-extractable residues in the 0-day samples (Fig. 7.4).
In contrast, those differences were not recorded after 7 days of incubation.

These results clearly discover two aspects. First, the analytical quality is depending on
the experiences of the analytical technicians or chemists. Second, the matrix charac-
terization of excrement and manure samples as well as the degradation of VMP in ma-
nures and the degradation in manured soils can be reproducibly performed, if the tech-
nical protocol is strictly complied.
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8 Summary

The initial situation

The entry route of VMP into soil environments is well understood. After the administra-
tion to production animals, VMP are excreted as parent compounds or metabolites.
Together with the excrements, they are transferred into manure tanks. During the long-
term manure storage, i.e., up to 6 months in Germany, VMP may undergo degradation
or sorption under anaerobic conditions. Those are typical for the storage of bovine and
pig manures. Non-degradable substances will reach soil environments when manures
are applied as organic fertilizers. There, fate and behavior of VMP may be furthermore
affected by the manure matrix. These aspects are partly considered by the authoriza-
tion procedure. There, the entry of VMP is only calculated by exposure assessment.
Due to the precautionary principles, degradation and sorption of VMP during manure
storage are not considered as concentration minimizing processes. Thus, antibiotics
above the trigger of 100 ug VMP kg™ soil and antiparasitics have to be tested on
ecotoxicological effects as well as on degradation and sorption in soils. For the latter
laboratory tests, the test substances are applied in appropriate solvents to soil samples

of different physico-chemical properties. Possible manure effects are thus disregarded.

The innovative concept

In order to close this lack, the Manure Project has been targeted at the development of
a technical protocol for laboratory tests on the fate of VMP in manures and manured
soils. Taking into account that bovine and pig manures are heterogeneous sample ma-
trices of high complexity and variability, reproducible sampling activities in high-volume
manure tanks is considered impossible. Therefore, an innovative research concept was
developed that started in the experimental stable. There, excrements of individually
kept cattle and pigs were sampled first. To understand the factors responsible for the
variability of the excrement samples, different ages of production animals and different
feeding conditions were taken into account. By means of this innovative approach, in-
fluences of disinfection or cleaning agents, commonly defined as biocides, and admin-
istered VMP could be principally excluded. Second, the excrement samples were thor-
oughly characterized by matrix parameters often used to analyze waste water, sewage
sludge and soil samples or to assess the biogas potential of different manures. Pa-

rameters under study were dry substance, mineral content, copper and phosphate con-
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tent, total organic carbon, pH, redox potential, dissolved oxygen content, total nitrogen
and ammonium nitrogen content, biological and chemical oxygen demand. Third, tap
water was added to prepare reference-manure samples of defined dry substance con-
tents. These matrices underwent matrix characterization, too. Forth, selected VMP
were applied as C-labeled test substances, i.e., sulfamethoxazole, acetyl-sulfameth-
oxazole, sulfadiazine, ketoprofen, paracetamol and erythromycin, in order to monitor
their degradation during the manure storage up to 177 days. Additionally, the matrix
characterization was continued to identify the boundary conditions of the degradation
tests. Furthermore, impacts of different dry substance contents and different incubation
temperature were also considered. Fifth, test manures containing 7-day aged VMP
residues were prepared and applied to soil samples to study degradation and sorption
in manured soils. Via test-manure application, the real entry route of VMP into soil envi-
ronments was simulated. Hence, this concept will improve the assessment of fate and

behavior of VMP in soil under field conditions.

The evaluation of the concept

Three principles have been considered relevant for the development of the technical
protocol. First, the degradation of VMP in manures as well as their entry route via ma-
nuring and manure effects on the fate of VMP in soils should be simulated under labo-
ratory conditions. Second, the development of the experimental design has to be
geared to the analytical practicability. Those laboratory tests have to be performed
within a defined frame of time and costs. Third, the laboratory tests have to comply with
the standards of the analytical quality assurance checked in preliminary intra- and inter-
laboratory tests.

In contrast to heterogeneous manure samples from high-volume tanks, the innovative
concept definitely enhanced the applicability of reference manures for laboratory test-
ing. This fact is clearly revealed by the thorough matrix characterization of excrement
and manure samples and the performed degradation tests of the test substances under
study. These tests showed that considerable differences occurred for the degradation
of VMP in bovine or pig manure. Therefore, that manure matrix should be tested that
corresponds to the application patterns of the VMP in veterinary medicine. The impact
of different ages of animals and different feeding conditions is of lower relevance. The
latter can be largely reduced, when diets for the test species of cattle and pigs will be

finally specified in the technical protocol. Different dry substance contents of the refer-
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ence manures or different incubation temperatures affected the metabolic fate of VMP
during the first incubation intervals. Thereafter, these effects were leveled out. For the
long-term degradation tests, therefore, one dry substance content, i.e., 10 % for bovine
manure and 5 % for pig manure, and one incubation temperature, i.e., 20 °C, are de-
fined in the technical protocol. Boundary conditions may be optionally modified to study
specific effects. Furthermore, the matrix characterization tests, carried out in parallel to
the degradation tests of VMP in manures, showed the equivalence of the laboratory-
test system and the flow-through system for monitoring the degradation of VMP in ma-
nures under anaerobic conditions.

On the basis of those degradation tests, test manures containing 7-day aged residues
of the test substances were prepared. Via test-manure application, parent compounds
initially applied and metabolites as well as non-extractable residues formed during the
short-term incubation period were thus applied to soil samples in order to study degra-
dation and sorption of VMP in manured soils. In contrast to the standard application,
where only a single test substance is applied, the test-manure application enhances
the fuzziness of the substance patterns as it may occur in manure tanks. Nevertheless,
this approach ensured the simulation of the real entry route via manuring and the con-

sideration of manure matrix effects on the fate of VMP in soil.

Need of further research activities

A first intralaboratory test on the matrix characterization of bovine and pig excrement
and reference manures clearly showed that manures became applicable sample matri-
ces for laboratory testing. This fact was confirmed by the first interlaboratory test. How-
ever, both also showed that the analytical determination of several matrix parameters
may be difficult. Particularly, the use of electrodes to check for anaerobic conditions by
the measurement of the redox potential and the dissolved oxygen content may be af-
fected by some interferences. Nevertheless, anaerobic conditions are operationally
guaranteed by the experimental design of the degradation tests in manures. Further
research activities should focus on the determination of the microbial activity in excre-
ments and manures. The determination of the biological oxygen demand merely com-
prised the activity of the aerobic microorganisms. Thus, the dehydrogenase activity
could be alternatively determined. The final photometric analysis of this procedure may
be interfered by the colored excrement and manure extracts at A = 485 nm. Here, the

method development should be continued to facilitate the substitution of the BOD
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measurement. Furthermore, the copper content and the chemical oxygen demand can
be canceled from the parameter patterns. Then, both only provide limited information.
The interlaboratory test also included the degradation tests of VMP in bovine and pig
manure. In these short-term tests, the different laboratories found similar tendencies in
the metabolic fate of "*C-sulfadiazine, revealing the reproducible applicability of the test
design. However, further research is necessary to develop a sophisticated extraction
procedure. This should consider the exhaustive extraction of the parent compound and
its corresponding metabolites. Thus, different extraction techniques should be com-
pared for selected test substances, i.e., direct solvent extraction of the manure suspen-
sion, separation of the manure suspension by centrifugation followed by the solvent
extraction of the solid phase or lyophilization of the manure sample followed by the
solvent extraction. Finally, the extraction technique has to be adapted for each single
VMP under study.

The second intralaboratory test dealt with fate monitoring of "C-erythromycin in ma-
nured soil. Although the test persons were differently experienced in analytical chemis-
try, this test clearly showed that the experimental sequence from the preparation of
reference manures and test-manures to the degradability tests can be reproducibly
performed. Nevertheless, further interlaboratory tests are needed to establish this
technical protocol. For this purpose, further test substances should be included. Here,
biocides that are applied in husbandry stables and enter manures are of particular in-
terest. In contrast to VMP, those may differ in their physico-chemical properties be-
cause they belong to different chemical classes and their application patterns, e.g.,
direct application into manure or spray application in the stable. Finally, a consistent
technical protocol should be established for laboratory testing on VMP and biocides in

manures and manured soils.
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9 Zusammenfassung

Die Ausgangssituation

Der Eintragspfad fiur Veterinarpharmaka in Bdden ist eindeutig vorgezeichnet. Nach
Verabreichung an Nutztiere werden die Veterindrpharmaka als unveranderte Aus-
gangssubstanzen oder gebildete Metaboliten ausgeschieden und gelangen in die Guil-
le. Wahrend der langfristigen Giillelagerung, die z.B. in Deutschland bis zu 6 Monate
betragen kann, unterliegen diese Abbau- und Sorptionsprozessen unter anaeroben
Bedingungen, welche typisch fiir die Lagerung von Rinder- und Schweinegiille sind. Mit
der Ausbringung der Giille gelangen dann die wahrend der Lagerung nicht abgebauten
Substanzen in Boden, wo ihr Rickstandsverhalten wiederum von Matrixeffekten der
Gllle beeinflusst werden kann. Diese Aspekte werden vom Zulassungsverfahren teil-
weise bericksichtigt. So wird die Eintragssituation mittels Expositionsabschatzung er-
mittelt. Gemank den Vorsorgeprinzipien werden allerdings Abbau und Sorption wahrend
der Gillelagerung nicht als konzentrationsminimierende Prozesse betrachtet. Damit
sind Antibiotika oberhalb des Schwellenwertes von 100 ug kg™ Boden und Antiparasiti-
ka auf 6kotoxikologische Effekte und auf Abbau sowie Sorption in Bdden zu testen. In
diesen Labortests werden die Testsubstanzen geldst in einem geeigneten Lésungsmit-
tel dotiert, so dass hiermit mégliche Einflisse der Gullematrices nicht berlcksichtigt

werden konnen.

Das innovative Konzept

Genau hier setzte das Gllle-Projekt an, um diese Liicke mit der Erarbeitung eines Me-
thodenkataloges mit Richtliniencharakter flr Labortests zum Rlckstandsverhalten von
Veterinarpharmaka in Gulle und gullegediingten Béden zu schlieRen. Aufgrund der
Heterogenitat von Gillle ist eine reproduzierbare Entnahme von Proben aus Giillesilos
nicht gegeben. Daher begann dieses innovative Konzept im Versuchsstall, in dem Ex-
krementproben von Kiihen und Schweinen aus der Einzeltierhaltung entnommen wur-
den. Um hier unterschiedliche EinflussgroRen auf die Zusammensetzung der Exkre-
mentproben zu erkennen, wurden Tiere unterschiedlichen Alters sowie unterschiedli-
che Fitterungsbedingungen einbezogen. Diese Vorgehensweise bot vor allem den
Vorteil, dass Einfliisse Uber eingetragene Desinfektions- und Reinigungsmittel sowie
andere Biozide und verabreichte Veterinarpharmaka grundsatzlich ausgeschlossen

werden konnten. Danach wurden die Exkrementproben einer umfassenden Matrixcha-
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rakterisierung unterzogen. Berilicksichtigte Parameter waren Trockensubstanz, Mine-
ralgehalt, Kupfer- und Phosphatgehalt, Gesamtgehalt an organischem Kohlenstoff, pH,
Redoxpotential, geléster Sauerstoffgehalt, Ammonium- und Gesamtstickstoffgehalt
sowie biologischer und chemischer Sauerstoffbedarf, die ebenfalls in der Analyse von
Abwassern, Klarschlammen oder Bdéden sowie zur Abschatzung des Biogaspotentials
von Gllle herangezogen werden. Im nachsten Schritt wurden dann durch Wasserzu-
gabe die Referenzgilleproben mit definierten Trockensubstanzgehalten hergestellt, die
wiederum der Matrixcharakterisierung unterzogen wurden. Diese Referenzgllleproben
wurden schlieRlich in den Abbautests der '*C-markierten Testsubstanzen Sulfametho-
xazole, Acetyl-sulfamethoxazole, Sulfadiazine, Ketoprofen, Paracetamol und Erythro-
mycin eingesetzt. Die Inkubationsperiode von 177 Tagen simulierte dabei eine langfri-
stige Glllelagerung. Auch hier erfolgte die Matrixcharakterisierung anhand der oben
aufgefiihrten Parameter, um so Veranderungen der Gullematrices wahrend dieser
Tests erkennen zu kdénnen. Dariber hinaus wurden unterschiedliche Trockensub-
stanzgehalte und verschiedene Inkubationstemperaturen bezuglich ihres Einflusses auf
den Abbau der Testsubstanzen in Gille betrachtet. Auf der Basis dieser Abbautests
wurde dann Testgllle mit 7 Tage gealterten Veterindrpharmaka-Ruckstanden herge-
stellt, um so Abbau und Sorption in Béden zu untersuchen. Mit dieser Testgulle-
Applikation gelingt es, den realen Eintragspfad bereits unter Laborbedingungen nach-
zuvollziehen und somit die Abschatzung des Rickstandsverhaltens von Veteri-

narpharmaka in gullegediingten Béden unter Freilandbedingungen zu verbessern.

Die Bewertung des Konzeptes

Der Entwicklung des Methodenkataloges beruhte auf drei grundsatzlichen Bedingun-
gen. Dabei galt es, das Rlckstandsverhalten von Veterindrpharmaka in Gille und gul-
legediingten Boden unter der besonderen Bericksichtigung des realen Eintragspfades
bereits unter Laborbedingungen zu erfassen. Diese Labortests mussten sich ferner an
der analytischen Machbarkeit in einem definierten Zeit- und Kostenrahmen und an den
Standards der analytischen Qualitatssicherung orientieren. Letztere wurde in ersten
internen und externen Labortests Uberpruift.

Im Gegensatz zu heterogenen Gulleproben aus Gullesilos ermdglicht dieses innovative
Konzept die reproduzierbare Anwendbarkeit von Referenzgulleproben in Labortests.
Dieses wird durch die umfassende Matrixcharakterisierung sowie durch die Abbautests

eindeutig belegt. In diesen Tests ergaben sich deutliche Unterschiede fir die einge-
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setzten Rinder- und Schweinegllleproben. Daraus ergibt sich die Forderung, Veteri-
narpharmaka entsprechend ihres Anwendungsmusters in der entsprechenden Glille-
matrix zu testen. Einflisse des Tieralters oder der Fitterungsbedingungen waren da-
gegen von untergeordneter Bedeutung. Letzterer kann ferner durch die Festschreibung
definierter Fltterungsbedingungen weitgehend vermindert werden. Unterschiedliche
Trockensubstanzgehalte und unterschiedliche Inkubationstemperaturen beeinfluen in
den ersten Inkubationsintervallen der Abbau der untersuchten Veterinarpharmaka. Zu
spateren Intervallen gleichen sich diese Unterschiede weitestgehend an. Damit ist es
ausreichend, fir die Abbautests im Methodenkatalog einen Trockensubstanzgehalt,
z.B. 10 % fir Rindergulle und 5 % fir Schweinegiille, und eine Inkubationstemperatur,
z.B. 20 °C, vorzuschreiben. Zur Ermittlung spezieller Effekte kdnnen diese Randbedin-
gungen dann optional modifiziert werden. In den Matrixcharakterisierungstests, parallel
zu den Abbautests durchgeflhrt, zeigte sich ferner die Gleichwertigkeit verschiedener
Labortestsysteme, so dass flur die Abbautests in Gille unter anaeroben Milieubedin-
gungen sowohl das Laborbatchsystem als auch das Durchflusssystem eingesetzt wer-
den kénnen.

Auf der Basis dieser Abbautests wurde Testgllle mit 7 Tage gealterten Veterinarphar-
maka-Rickstanden hergestellt und zur Untersuchung des Abbau- und Sorptionsverhal-
tens von Veterinarpharmaka in glllegedingten Bdden eingesetzt. Mit der Testgulle-
Applikation werden so neben der anfangs eingesetzten Ausgangsverbindung auch
gebildete Metaboliten und nicht-extrahierbare Rickstadnde zu den Bodenproben dotiert.
Im Gegensatz zur Standard-Applikation, bei der gezielt nur eine Testsubstanz appliziert
wird, resultiert aus dem dotierten Stoffspektrum eine gewisse Unscharfe, wie sie auch
in Gullesilos auftreten kann. Nur mit diesem Ansatz kdnnen somit der reale Eintrags-

pfad und mdglich Gillematrixeffekte nachvollzogen werden.

Notwendigkeit weiterer Forschungsaktivitaten

In einem ersten internen Labortest wurde gezeigt, dass mit den Referenzgllleproben
reprasentative Probenmatrizes vorliegen, die reproduzierbar in Labortests eingesetzt
werden kénnen. Das wurde auch in einem ersten externen Labortest belegt. Allerdings
zeigten sich dort auch Schwierigkeiten bei der Messung einzelner Parameter. Insbe-
sondere der Einsatz von Elektroden zur Messung von Redoxpotentialen und Gehalten
des geldsten Sauerstoffes zur Uberpriifung der anaeroben Milieubedingungen in Ex-

krement- sowie in Referenzgllleproben fuhrte teilweise zu abweichenden Resultaten.
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Allerdings sind anaerobe Milieubedingungen durch die Versuchsdurchfiihrung opera-
tionell sichergestellt. Weitere Forschungsaktivitdten verlangt dagegen die Ermittlung
der mikrobiellen Aktivitdt unter anaeroben Milieubedingungen der Gulle. Der biologi-
sche Sauerstoffbedarf erfasst hier bevorzugt aerobe Mikroorganismen. Die Gesamtheit
der Mikroorganismen lasst sich zwar mittels der Dehydrogenaseaktivitat bestimmen.
Doch flhren die teilweise stark gefarbten Extrakte der Exkrement- und Gulleproben bei
der photometrischen Analyse bei A = 485 nm zu Interferenzen. Hier sind damit weitere
Schritte der Methodenentwicklung angezeigt. Aufgrund des eher geringen Informati-
onsgehaltes kénnen dagegen die Bestimmung der Kupfer-Gehaltes und des chemi-
schen Sauerstoffbedarfes aus dem Methodenkatalog gestrichen werden.

Dieser erste externe Labortest beinhaltete auch die Abbautests von *C-Sulfadiazin in
Rinder- und Schweinegiille. In diesen Kurzzeittests ermittelten die verschiedenen La-
boratorien weitgehend Ubereinstimmende Tendenzen zum Abbau der eingesetzten
Testsubstanz. Allerdings zeigte sich hier auch die Notwendigkeit, die Extraktionstech-
nik fir die Gulleproben weiterzuentwickeln, um applizierte Testsubstanzen und korre-
spondierende Metaboliten erschopfend extrahieren zu kénnen. Somit sollten verschie-
den Extraktionstechniken naher untersucht werden, wie z.B. die direkte Extraktion der
Gullesuspension mit einem organischen Ldsungsmittel, die Trennung der Gullesus-
pension mittels Zentrifugation und anschlieBender Lésungsmittelextraktion der Fest-
stoffmatrix sowie die Gefriertrocknung der Giullesuspension und anschlielender L6-
sungsmittelextraktion der Feststoffmatrix. Nichtsdestotrotz muss die Extraktionstechnik
an die Testsubstanz der jeweiligen Studie angepasst werden.

In einem zweiten internen Labortest wurde das Abbauverhalten von "C-Erythromycin
in gullegediingtem Boden untersucht. Auch wenn an diesem Labortest Testpersonen
mit unterschiedlichen Erfahrungen in analytischer Chemie teilnahmen, konnte deutlich
gezeigt werden, dass die experimentelle Versuchsabfolge von der Herstellung von Re-
ferenz- und Testgulleproben bis zu den Abbautests in glillegediingten Béden weitge-
hend reproduzierbar durchgefiihrt werden kann. Allerdings sind fir die Etablierung die-
ses Methodenkataloges noch weitere externe Labortest notwendig. Hierflr ist auch die
Einbeziehung weiterer Testsubstanzen erforderlich. Von besonderer Bedeutung sind
hier Biozide, die ebenfalls im Stall Anwendung finden und schlielich in die Giille ein-
getragen werden. Im Gegensatz zu den Veterindrpharmaka zeichnen sich diese Sub-
stanzen oftmals durch andere physiko-chemische Eigenschaften aus, da sie aus ande-

ren Stoffklassen stammen und andere Anwendungsmuster, z.B. direkte Anwendung in
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der Gllle oder Sprayapplikation im Stall, haben. SchlieBlich sollte dieser Methodenka-
talog mit Richtliniencharakter fir Veterindrpharmaka und Biozide in Gille und gullege-

dingten Béden Anwendung finden kdnnen.
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Proposal for a Technical Protocol (Draft Version)

Degradation of Veterinary Medicinal Products in Bovine and Pig

Manure and Degradation and Sorption in Manured Soils

INTRODUCTION

1. This technical protocol is designed for evaluating the degradation of veterinary
medicinal products (VMP) in liquid bovine and pig manures under anaerobic conditions
and for their degradation and sorption in manured soils under aerobic conditions. Spe-
cial focus is put on the environmentally relevant entry route of VMP into soil environ-
ments: After the administration to cattle or pigs, VMP are excreted as parent com-
pounds or metabolites via urine and feces. In loose housing stables with slatted floors,
the excrements are discharged into manure aboveground silos or underground pits.
After the storage of manures up to several months, they are applied to arable and
grassland soils as organic fertilizers. Via this route, VMP may enter soil environments.
Thus, the persistence of VMP during manure storage under anaerobic conditions de-
cides on the environmental relevance of this entry route. Further entry routes, i.e., solid
dung application and direct dung pat deposition by production animals on pasture, are
not considered by this technical protocol. Solid dung of poultry is not in the scope of

this technical protocol due to its aerobic storage conditions.

2. Taking into special consideration that manures are heterogeneous matrices of
high complexity and variability, the representative and reproducible sampling in manure
tanks is considered impossible. Therefore, this technical protocol is focused on the
sampling of excrements from cattle and pigs kept in an experimental stable and fed
under standard nutrition conditions. After a sophisticated matrix characterization, refer-
ence-manure samples are prepared from the excrement samples by the adjustment of

defined dry substance contents typical for bovine or pig manures.
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3. This technical protocol comprehends a tiered experimental design in five parts:
l. Sampling of excrements and preparation of reference bovine and pig manures.
Il. Anaerobic degradation tests of VMP in reference manures.

Il. Preparation of test manures.

V. Aerobic degradation in manured soils.

V. Sorption tests in manured soils.

PRINCIPLE OF THE TESTS

5. The principle of the degradation test in manure is based on the tiered experimental
design starting with the reproducible sampling of excrements. After a sophisticated
matrix characterization, water is added to the excrement samples to prepare the refer-
ence-manure samples for these degradation tests under controlled experimental condi-
tions. Test substances should be fortified as “C-labeled radiotracers with special re-
spect to the high complexity of the manure samples. Mass balances are set up consid-
ering the mineralization and the formation of extractable and non-extractable residues.
Extracts were additionally screened for the parent compound initially applied and me-
tabolites formed during appropriate incubation intervals up to 180 d.

On the basis of these degradation tests in reference manure, test manures with 7-d
aged VMP are prepared and applied in batch tests on degradation and sorption of VMP

in manured soils in accordance to the OECD Guidelines 307 and 106 [1,2].

APPLICABILITY OF THE TESTS

6. These tests are principally applicable to every veterinary medicinal product (*C-
labeled or non-labeled) for which an analytical method with sufficient accuracy and
sensitivity is available. With special respect to the high complexity of the manure sam-
ples, the use of "C-labeled test substances is strongly recommended. Otherwise,
mass balances including the release of “C-carbon dioxide and the formation of non-
extractable residues cannot be set up and the metabolic fate of the test substance can
only be assessed by the determination of the disappearance time of the parent com-

pound under study.
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INFORMATION ON THE TEST SUBSTANCE

7. The "C-labeled test substance is to be specified by the position of the labeling
(most stable moiety in the molecule is to be preferred), the radiochemical purity (= 95

%) and the specific radioactivity.

8. Before carrying out degradation tests in manure and degradation and sorption

tests in manured soils, the following information on the test substance should be avail-

able:

— Solubility in water according to OECD Guideline 105 [3].

— Solubility in organic solvents.

— Vapour pressure according to OECD Guideline 104 [4] and Henry’s law constant.

— n-Octanol/water partition coefficient according to OECD Guidelines 107 and 117
[5,6].

— Chemical degradation in dark (hydrolysis) according to OECD Guideline 111 [7].

— pK; if a molecule is liable to protonation or deprotonation according to OECD
Guideline 112 [8].

9. Other useful information may include data on toxicity of the test substance to ma-

nure and soil microorganisms according to OECD Guidelines 216 and 217 [9,10].

10. Analytical methods (including extraction and clean-up methods) for identification
and quantification of the test substance and its metabolites should be available or have
to be elaborated. Furthermore, reference substances should be used for the charac-
terization and /or identification of degradation products by spectroscopic and chroma-
tographic methods.

DEFINITIONS

11. See Annex A.
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QUALITY CRITERIA

Recovery
12. Data for the quality assurance of the matrix characterization are given in the ISO
and DIN EN Guidelines listed in Annex B.

13. The analyses of at least duplicate manure samples as well as manured soil sam-
ples directly after the addition of the test substance give a first indication of the repeat-
ability of the analytical methods and of the uniformity of the application procedure for
the test substance. Recoveries for the experiments are given by the respective mass
balances that should range from 90 % to 110 %, if possible. Taking the high complexity
of manure matrices and manured soil samples into special account, recoveries are
considered acceptable at 70-110 %, especially when residue analytical methods are

applied.

Repeatability
14. Differences of independently analyzed duplicates should not exceed 10 %, if pos-

sible.

15. Repeatability of the analytical method to quantify test substance and metabolites
can be checked by duplicate analysis of the same extract of the manure and manured
soils incubated long enough for formation of metabolites. In general, the analytical
methods are considered repeatable, if the difference of duplicates does not exceed
10 %. Furthermore, the analytical quality is expressed by the mass balances of the

conducted tests (see recovery chapter, paragraph 12).

16. The limit of determination (LOD) of the analytical method for the test substance
and for the degradation products should be at least 0.1 mg kg™' manure (fresh weight)
and 0.01 mg kg™ manured soils (dry weight) or 3 % of applied concentration whichever

is lower. The limit of quantification (LOQ) should also be specified.

Accuracy of degradation data
17. The data are evaluated by using appropriate statistics (e.g., modelmaker). Re-

gression analysis of the concentrations of the test substance as a function of time gives
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the appropriate information on the reliability of the degradation curve and allows the
calculation of the confidence limits for half-lives (in case of pseudo first order kinetics)

or DT values and, if appropriate, DTg values [11,12].
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PART I. SAMPLING OF EXCREMENTS AND PREPARATION OF REFERENCE BO-
VINE AND PIG MANURES

INFORMATION ON THE EXCREMENT AND MANURE SAMPLES

Sampling and feeding conditions

18. To get the complexity and variability of manures under control, excrements from
conventionally fed single animals or groups of up to 8 individuals are taken in a period
of 12 to 24 h. The race (e.g., diary cows: German Holstein — black and white, fattened
pigs: German Federal Hybrid Breeding Program), feeding conditions (adequate to
standard nutrition conditions) as well as the age of the individuals should be known.
For the food, the percentage composition should be given, if possible, reflecting the
herbivore nutrition type of cattle (e.g., grass silage, pellets and minerals) and the omni-
vore nutrition type of pigs (barley, soya pellets, soya oil, vitamins, minerals, trace ele-

ments and amino acids). The administration of VMP has to be definitely excluded.

Preconditioning, storage and matrix characterization of excrement samples

19. Directly after excretion, readily degradable organic compounds of the excrements
undergo rapid decomposition enhancing the matrix heterogeneity [13,14]. To minimize
this effect, the preconditioning of excrement samples is necessary. For this purpose,
the excrement samples are kept in plastic containers (approximately 20 L) at ambient
temperature. Within a 21-d period, they are daily homogenised using an electric stirrer.
To ensure a gas exchange, the lid loosely covers the container. Thereafter, the excre-
ments samples are to be matrix characterized by the parameters as follows: dry sub-
stance, mineral content, total phosphorus, total organic carbon, pH, redox potential,
dissolved oxygen, ammonium and total nitrogen, biological oxygen demand. If anaero-
bic conditions, indicated by the dissolved oxygen contents < 0.1 mg kg™, the redox
potential Eh < +150 mV [14] and an ammonium content stable up to + 0.2 g kg™, are
established [15-20], the excrements can be directly used for the reference manure
preparation or long-term stored up to 360 d at -20 °C until analytical processing. After
defrosting, the excrements are stored at 20 °C for 3 d to remobilize the excrements

inherent microorganisms.
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Reference manure preparation
20. For manure preparation, the dry substance content (ds) of the excrement sample
under study must be known. The targeted mass of excrements is calculated using the

following formula:

m. = dSman *Miyan (1)

ex
ds,,

Mex: mass of required excrement sample [g]

dse:  dry substance content of the excrement sample [%]
Mman:  Mass of the resulted manure sample [g]

dsman:  targeted dry substance of the manure sample [%]
My mass of required water [g]

21. Subsequently, the required quantity of the excrement is weighed into a sample
bottle or directly into the flask of the laboratory-test system. After adding the tap water,
the manure sample is to be homogenized and the matrix characterization is to be ex-
emplarily carried out again. The prepared manure samples can be stored in closed

sample bottles at 4 °C for 7 d, without any change in parameters.

CHARACTERIZATION OF EXCREMENT AND MANURE MATRICES

Further detailed information about the manure matrix characterization procedure is

given in the Annex B.

Equipment and chemicals

22. Standard laboratory equipment is required and especially the following:

- Plastic containers with lid, 20 L, 2 Land 1 L,
- Mechanical mixing device (e.g., electric stirrer),
- Drying oven (105 = 5 °C) or infrared heater with analytical balances,

- Muffle furnace (550 + 25 °C),
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- Laboratory microwave system,

- Inductively coupled plasma optical emission spectrometry (ICP-OES),
- Incubator (5 to 20 + 1 °C),

- Apparatus for determination of the total carbon content,

- Analytical balances (accuracy < 1 mg),

- pH-meter with pH electrode and appropriate test solution,

- Millivoltmeter with redox electrode and appropriate test solution,
- Oxygen meter with measuring probe,

- Distillation and digestion systems with distillation flasks or tubes,
- Incubation bottles (Karlsruher bottles),

- Heating system (148 + 1 °C) for COD cuvettes,

- Spectral photometer, digestion stand with digestion flasks or tubes.

23. Chemicals used include, for example:
All used chemicals (e.g. NaOH, H,SO,, etc.) and organic solvents (e.g. acetone,

methanol) should be of analytical grade.

Dry substance content (ds)

24. Excrements and manure samples (1 to 6 g) are dried in a drying oven to constant
mass at 105 + 5 °C [21]. Alternatively, an infrared heater can be used to drive out the
water. The difference of an amount of excrement or manure before and after the drying
procedure is used to calculate the dry substance content. The dry substance content is

expressed in percentage, with an accuracy of £ 1 % (m/m).

Mineral content (Rmin)

25. Excrements and manure samples are glowed in a muffle furnace at 550 + 25 °C to
constant mass [22]. The difference of an amount of excrement or manure before and
after the glowing procedure is used to calculate the mineral content that is expressed

with an accuracy of £ 1 % (m/m).
Phosphate content (P)

26. After a microwave digestion, a measurement of atomic emission by an optical

spectroscopic technique (ICP-OES) is performed. After the addition of 8 mL of nitric
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acid, 2 mL of hydrogen peroxide and 2 mL of water, the digestion process with 100 to
200 mg dried substance of the excrement or manure samples is conducted in the mi-
crowave at 200 °C for 1 h. According to [23] the ICP-OES analysis is accomplished.
For external calibration standard solutions in concentrations ranged from 0.01 to 100
mg L™ are used. The element content is expressed in mg kg™ fresh weight, with an ac-
curacy of 1 mg kg™'. Results higher than 1000 mg kg™ are expressed in g kg™ fresh

weight, with an accuracy of 1 g kg™

Total organic carbon (TOC)

27. The carbon present in excrement or manure samples is oxidized to carbon dioxide
by heating up at least 900 °C in a flow of oxygen-containing gas that is free from car-
bon dioxide [24]. Prior to combustion, carbonates are to be removed from the dried
samples (50-100 mg) by an excess of hydrochloride acid (4 mol L™"). Subsequently, the
samples are to be dried at 105 °C, homogenized and mixed with aluminum oxide
(1:20). The mixed samples are combusted and the released amount of carbon dioxide
is measured by titrimetry, gravimetry, conductometry, gas chromatography or infrared
detection method, depending on the apparatus used. The total organic carbon is ex-

pressed in % dry substance or in g kg™ fresh weight, with an accuracy of 1 g kg™

Toc,, =M 100 Toc,, =M 10.4s
ma a
ds: dry substance [%)]
fw: fresh weight
me: amount of carbon [ug]
ma: initial weight [ug]
f: dilution factor
100:  conversion factor to percent
10: conversion factor to 1 kg excrement or manure
pH value

28. The pH value is measured directly in the homogenized excrement or manure
sample (50 to 100 g) using a pH electrode. The pH value can be considered as stable
when the pH measured over a period of 5 s varies by not more than 0.02 units. The

results are expressed to one significant figure [25].
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Redox potential (Eh)

29. The redox potential is measured directly in the homogenized excrement or manure
sample (50 to 100 g) using a redox electrode system, related to the voltage of standard
hydrogen electrode. The value of the redox potential is quoted rounded to nearest
10 mV [26].

Dissolved oxygen content (O,)

30. The dissolved oxygen content is measured directly in the homogenized excrement
or manure sample (50 to 100 g) using an electrochemical cell which is isolated from the
sample by a gas permeable membrane [27]. The resulted oxygen content is given in
mg O, kg™ sample to the first decimal place for results > 0.1 mg O, kg™'. Results less

0.1 mg oxygen kg™ are reported as < 0.1 mg kg™

Ammonium nitrogen content (NH;-N)

31. Under mildly alkaline conditions [28], a distillation of the homogenized excrement
or manure sample (1 to 4 g) is performed. The released ammonia is trapped in a re-
ceiving flask containing 50 mL boric acid solution (20 g L™") and an indicator solution
(e.g., 200 pL mixed indicator No. 5). Titration of the ammonium in the distillate is con-
ducted with standard volumetric hydrochloric acid solution (0.1 mol L™"). The ammo-
nium nitrogen concentration, expressed in g NH,-N kg™ and rounded to one significant

figure is calculated using the formula:

(Vy = Vo)-c-My
m

NHs-N =

V4: volume of hydrochloric acid used in the titration of the sample [mL]
Vo : volume of hydrochloric acid used in the blank test [mL]

m: mass of the excrement or manure sample [g]

c: concentration of hydrochloric acid [0.1 mol L™]

My: molar mass of nitrogen [= 14.01 g mol™.

Total nitrogen content (Notal)

32. The total nitrogen content of homogenized excrement and manure samples (1 to 4
g) is determined by Kjeldahl digestion that transfers the nitrogen containing compounds
(proteins, amines, etc.) into ammonium compounds [29]. After the addition of bases,

ammonia is released by distillation and titrated. The reaction is accelerated by Kjeldahl
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tablets (5 g) that contain sulfates and metallic salts. The sulfates increase the boiling
point of the concentrated sulfuric acid (10 mL). The selenium, copper, titanium or mer-
cury salts shorten the time of digestion. After a boiling period of at least 3 h, the distilla-
tion of the released ammonia follows. The distillate finally trapped in 50 mL boric acid
(20 g L™ is titrated using a standard volumetric hydrochloric acid solution (0.1 mol L™)
as well as an indicator solution (e.g., 200 uL mixed indicator No. 5). The total content of
nitrogen expressed in g N kg™ and rounded to one significant figure is calculated using

the formula:

V4: volume of hydrochloric acid used in the titration of the sample [mL]
Vo: volume of hydrochloric acid used in the blank test [mL]

m: mass of the excrement or manure sample [g]

c: concentration of hydrochloric acid [0.1 mol L™]

My: molar mass of nitrogen [= 14.01 g mol™.

Biological oxygen demand in 5 days (BODs)

33. The microbial activity of excrement and manure samples have to be checked be-
fore degradation tests in reference manures are conducted or test-manure samples are
prepared. For this purpose, the biological oxygen demand® can be determined [30].
Excrement and manure samples are diluted with varying volumes (Table 1) of tap wa-
ter nearly saturated with oxygen and containing allylthiourea (2 mg L") to suppress

nitrification.

4 By means of the BODs measurement, the activity of aerobic microorganisms is merely com-

prised. Thus, the dehydrogenase activity can be alternatively determined considering that
nearly every microorganism is enabled to reduce triphenyltetrazolium chloride to triphenyl
formazan. The photometric measurement of the latter at A = 485 nm, however, may be inter-
fered by colored excrement or manure extracts.

According to the OECD Guideline 311 [31], the fermentation of test substances, e.g., so-

dium benzoate, can be studied. Those tests, however, take a 4-week period.
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Table 1: Dilution factors for the BOD5s determination in excrement and manure samples

Sample dilution factor
bovine matrix, > 15 % ds 1:4000
bovine matrix, < 15% ds 1:2000
pig matrix, > 10 % ds 1:4000
pig matrix, < 10% ds 1:2000

The sample solutions are filled in airtight bottles (Karlsruher bottles) and incubated at
20+ 1 °C in the dark for 5 d. The BODs is calculated from the difference between the

initial and final dissolved oxygen content, allowing for blank value:

V.-V V
BOD5=[(C1—C2)— tV e‘(C?,_C4)]V_t

t

C,: dissolved oxygen concentration in the sample solution at time zero [mg kg™
C, : dissolved oxygen concentration in the sample solution after five days [mg kg™]
C, : dissolved oxygen concentration in the blank solution at time zero [mg kg™]

C, : dissolved oxygen concentration in the blank solution after five days [mg kg™]
V, : total volume [mL]

V, : sample volume [mL]

e

Results less than 1 g kg™ of oxygen are reported with two significant figures. Results
between 1 g kg and 10 g kg™ are reported to one significant figure. Results > 10 g kg™

are reported without decimal places.
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PART Il: ANAEROBIC DEGRADATION TESTS OF VMP IN REFERENCE MA-
NURES

Equipment, instruments and chemicals

34. For degradation tests of VMP in manure, the application of "*C-labeled test sub-
stances is strongly recommended to set up mass balances differentiating between
mineralization and the formation of extractable and non-extractable residues. For this
purpose, suitable laboratory-test systems are to be used. Particularly considering that
these degradation tests are to be performed under anaerobic conditions, typical for
manure storage in tanks, a closed batch apparatus allowing for a discontinuous gas
exchange can be used. Advantages are little required laboratory space, possible use of
commercially available incubators instead of climatic chambers as well as effortless
and cost-extensive handling. This batch apparatus shown in Figure 1A (see Annex C),
traces back to the biometer-type flask already mentioned in the OECD Guideline 304
[32] that has been slightly modified by the installation of an internal "*C-carbon dioxide
trap and additionally equipped with an external stripping device (Figure 1B; see Annex
C). The latter allows for the gas analysis of the incubation flask’s headspace to check

for the release of "C-methane and volatile metabolites.

35. Alternatively, the flow-through system mentioned in the OECD Guideline 307 [1]
(Figure 2; see Annex C) can be used. Here, nitrogen is to be used as stripping gas
introduced in stop-flow mode only because there is not any necessity for a continuous

gas exchange in the degradation tests of VMP in manures under anaerobic conditions.

36. For additional measurements, e.g., pH, redox potential, biological oxygen demand
etc. parallel batch tests with non-labeled test substances are to be conducted. Here,
the biological oxygen demand or alternative methods are important to check the micro-
bial activity of manure under test conditions (see paragraph 33). This approach addi-
tionally facilitates to determine biological effects of the applied test substance and the

used solvent on the manure inherent microorganisms.

37. For the analytical procedures standard laboratory equipment is required and espe-

cially the following:
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— Sample preparation: Extractor, rotary evaporator, clean-up apparatus, e.g., solid
phase extractor, gel permeation chromatograph.

— Radiotracer analysis: Liquid scintillation counter, radio-thin layer chromatograph or
radio-high performance liquid chromatograph, oxidizer.

— Residue analysis: Gas chromatograph or high performance liquid chromato-
graph, mass spectrometer, nuclear magnetic resonance

spectrometer.

38. All used chemicals (e.g. NaOH, H,SO,, etc.) and organic solvents (e.g. ethylene
glycol, acetone, methanol etc.) should be of analytical grade. For radiotracer analysis

scintillation cocktails are necessary.

Test conditions

39. The dry substance contents of bovine and pig manures of 10 % and 5 %, respec-
tively, are adjusted by the addition of tap water to the corresponding excrement sam-
ples (see paragraph 12). These dry substance contents correspond to the average
values given for Germany that ranged between 0.9 and 12 % [34-38] and should be
used by default. In order to additionally study the effect of the dry substance content on
the degradation of VMP in manure, different dry substance contents (e.g., 2.5, 5 and 10

%) can be facultatively tested.

40. Anaerobic conditions are to be ensured permanently. In the closed laboratory-
batch system, nitrogen is rinsed directly after the test-substance application and di-
rectly before incubation for at least 5 min. This procedure is to be repeated for every
gas exchange (for trapping of stripping gases see paragraph 47). Using the flow-
through system, nitrogen is discontinuously introduced in stop-flow mode to maintain

anaerobic conditions.

41. The temperature is to be maintained constant at 20 + 1 °C to study the degrada-
tion of VMP in manure under standard laboratory conditions. Since the temperature in
manure tanks is dependent on ambient conditions, degradation tests of VMP in manure

can be carried out at lower temperature, too (e.g. 10 °C, 5 °C).
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42. The duration of the degradation tests should be accounted for approximately 180 d

to simulate the long-term manure storage of 6 months [39].

Test substance application

43. For addition to manure and distribution in manure, the test substance can be dis-
solved in water (deionized or distilled) or, when necessary, in minimum amounts of
organic solvents (e.g. acetone, acetonitrile, methanol, etc.) in which the test substance
is sufficiently soluble and stable. However, the amount of the selected solvent should
not have a relevant effect on manure inherent microorganisms. In order to ensure an
even active substance distribution in the samples, the solvent volume should be 40 to
75 UL per sample [1].

The use of solvents which inhibit microbial activity, such as dimethyl sulfoxide, chloro-
form, dichloromethane and other halogenated solvents, should be avoided. If this is not
possible, the test substance can also be added as a solid, e.g. mixed in quartz sand. If
the test substance is added using a solvent, the solvent should be allowed to evaporate

before the spiked carrier is added to the sample [1].

44. For the adjustment of the applied amounts of manure and radiotracer, the sub-
stance specific exposure assessment as well as the analytical feasibility mainly defined
by the specific radioactivity of the radiotracer under study is to be taken into special
account. The applied concentration should be based on the substance specific expo-
sure assessment of the VMP under study [40]. If the corresponding detection limit is

not achievable, the concentration may be enlarged up to a factor of 10.

Performance of the degradation tests in manure

45. About 50 to 100 g manure (fresh weight basis) are placed into each incubation
flask of the laboratory-test systems illustrated in Figure 1 or 2 (see Annex C) and the
test substance is applied as described in paragraph 43. When organic solvents are
used for the application of the test substance, they should be removed from manure by

evaporation. Then the sample is thoroughly mixed by shaking the flask.

46. The duplicate incubation flasks are incubated in the dark at 20 + 1 °C for, e.g., O,
3, 7, 30, 72, 100, 180 d. In parallel, additional flasks with and without spiking of the

non-labeled test substance are also incubated for matrix characterization purposes and
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further tests.

47. In the laboratory-batch system, the headspaces of the incubation flasks are rinsed
by a gentle stream of nitrogen every 7 d during the incubation period. The stripping gas
is passed through 3 external traps filled with 10 mL ethylene glycol, 10 mL sulfuric acid
(0.05 M) and 10 mL scintillation cocktail to trap '“C-methane or related volatiles and
“C-carbon dioxide, respectively. Subsequently, the absorption solution of the internal
"“C-carbon dioxide trap is exchanged and every absorption solution is scintillation
counted. In the flow-through system, the headspace of the incubation flask is ex-
changed every 7 d. Thereafter, the external traps are to be exchanged and analyzed as

described before.

48. Duplicate incubation flasks are removed at the appropriate incubation intervals
(see paragraph 46). The manure samples are to be extracted exhaustively. In prelimi-
nary tests, therefore, the extraction efficiency of solvents of different polarity (sequential
extraction technique) and of different extraction procedures® may be investigated for

every test substance.

49. Non-extractable radioactivity will be quantified by combustion of the already ex-
tracted manure matrix. For homogenization, the extracted manure samples are mixed
with a mixture of sea sand (20 g) and cellulose (5 g), dried in a desiccator and then
thoroughly ground. Finally, aliquots of this mixture are combusted using an oxidizer.
The released "C-carbon dioxide is trapped in a scintillation cocktail and scintillation

counted to quantify amounts of non-extractable residues.

Besides a direct extraction procedure of the manure samples, the liquid phase of the ma-
nure samples can be removed by lyophilization. Alternatively, the extraction procedure may
start by separating liquid and solid phases of the manure samples via centrifugation. The
liquid phases can be directly analyzed for radioactivity amounts by scintillation counting. For
the identification of relevant metabolites, residue analytical methods have to be applied.
Then, the solid manure samples may be treated by means of a sequential extraction tech-

nique.
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PART lll. PREPARATION OF TEST MANURES

50. In order to mimic the VMP entry route in soils already under laboratory conditions,
test manures are prepared [41-44]. For this purpose, 10 to 20 g manure samples (fresh
weight basis; matrix characterized) are placed into each incubation flask (see Figure 1
or 2; Annex C) and spiked with the test substance (see paragraphs 43). In accordance
to the degradation tests in manure (see paragraphs 34 ff), the incubation flasks are

incubated under anaerobic conditions for 7 d.

51. Parallel batch tests are to be prepared and treated as described in paragraph 50.
By setting up mass balances and screening the extracts of the manure samples, the
amounts of the parent compound initially applied and metabolites as well as non-
extractable residues formed are to be determined. Thus, the concentrations of residues
are to be quantified for the following laboratory tests on degradation and sorption in

manured soils.
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PART IV. AEROBIC DEGRADATION TESTS OF VMP IN MANURED SOILS

52. The aerobic degradation tests of VMP in manured soils are carried out in accor-
dance to the principles of the OECD Guideline 307 [1]. Differences concern only the
application of the test substance via test-manure application. Thereafter, the degrada-
tion tests follow the OECD Guideline 307 [1].

INFORMATION ON THE SOILS

Soil selection

53. For determining the degradation and sorption of VMP in manured soils, 3 different
soils should be used representing a relevant range of agriculturally used soils. These
soils should vary in their organic carbon content, pH, clay content and microbial bio-
mass. The soils should be characterized, at least, for texture (% sand, % silt, % clay),
according to FAO or USDA classification, pH, cation exchange capacity, organic car-
bon, bulk density, water holding capacity and microbial biomass. Additional information
on soil properties may be useful in interpreting the results. For determination of the soll
characteristics, the methods recommended in the OECD Guideline 307 [1] can be
used. Microbial biomass should be determined by using the substrate-induced respira-
tion (SIR) method [18,19] or alternative methods [20].

Sampling, handling and storage of soils

54. Detailed information on the history of the field site from where the test soil is sam-
pled should be available. Details include location, vegetation cover, treatments with
chemicals, treatments with organic and inorganic fertilizers, additions of biological ma-
terials or other contamination. Soils treated with the test substance or its structural ana-

logues within the previous 4 years should not be used for degradation studies.

55. The soil should be freshly sampled from the field (from the A horizon or top 20-cm
layer) with a soil water content which facilitates sieving. The soil should be processed
as soon as possible after sampling. Vegetation, larger soil fauna and stones should be
removed prior to passing the soil through a 2 mm sieve. Extensive drying and crushing

of the soil before sieving should be avoided.
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56. Studies with soils freshly sampled from the field are strongly preferred but, if the
sampled and processed soil has to be stored prior to the start of the study, storage
conditions must be adequate and for a limited time only (4 + 2 °C for a maximum of 3
months or -20 °C for longer periods) to maintain microbial activity. Before the stored
soil is used for these tests, it should be pre-incubated to allow germination and removal
of seeds, and to re-establish equilibrium of microbial metabolism following the change
from sampling or storage conditions to incubation conditions. A pre-incubation period
between 2 and 28 d, approximating the temperature and moisture conditions of the
actual test, is generally adequate. Before analytical processing, soil samples are to be
principally controlled for microbial activity by tests mentioned before (see soil selection

chapter, paragraph 53).

TEST MANURE APPLICATION TO SOIL

57. Matrix characterized soil samples (25 to 100 g; OECD 307 [1]) are to be added
directly into the incubation flasks in that test-manure samples has been prepared (see
paragraph 50). This is done to avoid losses of the radioactivity initially applied, i.e.,
parent compound and formed metabolites and non-extractable residues. Those losses
would inevitably occur when test-manure samples are transferred into flasks containing
soil samples. The manure amounts were calculated on the following parameters: 170
kg N ha™, 5g N kg™ manure, 1500 kg soil m™ and 0.05 m soil depth. The manure/soil
ratio should not exceed 1:5 that corresponds with fourfold of the maximum manure
amount accepted by the German Ordinance Concerning Fertilizers [39]. The concen-
tration of the test substance should reflect its exposure assessment as closely as pos-
sible [40]. If this concentration is not high enough to identify major degradation prod-
ucts, the application of test manures containing higher concentrations may be helpful.
However, excessive amounts influencing manure or soil microbial functions should be
avoided. Soil and manure samples are to be mixed thoroughly. Thereafter, aerobic
degradation tests follow the OECD guideline 307 [1].
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PART V. SORPTION TESTS OF VMP IN MANURED SOILS

58. The adsorption/desorption tests of VMP in manured soils are carried out in accor-
dance to the principles of the OECD Guideline 106 [2]. Detailed information and refer-
ences about soil selection, sampling, handling and storage are given there. Differences
concern only the application of the test substance via test-manure application. Thereaf-
ter, sorption tests follow the OECD Guideline 106 [2].

DATA AND REPORTING

Treatment of results

59. The amounts of test substance, degradation products, gaseous and volatile sub-
stances and non-extractable residues in manure and manured soil samples should be
given as % of the initially applied radioactivity and, where appropriate, as ug kg'1 ma-
nure (based on manure fresh weight) and pg kg™ soil (based on soil dry weight), re-
spectively, for each incubation interval. A mass balance should be set up, too. A
graphical presentation of the test substance concentrations against time will allow an
estimation of its degradation half-life or DTso. If possible, metabolites should be identi-
fied and their concentrations should also be plotted against time to show their rates of
formation and decline. A major degradation product is any product representing > 10 %
of applied dose at any time during the study.

For C-labeled test substances, the mass balance should be differentiated between
the formation of carbon dioxide or methane and if it is existent the formation of volatile

compounds as well as the formation of extractable and non-extractable residues.

TEST REPORT

60. The report must include:

Test substance:
- common name, chemical name, CAS number, structural formula (indicating posi-

tion of label when radiolabeled material is used) and relevant physical-chemical
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properties,
- purity (impurities) of test substance,

- radiochemical purity of labeled chemical and specific activity (where appropriate).

Excrements and manures:

- location of excrement sampling,

- age, number, race of animals under investigation,
- feeding conditions,

- date of sampling,

- length of the excrement preconditioning period,

- length of excrement or manure storage and storage conditions (if stored).

Test soils:

- details of sampling site,

- date and procedure of soil sampling,

- properties of soils, such as pH, organic carbon content, texture (% sand, % silt,
% clay), cation exchange capacity, bulk density, water retention characteristic
and microbial biomass,

- length of soil storage and storage conditions (if stored),

- manured soil moisture content during incubation,

- pH, oxygen content and redox potential initially, during and at the end of the

aerobic studies in manured soil.

Test conditions:

- dates of the performance of the studies,

- amount of test substance applied,

- solvents used and method of application for the test substance,

-weight of manure and manured soil, respectively, treated initially and at each
incubation interval for analysis,

- description of the incubation system used,

- air flow rates (for flow-through systems only),

- temperature of experimental set-up,

- method(s) of extraction,

- methods for identification and quantification of the test substance and metabo-
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lites in manure and manured soils and absorption materials,

- number of replicates and number of controls.

Results of excrement and manure characterization:

-dry substance content, mineral content, total phosphorus, total organic carbon
content, pH, redox potential, dissolved oxygen concentration, ammonium content,
total nitrogen content, biochemical oxygen demand after 5 d, should be deter-
mined at least initially and at the end of the degradation tests. If possible, every

parameter should be given for each incubation interval.

Results of degradation experiments:

- repeatability and sensitivity of the analytical methods used,

- rates of recovery that should range between 90-110 % (see paragraph 21),

- tables of results expressed as % of applied initial dose and, if appropriate, as
mg kg™ manure (on a fresh weight basis) and manured soils (on a dry weight ba-
sis),

- mass balances during and at the end of the studies,

- characterization of non-extractable radioactivity or residues in manure and ma-
nured soils,

- quantification of released "CO,, "*CH, and related volatiles,

- plots of the concentrations for the test substance and, where appropriate, for
major degradation products in manure versus time,

- half-life or DTso (DTgo, if possible) for the test substance and, where appropriate,
for major degradation products including confidence limits,

- discussion and interpretation of results.

Interpretation and evaluation of results
Although the studies are carried out in an artificial laboratory system, the results will
allow estimation of the degradation of VMP in manure and degradation and sorption of

VMP in manured soils under field conditions [1].
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Annex A

Definitions

Excrements are complex and heterogeneous mixtures of urine and feces of cattle and
pigs.

Extractable residues (ER) represent compounds occurring in the organic solvent as
parent compound or metabolite.

Disappearance Time 50 (DTso) is the time within which the concentration of the test
substance is reduced by 50 %.

Disappearance Time 90 (DTgo) is the time within which the concentration of the test
substance is reduced by 90 %.

Matrix characterization. Excrement and manure samples are characterized by nu-
merous parameters, i.e. dry substance, copper, total phosphorus, mineral content, total
organic carbon, pH, redox potential, dissolved oxygen, ammonium nitrogen, total nitro-
gen, biological and chemical oxygen demand.

Mineralization (MIN) is the degradation of the veterinary medicinal products to CO,
and H,O under aerobic conditions. In the context of this technical protocol, mineraliza-
tion means degradation during which a labeled carbon atom is oxidized resulting in the
release of CO,. Under strictly methanogenic conditions, *CH, may be released, too.
Metabolites are substances resulting from the degradation of the test substance that
are occurring in the extractable fraction.

Non-extractable residues (NER) represent compounds that are retained in the matri-
ces of manure or manured soils as parent compound or corresponding degradation
products after the extraction procedure. That method must not substantially change the
compounds themselves or the structure of the matrix.

Soil is a mixture of mineral and organic constituents, the latter containing compounds
of high carbon and nitrogen content. Microbially active soil is animated by small (mostly
micro-) organisms. In the context of this guideline, soil means samples taken from ar-
able or grassland, sieved <2 mm.

Standard application. The manure or soil sample under study is directly fortified with
the test substance dissolved in an appropriate solvent (i.e. water or an organic solvent

non-effective on the manure or soil inherent microorganisms).
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Radiotracers denote "C-labeled test substances. Their application facilitates the set-
up of mass balances considering the mineralization (MIN) and the formation of extract-
able (ER) and non-extractable residues (NER).

Reference manures are excrement samples to that water is added to adjust defined
dry substance contents typical for bovine or pig manures.

Test substance is any substance that is applied in the laboratory test system.
Test-manure Manure samples are fortified with the test substance dissolved in an ap-
propriate solvent (i.e. water or an organic solvent non-effective on the manure inherent
microorganisms) and incubated to simulate aging processes of the test substance dur-
ing the storage of manure.

Degradation product is every substance resulting from biotic or abiotic degradation of
the test substance occurring in the extractable or non-extractable fractions or in the gas

phase (CO,, CH, or related volatiles).

139



Annex B

Methods of the matrix characterization of excrement and manure samples

oxygen demand
(BOD:s)

Parameter Reference Equipment

Dry substance (ds) [21] Ultra-X infra-red heater, (Gronert, Germany),
or a drying oven

Mineral content [22] Muffel furnace (Haereus, Germany)

(Rmin)

Phosphate content [23] Laboratory Microwave Equipment (Start sys-

P) tem with Terminal 320, MLS, MWS-Vertrieb
GmbH, Leutkirch, Germany)
ICP-OES system (Vista-MPX CCD simultane
ICP-OES, Varian, Palo Altra, CA, USA)

Total organic carbon [24] C-Analyser Dohrmann DC-90 (Dohrmann,

(TOC) Santa Clara, CA, USA)

pH value [25] pH Multical 535 GLP with pH-glass electrode
SenTix 61 (WTW Weilheim, Germany)

Redox potential (Eh) [26] pH Multical 535 GLP 8, (WTW Weilheim,
Germany) with redox-electrode (Inolab Redox
Einstabmesskette, Mettler Toledo, Giessen,
Germany)

Dissolved [27] Oxi 340i with OxiCell 325 oxygen-electrode

oxygen (O,) (Fa. WTW, Weilheim, Germany)

Ammonium [28] Distillation Unit 323 (Buchi Labortechnik

nitrogen (NH;-N) GmbH, Essen, Germany)

Total nitrogen [29] Digestion Unit 430 and Distillation Unit 323

(Ntotar) (Biichi Labortechnik GmbH, Essen, Germany)

Biological [30] Oxi 340i with OxiCell 325 oxygen-electrode

(Fa. WTW, Weilheim, Germany), Karlsruher
bottles, 250 mL (Schott, Mainz, Germany)
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Annex C

Laboratory-test systems

H,— —

1: inlet valve, 2: outlet valve with activated charcoal filter, 3: internal *C-carbon
dioxide trap, 4: manure or manured soils sample, 5: external trap for 'C-
methane with ethylene glycol (10 mL), 6: external trap with sulfuric acid (10 mL,
0.05 M), 7: external "C-carbon dioxide trap with scintillation cocktail (10 mL)

Figure 1: Laboratory-batch system for degradation tests of **C-labeled VMP in
manure and degradation tests in manured soils without (A) and with

additional stripping device (B) [4, modified in accordance to 30]

141



3
1: flow meter, 2: gas moistening flask, 3: incubation flask with the manure sample, 4:

ethylene glycol trap (30 mL), 5: sulfuric acid trap (30 mL, 0.05 M), 6, 7: potassium hy-
droxide solution traps (30 mL, 2 M), 8: bubble meter

Figure 2: Flow-through system for degradation tests of *C-labeled VMP in ma-

nure and degradation tests in manured soils [1]

i

1: glass wool, 2: soda-lime trap (15 g), 3: oil treated glass wool, 4: soil sample

Figure 3: Biometric flask with soda-lime trap for degradation tests in manured

soils [1]
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