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ABSTRACT

The use of swine sturry as fertilizer in agriculture is a common practice in areas where thematerialis available. However, the presence of chemicals known
as emerging organic pollutants in these wastes can contaminatewater bodses through runoff or leaching. In this work,we evaluate the occurrence of antini-
crobials and hormones in soil profile in an experimental agricnltural area by applying different doses of swine slurry. The work was performed in the twelfth
year of an experiment involving two annnal applications of swine slurry in an oxisol at doses of 0, 50, 100, and 200 n’’ba’ and a control, to restore the
amounts of P and K exported by grain crops. Soil solution samples were collected using suction lysimeters installed in soil layers at average depths of 20, 40,
and 80 cm to determine the concentrations of antibiotics and hormones over a period of 60 days. The concentrations were measured by high-efficiency liquid
chromatography. The results showed the occurrence of sulfadimidine antimicrobials, chlortetracycline, oxytetracycline, doxycycline, and the hormones estrone,
17-estradiol, and 17 a-ethinylestradiolat depths of up to 80 cm during the collection period. The concentrations of antimicrobials and hormones in the soil
solutions varied over the sampling period and were not affected by the doses of swine slurry applied. An analysis of the concentrations observed in different
layers showed that the application of swine slurry in an oxisolcan potentially cause groundwater contamination.

Keywords: Agricultural waste. Emerging organic pollutants. Pollutant transport

RESUMO

A utilizagio de dejeto liquido de suinos como fertilizantes na agricultura é uma pritica comum nas regives onde hi disponibilidade desse material. Contudo,
a presenga de substincias quimicas, conbecidas como poluentes orginicos emergentes, nesses dejetos, pode cansar a contaminagdo de corpos de dgua por meio
do escoamento superficial ¢, on, lixiviagdo. Este trabalbo teve por objetivo avaliar a ocorréncia de antimicrobianos e horminios no perfil do solo em nma drea
agricola excperimental com aplicacao de diferentes doses de dejeto liguido de suinos. O trabalbo foi realizado no décimo segundo ano de condugao de nm expe-
rimento com duas aplicagoes annais de dejeto lignido de sutnos em Latossolo Vermelbo distrifico, nas doses de 0, 50, 100 ¢ 200 n7’ ha'e uma testemunba,
com reposigao das quantidades de P e K exportados pelos graos das culturas. Amostras de solucao do solo foram coletadas com o uso de lisimetros de sucedo
instalados nas camadas de 20, 40 ¢ 80 cm de profundidade, sendo determinadas as concentracies de antimicrobianos e hormonios durante um periodo de
60 dias. As concentragoes foram determinadas em cromatografia liguida de alta eficiéncia. Os resultados demonstraram a ocorréncia dos antimicrobianos
sulfadimidina, clortetraciclina, oxitetraciclina e doxiciclina e dos hormonios estrona, 17 f-estradiol e 17 a-etinilestradiol até 80 cm de profundidade, durante
0 periodo de coleta. As concentragoes de antimicrobianos e hormonios na solugdo do solo variam ao longo do tempo de amostragem e nao foram afetadas pelas
doses de dejeto liguido de suino aplicadas. As concentragies observadas nas diferentes camadas analisadas mostram que a aplicacao de dejetos liquidos de
suinos em Latossolo Vermelho distrifico apresenta potencial de contaminagao das dguas subterrineas.

Palavras Chave: Residnos agropecudrios. Poluentes organicos emergentes. Transporte de poluentes
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INTRODUCTION

Waste from agricultural activities can potentially cause
environmental degradation, especially with regard to water
resources (BURKHOLDER et al., 2007). In this scenario, the
use of swineslurry stands out as a potentially polluting activity
given that its inception in a confinement system led to increased
availability of manure on swine farms (BOXALL et al., 2003).

Contaminants found in animal waste, such as drugs
used for therapeutic purposes and prevention (WATANABE
etal., 2010; DUTTA et al., 2012), a common practice to ensure
the productivity and competitiveness of the swine sector, can
enter the environment. Of the drugs used, antimicrobial agents
and hormones are among the most widely prescribed classes
(THIELE-BRUHN, 2003). Veterinary antimicrobials are used
in swine to prevent and control diseases, and promote animal
growth (GUARDABASSI et al., 2010). Hormones responsible
for endocrine regulation in the animal body may be produced
naturally by the individual (178-estradiol and estrone) or be fed
externally (17a-ethinylestradiol) (LINTELMANN et al., 2003).

Many of the applied pharmaceutical compounds are
not fully metabolized in the animal body and are excreted in
urine and faeces either in the original form or as partially me-
tabolized forms (SARMAH et al., 2006; CASEY et al., 2003).
The application of animal manure to soil for nutrient supply to
aculture is one of the major pathways for the dispersal ofthese
compounds in the environment (JACOBSEN et al., 2004). Once
in the environment, antimicrobial residues may accumulate in the
soil,be leached, or even be transported to water bodies through
runoff (BURKHOLDER et al., 2007).

The fate and environmental behaviour of the aforemen-
tioned compounds are influenced by many factors (KEMPER,
2008)including the physicochemical properties of the molecule,
its rate of decomposition, photo-stability, surface adsorption
in minerals, ion exchange, and sorption by organic material
(DIAZ-CRUZ et al., 2003), as well as prevailing environmental
and management conditions (KEMPER, 2008). When these
compounds are released into the soil, sorption processes, deg-
radation, and transport (leaching or runoff) primarily govern
their fate in the environment (SARMAH et al., 2000).

According to Casey et al. (2003), it is essential to under-
stand the processes of transformation and transport of drugs
in the environmentand assess theireffects on soil, surface watert,
and groundwater. The antimicrobials present in the environment
can negatively affect aquatic and terrestrial organisms (KEM-
PER, 2008), bio-accumulate in plants (BOXALL et al., 2002a)
and animals (KINNEY et al., 2008), and possiblyinfluence (in-

crease) the resistance of microorganisms to antimicrobial agents
(CHANDER et al., 2005). The importance of hormones lies in
their potential to adversely affect the reproductive systems of
aquatic organisms (BILA; DEZOTTI, 2007). Furthermore, the
presence of residual drugs in water can damage the endocrine
organs, altering their function and metabolism, as observed by
Seki et al. (2002).

A few researchers have analyzed the transport of
veterinary medicinal products in the environment (LUO et al,,
2011; KAY et al.,, 2005; BLACKWELL et al., 2007). However,
in Brazil, this information is still scarce. Therefore, it is difficult
to assess the risk that these substances pose when released in
terrestrial and aquatic environments (KAY et al., 2005), as well
as when applied to clay soils through swine slurry (BOXALL et
al.,, 2002b); preferential flow has been identified as an extremely
important mechanism of water pollution in these soils (KAY
et al,, 2004). Soils to which manure is applied are characterized
by high levels of ammonia, which increases soil pH and alters
the speciation of veterinary medicinal products, thus affecting
their adsorption (BOXALL et al., 2002a).

In this sense, in the present study,we aimed to evalu-
ate the occurrence of antimicrobial molecules and veterinary
hormones in the profile of an Oxisol subjected to application
of swine slurry in different doses.

MATERIALS AND METHODS
Study area and treatments

The study was developed in experimental plots esta-
blished 11 years ago in an agricultural area in Campos Novos,
a municipality in the midwest of the state of Santa Catarina,
located at latitude 27° 22°59”’S, longitude 51° 15’ 33”W, and 896
meters above sea level. The soil in the plots is of the Haplou-
dox class, clayey, deep (greater than 2.0 m deep), low slope and
high water storage capacity, and developed from the saprolite
of the eruptive rocks in the Serra Geral formation (riodacit)
group, Sio Bento, with primarily subtropical savanna vegeta-
tion (EMBRAPA, 2004). The climate in the region is humid
subtropical with mild summers or of the Cfb type according
to the Képpen classification (PANDOLFO et al., 2002). The
physical and chemical attributes of the soil samples collected
from different layers in these plots are summarized in Table 1.
The soil was characterized physically using the methodologies
described by Veiga (2011). For chemical characterization, we
employed the methodologies described by Tedesco et al. (1995).

Table 1 - Physical and chemical attributes of oxisol after 12 years of application of liquid swine slurry.

Physical attributes

Chemical attributes

Layer Sand Silt Clay SHC TP MA Layer pH CEC OM
cm i 0 i — cmh! m3 m3-—-- cm cmol dm-3 %
0-5 28 350 622 96.3 0.58 0.18 20 4.5 8.0 5.0
5-10 19 316 666 26.7 0.58 0.16 40 4.6 4.5 4.0

12-17 20 333 648 10.6 0.61 0.12 80 4.7 4.0 3.5

CHS — saturated soil hydraulic conductivity; PT - total porosity; MA: macropores; CEC - cation exchange capacity; MO: organic matter
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The treatments consistedof application of semi doses
(half in the fall and half in the spring) of 50, 100, and 200
m’ha'lyr!of swine slurry (PS50, PS100, and PS200, respectively)
and of a witness, in which the amounts of P and K exported
through the grain harvested in each plot were applied, using
as sources, respectively, triple superphosphate and potassium
chloride, the doses of which were variedaccording to the type
of crop cultivated. The experimentswere of the randomized
complete block type with three replications in plots of 5 X 6 m
in a three-year crop rotation system in the following sequence:
1) black oat (Avenastrigosal..) + vetch (Viciasativa 1..) in autumn/
winter and maize (Zea mays L.) in the spring/summer; 2) oats in
the fall/winter and soybean (Glyine max) in the spring/summer;
and 3) oats in the autumn/winter and beans (Phaseolus vulgaris
L.) in the spring/summer.

In the year of soil sampling for this study, the PS
used was taken from an anaerobic lagoonin a swine finishing
farm in the municipality of Campos Novos and applied on 06
December 2011with the help of watering cans;the distribution
mechanism was adapted to ensure homogeneous distribution of
the material in each plot. P and K were reset in one stepby using

Oxisol with application of swine slurry

simple superphosphate and potassium chloride, respectively, as
sources before sowing the subsequent summer crop. Common
bean was sown throughout the area on stubble of black oat
crop, 10 days after the application of PS.

Soil solution sampling

Soil solutionswere sampled using suction lysimeters
(HANNA, 2011), which allow the extraction solution to be re-
tained in the porous soil matrix. In each plot, we installed three
lysimeters with porous capsules positioned in layers at average
depths of 20, 40, and 80 cm. The lysimeters were installed six
months before the start of collection, about 100 cm from the
end of the lower topographic height, with a distance of 10 cm
between them.

Soil solutionswere sampled between November 2011 and
February 2012, with the first sample being taken 15 days before
the application of PS to evaluate the occurrence of residues
from previous application (long term).The other samples were

Table 2 - Physicochemical properties of studied antimicrobials

Substances W, Log Kd pKa ), References
(mg L' a 20 °C) d
Chlortetracycline Anderson et al. (2005);
600 5706 33-93 79 Jacobsen;
Halling-Sorensen (2000).
Anderson et al. (2005);
bsen;
ne ne 30-95 533  Jacobsen
Halling-Sorensen (2000);
Walters et al. (2010).
Oxytetracycline Anderson et al. (2005);
H,C CH,
e onOH NN Jacobsen;
1000 417-1026 33-89 578 .
O‘@‘ Halling-Sorensen (2000);
Pan et al. (2009).
Toltrazuril
Insoluble n.f. 6.47 n.f. Bilandzick et al., 2012.
T Ol
ohyho
Sulfadimidine Pan et al. (2009);
H,C i >
N/i 1500 2.4-42 7.4 0.3247.6 Aust et al. (2010);
o i B 1. (2011
HN 4@787NH/J\N/ CH, aran et al. ( ).
o
Tetracy cline Anderjon ebt al. (2005);
e acobsen;
Ho_ oty 1700 1140 33-9.6 578 Halling-Sorensen (2006);

Pan et al. (2009);
Walters et al. (2010).

W : water solubility;Log Kd:Partition coefficient of soil/water; p Kaacid ionization; t  :half-life;n.f.:not found.
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Table 3 - Physicochemical properties of studied hormones

Substances W, Log Kd pKa t, References
(mg L' a 20°C) @
B
strone Ying et al. (2002);
Chen et al. (2009);
12.4 2.44-2.72 10.3-10.8 2a3
Combalbert;
Raquet Herandez(2010).
178- iol
Frestradio Ying et al. (2002);
CH, OH
i Pan et al. (2009);
0’ 13.3 2.68-2.83 10,5-10.7 0.229.0

- Chen et al. (2009);

HO 0 Combalbert;

Raquet Herandez(2010).
17a-ethinylestradiol
OH

M/CH Ying et al. (2002);
4.8 2.65-2.86 10.4-10.7 426 Pan et al. (2009);

Combalbert;RaquetHerandez,
2010.

W : water solubility; Log Kd:Partition coefficient of soil/water; p Ka: acid ionization; t,: half-life time.

collected 1, 3, 7, 15, 30, and 60 days after the application of
PS for evaluating the occurrence of antimicrobial residues and
hormones in the short and medium terms. The samples were
stored in 300 mL polyethylene bottles, packed in boxes with
thermal insulation, kept in refrigerator at 3° C, and transported
to a laboratory, where they were analyzed immediately.

Antimicrobial and hormone analysis

We determined the concentrations of the hormones
estrone, 178-estradiol, and 17a-ethinylestradiol, and those of
the antibiotics chlortetracycline, doxycycline, oxytetracycline,
tetracycline, sulfadimidine, and toltrazuril, all of which are
most widely used in the swine farm from where the PS was
collected. The main physicochemical properties of the studied
antimicrobials and hormones are summarized in Tables 2 and
3, respectively. The samples were analyzed by the direct method
and quantified using high-performance liquid chromatography
(Dionex®, model Ultimate 3000), coupled with Diode Array
detector and Acclain 120A C18 column (5um, 4.6 X 150 mm);
Chromaleon® software version 6.80 was used for interpreting
the obtained chromatograms. The limit of quantification was
determined by the standard deviation of the calibration curve
multiplied by 10, and the limit of detection was calculated as
the slope of the calibration curve multiplied by 3.14, as recom-
mended by Kowalski et al. (2003).

Reagents

For chromatographic analysis of the samples, we use

dacetonitrile (UV-IR-HPLC-isocratic, Panreac) and phosphoric
acid (H,PO,) (P.A, Dynamic). Patterns of 17-a-etinil17(3-estra-
diol (98%), chlortetracycline (87%), doxycycline (98%), estrone
(99%), 17B-estradiol (98%), oxytetracycline (99%), sulfadimi-
dine (99%), tetracycline (88%), toltrazuril (99.7%) supplied by
Sigma-Aldrich® were used. All solutions and standardsolutions
wete prepared with ultrapute water (Direct-Q® 3 UV, Millipore)
characterized by 18.2 MQ of resistivitycm at 25° C.

Chromatographic method for hormones and tol-
trazuril

The hormones and toltrazuril were analyzed using a
method adapted from that of Verbinnen et al. (2010). The me-
thod involves the elution of four molecules using acetonitrile
and water in a 54:46ratio at a flow rate of 1 ml min', analysis
time of 20 min, and wavelengths of 280 nm for the hormones
and 244 nm for toltrazuril.

Chromatographic method for chlortetracycline,
doxycycline, oxytetracycline, and tetracycline

The analyses were performed using the “Tetracyclines
in Pork”method (DIONEX, 2010). The reagents used were
acetonitrile and phosphoric acid (0.15%, pH 2.15). Elution was
started with 10% acetonitrile,90% phosphoric acid, and flow
rate of 1 ml min™ for 3 min, and these values wete increased
subsequently to 45% acetonitrile,55% phosphoric acid, and 1.2
mL flow min" for 14 min. The wavelength for all molecules
was 370 nm.
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Chromatographic method for sulfadimidine

The method presented by Santos et al. (2007) was
employed for the analysis of antibiotics. We tested for sulfadi-
midine using acetonitrile and water in a ratio of 30:70 and flow
rate of 0.250 ml min". The analysis time was 18 min and the
wavelength employed was 270 nm.

Statistical analysis

The results were analyzed statistically using analysis
of variance, complemented by the application of the mean
comparison test (Tukey, P<0.05) when the F test showed sig-
nificance at 95%.

RESULTS AND DISCUSION

Total rainfall during the sampling period (75 days) was
447 mm, and it was distributed relatively well temporally. This
amount was below the climatological average for the region,
which was close to 538 mm in the study period, according to
the National Institute of Meteorology INMET, 2012). The
rainfall, air temperature, dates of PS application, and collection
of solution samples in the lysimeters during the study period are
shown in Figure 1. Three rainfall events occurred in the study
period, and the total precipitation wasaround 50 mm. The first
event occurred when we first performed sampling, the second
before the application of PS, and the third during sampling after
the application of PS. The precipitation in other rainfall events
was considerably lower. Average daily temperatures ranged
between 12.7 and 23.7°C over the study period.

The chromatograms obtained from the analysis of
hormones and antibiotics in the samples show an ordetly pro-
gression from baseline. This is reflected in the coefficients of
determination (R?) of the calibration cutrves obtained using the
respective standards. The linear regression coefficients were

Oxisol with application of swine slurry

greater than 0.9843, the value obtained for toltrazuril. The
calibration curve for 17-a-cetinylestradiol showed the highest
value, with R? = 0.9999.

Table 4 summarizes the amounts of samples analyzed,
number of samples with values above the quantification and
detection limits, no detection, indication features, as well as
the maximum and minimum concentrations determined in
the solutions sampled from the suction lysimeters. The trace
values indicate that was found chromatographic signal, with
the possibility of quantifying the sample usinga more sensitive
analytical process. With the exception of toltrazuril, all subs-
tances were detected in at least one of the samples collectedin
the sampling period (Table 4). The non-detection of toltrazuril
can be attributed to its high stability in soil and low solubility
in water (BILANDZICK et al., 2012).

Wefound concentrations above the limit of quantifi-
cation in 39 samples as follows: estrone (1), 17B-estradiol (6),
17a-ethinylestradiol (1), and sulfadimidine (31).The concen-
trations in another 19 samples were between the detection and
quantification limits as follows: 173-estradiol (4), 17a-etinylestra-
diol (3), sulfadimidine (9), chlortetracycline (1), oxytetracycline
(1), and tetracycline (1).

The concentrations of 17ax-ethinylestradiolin four
samples were detected and quantified in one of them. The hi-
ghest concentration achieved was 68.5 ng L!. Lai et al. (2000)
suggested thatowing to its hydrophobic properties, this hormone
is susceptible to adsorption on organic matter and particles
of swineslurry. Andersen et al. (2005) studied the adsorption
of estrogen during removal processes and estimated that 76%
of the amount of 17x-ethinylestradiol was adsorbed onto the
solid phase. This may explain its low quantification in the soil
solutionsused in this study, which contained large amounts of
organic matter such as clay (Table 1).

Molecules of chlortetracycline, doxycycline, oxyte-
tracycline, tetracycline, estrone, and 173-estradiol were found
in measurable concentrations. Chlortetracycline (2 samples),
oxytetracycline (1), and tetracycline (1) were found in concen-

== Precipitation < Dateof * Sample — Temperature
application of PS collection

60 - - 30

50 - < - 25
—_ =
[1-]
€40 A A /Y-\/\ /\_/\/\/\k 20 3
£ 2
530 - - 158
g 3
520 - - 10 &
[¥) 2]
9 o

& 10 M l] -5

0 Ml TTT |"| T |n| TTTTTTTTTTTT |n| T |n|"| TTTTT |ﬂ| |u| T |n| TTTTT \nl T |n|I]| TTTT |H|I]| |ﬂ| T |ﬂ| |"| TTTTTTT |n|n 0

-15-12-9 -6 -3 0 3 6 9 12 1518 21 24 27 30 33 36 39 42 45 48 51 54 57 60
Time (d)

Figure 1 - Precipitation, temperature, date of application of PS, and sample collection during sampling period.
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Table 4 - Antimicrobial and hormones in solution samples collected in suction lysimeters

Substances LD LQ Samples ALQ ALD ND  Cmax Cmin
----ng L-'---- n° n° n° e ng L-'----
Estrone 36.5 121.7 200 1 0 198 137.3 137.3*
178-estradiol 28.4 94.8 200 6 4 184 429.5 117.7
17a-ethinylestradiol 18.4 61.2 199 1 4 193 68.5 59.9
Toltrazuril 8.7 28.9 201 0 0 201
Sulfadimidine 9.7 32.2 199 31 10 153 813.4 41.6
Chlortetracycline 3.3 11.1 200 0 1 200
Doxicycline 5.9 19.9 200 0 0 200
Oxitetracycline 1.8 6.1 198 0 1 190
Tetracycline 1.8 6.1 200 0 2 366

*: drug found in only a determination; LD - limit of detection; LQ - limit of quantification; ALQ - number of samples above limit of quantification; ALD - number

of samples above detection limit; ND - not detected;Cmax - maximum concentration;Cmin - minimum concentration

trations above the limit of detection. Doxicycline was highly
adsorbed onto the soils with high organic matter content (BO-
XALL et al., 2002a), which was proven by the high value of the
coefficient kdof the linear isotherm (THIELE-BRUHN, 2003).
This explainswhy it was detected in a large number of samples
(200). Low concentrations of chlortetracycline werealso found
by Hamscher et al. (2002) and Li et al. (2011),who studied the
occurrence of this molecule in agricultural areas with applica-
tion of PS. The low concentrations can be explained by the fact
that chlortetracycline interactsstrongly with clay minerals (GU
et al., 2007) and soil organic matter (KULSHRESTHA et al.,
2004). Low concentrations of oxytetracycline, too, were found
by Hamscher et al. (2002) and Wu et al. (2011).

A likely explanation for the low concentrations found
in the Haploudox might be the degradation of oxytetracycline
in anaerobic lagoons because during the PS maturation period,
the degradation of oxytetracycline can reach 94%, causing the
waste, when applied in the field as fertilizer, to not show more

of this substance in quantifiable levels. This degradation occurs
due to microorganisms (WU et al., 2011) and abiotic factors such
as pH, temperature, and solar radiation (HALLING-SOREN-
SEN et al., 2002). Tetracyclinesare strongly connected to the
organic matter present in soil (HAMSCHER et al., 2002), which
is based on their ability to form complexes with cations such
as calcium, which are found in the soil at high concentrations
(CHRISTIAN et al. 2003). This explains the low occurrence of
tetracyclines in the current study and in other similar studies
of soils fertilized with swineslurry (WATANABE et al., 2010).

Estrone is highly absorbed in soil with high organic
matter content (LAT et al., 2000). According to Casey et al.
(2003), the probability of estrone adsorption in soil is high,
especially when the organic matter content in the soil is high,
such as in this Haploudox (Table 1), as well as the iron oxide
content, which can result in the formation of bound residues
(LAT et al., 2000), justifying the large number of samples (200)
in which estrone was detected.

1000 -
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Legend: 0: reposition of phosphorus and potassium. 50, 100, and 200: doses, respectively, of 50, 100, and 200 m3 h'! y'of swine slurry.

Figure 2 - Average sulfadimidine concentrations (ng L -1, logarithmic scale) with values above detection limit, determined in solution

collected in suction lysimeters

396

DOI: http://dx.doi.org/10.21168/rbrh.v21n2.p391-400



Oliveira et al.:Occurrence and mobility of antimicrobials and hormones in

Oxisol with application of swine slurry

Table 5 - Maximum concentrations of antibiotics and hormones at different soil depths after application of swine slurry

Maximum Substances
depth E1 E2 EE2 TTL SMD CTC Doxi Oxi  Tetra
ng L1
20 cm 0.0 429.5 0.0 0.0 689.4 0.0 0.0 0.0 0.0
40 cm 0.0 127.6 48.1 0.0 550.7 0.0 0.0 0.0 0.0
80 cm 137.3 133.5 68.5 0.0 813.4 0.0 0.0 0.0 0.0

El: estrone, E2: 17 B-estradiol, EE2: 17-a-etinilestradiol, TTL: toltrazuril, SMD: sulfadimidine, CTC: clortetracycline, Doxi:doxicycline, Oxi:

oxitetracycline, Tetra:tetracycline

A likely explanation for the low concentrations of
178-estradiol found in this Haploudox is the association of
178-estradiol with soil colloids (ARNON et al., 2008) and
organic matter from the soil and from the PS itself (LAI etal.,
2000), probably favoured by the change in pH, which is more
acidic in the soil than in the PS.

Sulfadimidine concentrations were found to be 41.6—
813.4 ng L' (Figure 2). Before applying PS, the mean con-
centration was 229.6 ng L', which shows the persistence of
this molecule in the environment, as observed by Christian et
al. (2003), who studied the occurrence of antibiotics in soils
amended with PS in Germany. They found a concentration of
15 mg kg at seven months after the application of fertilizers,
indicating high retention and stability of the substances in soil,
having the same half-life of 0.3-47.6 days (BARAN etal., 2011).

An increase in sulfadimidine concentration occurred
immediately after the application of PS to soil surface (Table 4)
because the maximum concentration (813.4 ng L") was obsetrved
one day after the application, even without rainfall. Sulfonamides
are often found in high concentrations in the environment (HU
et al,, 2008; CHRISTIAN et al.,, 2003; LI et al., 2011) owing to
their high water solubility and consequent mobility in soil solu-
tion (HALLER et al., 2002). After application, they are quickly
transported in the soil profile (BOXALL et al., 2002a), as can
be seen three days after the application, when the concentration
reached 519.8 ng L. Boxall et al. (2002a) stated that in acidic soils
absorb higher amountsof sulfadimidine. This can be observed
at seven and 15 days after application, when the substance was
not detected. At thirty days, the concentration rose again to
134.9 ng L, possibly owing to high rainfall in the days prior to
the collection, causing sulfadimidine leaching in the soil profile.
This was also observed at60 days after the application of PS,
when the concentration was 256.4 ng L' (Table 4).

Table 5 summarizes the average concentrations of
antibiotics and hormones at average sampling depths of 20, 40,
and 80 cm. The molecules of 178-estradiol, 17a-ethinylestradiol,
and sulfadimidine were found at measurable concentrations at
various depths, including 80 cm. The remaining molecules were
not quantified in the soil profile. 173-estradiol concentrations
were also observed at 15 ecm (ZITNICK et al., 2011), 60 cm
(THOMPSON et al., 2009), and 100 cm (KJAER et al., 2007)
in evaluations of the transport of 178-estradiol in soil fertilized
with swine slurry. We observed that the maximum concentra-
tion of the substance in the soil solution in the first layer was
observed in mostsamples. Herman and Mills (2003) attributed
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such concentrations to lower degradation rates owing to milder
temperatures, as observed in the study site (average of about 20°
C), and the abundant energy provided to the microorganisms
by the PS applied, which prevents total degradationand allows
for a residual fraction in the environment.

We showed that the maximum concentration of 1783-es-
tradiol was observed in deeper layers. Ivashechkin et al. (2004)
attributed this increase in the concentration of the substance
to the process of desorption of 17x-ethinylestradiol molecules
from soil constituents. This desorption can be caused by an
increase in negative charge and deprotonation, thus reducing
adsorption onto colloids in the soil IVASHECHKIN et al.,
2004). This result was also observed by Karnjanapiboonwong
et al. (2011) when studying the occurrence of hormones at a
depth of 30 cm.

CONCLUSIONS

1. The hormones estrone, 173-estradiol, and 17-a-e-
thinylestradiol and the antimicrobial sulfadimidine were found
in the Haploudox soil at concentrations higher than the limit of
quantification. The antibiotics chlortetracycline, oxytetracycline,
and tetracycline were found only at concentrations higher than
the detection limit.

2. The frequencies of occutrence at concentrations
higher than the detection and quantification limits of hormones
and antibiotics were low, with the exception of sulfadimidine,
for which the frequency was higher than 10%.

3. Sulfadimidine and 17a-ethinylestradiol were detected
in the Haploudox solution up to 60 days after the application
of swine slurry.

4. The antimicrobial sulfadimidine and the hormone
17a-ethinylestradiol were detected in the soil profile up to
depths of 80 cm.

5. The high concentrations of sulfadimidine and 17a-e-
thinylestradiol found in the soil solutions show that the application
of swine slurryto agricultural land can potentially contaminate
groundwater, especially when the water table is near the surface
and heavy rainfall occurs a few days after PS application.
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