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ABSTRACT

Recently, de la Torre [1] provided an approach for assessing the vulnerability of European soils for tetracyclines,
fluoroquinolones and sulfamides contamination using a spatial risk assessment. It allowed identifying areas where vul-
nerable soil more occur, providing useful information for policies designed to reduce contamination. In the current
study, this approach was applied to a local level, the autonomous region of Castile and Leén (C&L), located in the
north-west part of Spain. High accurate and reliable source data were employed to generate a soil vulnerability map for
tetracyclines in the study area, attempting to improve the release and consequence risk prediction. More specifically, pig
density, temperature and soil use risk estimators were improved using data from national or local databases. Result
comparison between the European and the present approach showed a good agreement demonstrating the utility of the
European vulnerability map to be employed not only at global level but also for deciding how to allocate limited re-
sources on national or subnational environmental surveillance programs of antibiotics. The model application at local
level using more accurate data from national or local sources, afforded a better understanding of the spatial distribution
of the risk, mainly associated with the higher accuracy of the national land use database SIOSE. It could offer a useful

tool for local management of the risk, such as the management of animal manures fertilization on soil.
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1. Introduction

Within the last decade, a more complex investigation of
antibiotic substances has been undertaken in order to
permit an assessment of the environmental risks they
may pose [2,3]. An increasing number of studies cover-
ing antibiotic input, occurrence, fate and effects have
been published but field data are yet large scarce for
which the problem cannot be reliably quantified. For this
reason, different countries have conducted a priorization
of veterinary antibiotics [4-6] and have initiated moni-
toring programmes for the characterization of antibiotic
distribution in the environment.

Since the consistent and accurate data required for the
assessment analysis under consideration is a massive
amount, very expensive or time-consuming to collect, the
use of predictive models should be considered as a valu-
able tool. The utility of GIS-based predictive models has
been previously demonstrated for assessing environ-
mental quality on organic and inorganic contamination
on soils and waters at an European [7-11] and national
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scale [12,13]. Risk maps for antibiotic contamination
have also been provided for Europe for both surface wa-
ters [14] and soils [1].

But for any study that has a spatial component, the
accuracy and precision of the results depend on the geo-
graphical scale and correctness of the source data set. In
the approach developed by de la Torre [1] for assessing
the vulnerability of European soils to antibiotic contami-
nation, source data of all risk estimators were gathered
from global distribution maps created through the spatial
disaggregation of sub-national statistical data or by satel-
lite. Therefore, this European vulnerability map is useful
to compare risk level among countries and for identifying
the most important areas at risk. The model application
to local level requires the use of precised source data
from the area under study. It would allow to deeper ana-
lyze the risk for the local scenario and would facilitate
tacking decisions by local authorities to manage preven-
tion actions against soil contamination from antibiotics
excreted through animal manure.

The study presented here, is intended to apply the ap-
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proach developed by de la Torre [1] at a local scale (the
authonomous region of Castile and Leon) to create a
vulnerability soil map for tetracyclines using spatially
precise information of pig density, temperature and soil
land use. Comparison between the results of the present
approach and the European vulnerability soil map for
tetracyclines published by de la Torre [1] will be done in
order to identify the benefits of the risk assessment
analysis performed at local level.

2. Material and Methods

A risk analysis to measure soil vulnerability to tetracy-
clines contamination has been performed in the Castile
and Leon region (C&L) (Madrid, north-west of the Ibe-
rian Peninsula) that is not only the largest region of Spain,
but as well the third largest region of all the European
Union.

2.1. Study Area

Castile and Ledn covers an area of 94,273 km? or 18.6%
of Spanish territory. It is an inland region whose main
features are a large surface area, low population density
and a sizeable rural community. Agriculture remains a
key sector in the production structure, mainly located in
the central plain of the region. Most of the cultivated area
is devoted to cereals, especially barley, although maize
and sunflowers are becoming more and more important.
Castile and Ledn is the second most important region in
pig population in Spain (14.6%) and produces 6,936,686
m? of manure per year [15].

In administrative terms, C&L is divided into nine prov-
inces, Avila, Burgos, Ledn, Palencia, Salamanca, Sego-
via, Soria, Valladolid and Zamora.

2.2. Risk Analysis

The risk analysis has been based on the approach devel-
oped by de la Torre [1] that consists of four steps: release
assessment, exposure assessment, consequence assess-
ment and risk estimation.

Briefly, release of antibiotics into the environment
through the agricultural reuse of animal manure was in-
directly assessed as livestock density, assuming that the
amount of antibiotics released into the environment is
proportional to livestock production. Exposure was esti-
mated as the antibiotic potential to contaminate soil using
a qualitative standard approach adapted from 1SO 15175
[16]. According to the ISO, the antibiotic potential to
contaminate soil is a function of its binding and perma-
nence potential. The binding rate is estimated as a com-
bination of the soil organic carbon content (%) and the
antibiotic adsorption value (Koc, I/kg) whereas the per-
manence rate combines the mean temperature (°C) and
the antibiotic degradation value (DTsy, days). Conse-
quence was modeled based on soil uses. Since veterinary
medicines are released into the environment primarily
when manure from medicated animals is applied to the
land as fertiliser, agricultural and pasture soil uses were
the target area. Finally, risk was estimated by combining
release, exposure and consequences using spatial multic-
riteria decision analysis.

2.3. Risk Estimators

Overall, six well known risk estimators were considered
in the approach based on common antibiotic (degradation
and adsorption potential), environmental (temperature and
organic carbon content) and socio-economical (animal
density and land uses) properties.

For comparison proposals between vulnerability soil
maps for tetracyclines performed at global scale (1:
10,000) and at local level, similar information about an-
tibiotic risk estimators was employed in both cases.
Therefore, to conduct the local approach, data on tetra-
cyclines (oxytetracycline, tetracycline and chlortetracy-
cline) was gathered from de la Torre [1]. Only informa-
tion about environmental or socioeconomical risk esti-
mators was improved. Source data are briefly described
in Table 1 and compared with the source data of the map
performed at global scale.

The geographic location of each farm and the number

Table 1. List of source data used for mapping risk estimators.

Risk estimators

Source data information

Data owner Origin data Spatial resolution Ref
. - Predicted distribution from pig populations .
Pig density FAO statistics and predictor variables 1:50,000 [17]
Pig density” Regional Government Farm owner 1:1000 No published
Organic carbon content®” GISCO Measured data {ivallable from systematic 1:1,000,000 [18]
sampling programmes
R . o } 1:100,000
Temperature WorldClime v.1.4 Satellite images (1950-2000) 30-s grid cell [19]
Temperature® AEMET 602 stations (2001-2007) 1:1000 No published
Soil uses® CORINE Satellite images (2000) 1:100,000 [20]
Soil uses” SIOSE Satellite images (2005) 1:25,000 [21,22]

“Global scale (data source: de la Torre [1]); "Local level.

Copyright © 2013 SciRes.
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of pigs were obtained from the Regional Government of
C&L Region. A kernell map of pig density was gener-
ated to be used in the risk analysis.

The mean monthly temperature data were obtained
from the observations at the stations of the synoptic and
climatological network of the Spanish Meteorological
Agency (AEMET). Local data from 602 weather stations
from the period 2001-2007 were recorded. Kernell maps
of mean temperature were generated for each month to
be used in the risk analysis.

The geo-referenced information about land uses was
obtained from the Land Cover and Use Information Sys-
tem of Spain (SIOSE) [21,22]. Agricultural and livestock
settlements, pastures and herbaceous vegetation (ID code
212, 231, 232, 290, 300, 701, 831) were used for gener-
ating a soil use map to be used in the risk analysis.

Information about as the organic carbon content on
soil was gathered from the same data source previously
employed at global scale, due to more detailed and ho-
mogeneous data were not found for the area under study.

2.4. Vulnerability Map

The vulnerability map (grid cell size, 1 km? was pre-
pared by integrating release, exposure and consequence
layers according to de la Torre [1]. The three layers were
normalized between 0 and 1 as well as the final outcome.
The higher the value of this risk score, the more vulner-
able the soil is for tetracyclines. Results were presented
using mean and max risk scores by province and visual
outputs were represented using risk maps. The study was
carried out using ArcGIS 9.3.1 (ESRI®).

3. Results and Conclusions

The vulnerability map for tetracycline contamination on
soils performed here incorporates improvements in three
of the four environmental and socioeconomical risk es-
timators susing national or local databases (Table 1).

The most relevant improvement was achieved for the
land use risk estimator (Figure 1). SIOSE offered a spa-
tial resolu- tion (1:25,000) higher than the CORINE
(Coordination of information on the environment) data-
base used in the global approach (1:100,000). Moreover,
SIOSE employed reference date from 2005 instead 2000,
using polygonal geometry with minimum mapping unit
from 0.5 to 2 ha [23]. It allowed identifying that the ag-
ricultural area is mostly located in the central portion of
the area under study, corresponding to the typical cereal
plateau of the C&L region [24]. It represents more than
two thirds of the C&L surface (more than 5,783,831
hectares) mostly yielding cereals such as barley, wheat
and corn [25]. The homogeneity and simplification that
characterize this agricultural landscape is the result of a
process influ- enced by the physical conditions and the
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productive specialization in the region [24].

Pig density was improved employing the most updated
and disaggregated data for the area under study, that is
information on the geographic position and pig census of
farms. It provided the best picture of the pig density’s
geographical distribution showing the highest values in
Segovia, the province with the major swine population of
the C&L region (37% of the total) [26] (Figure 2). It
should be noted that the pig density map generated at
global scale showed similar results (Figure 2). The local
level approach employs observed data whereas the global
approach is based on predicted livestock densities mod-
eled from observed livestock densities (national or sub-
national agricultural statistics on livestock populations)
and predictor variables (environmental land-cover and
land-use criteria such as anthropogenic, demographic,
topographic, land cover, temperature, water and moisture,
general climatic). This suggests that the georeferenced
European data on pig density from FAO (Food and Ag-
riculture Organization) [17] act as a good predictor at
sub-national level. Something similar occurred when the
temperature risk estimator was improved at local level,
showing a similar range of values and a similar geo-
graphical distribution than in the global approach. Higher

Kilometers
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s e Kilometers
02040 80 120 160

Soil use - 1
|:| C&L_region 0
Figure 1. Soil use map of the authonomous region of Castile

and Ledn (Spain) generated at global scale (up) and at local
level (down).
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temperatures were observed in the central plateau whereas
lower temperatures were observed in the surrounding
mountains. Additionally, the consideration of monthly
mean temperature data in the risk analysis performed at
local level, allowed to observe an annual and seasonal
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Figure 2. Pig density map of the authonomous region of
Castile and Leon (Spain) generated at global scale (up) and
at local level (down).

pattern of temperature variation similar than those pre-
viously described for this region [27,28]. Mean monthly
values ranged from 4.8°C in the coldest month to 21.5°C
in the warmer one, but grid temperature variations re-
sulted in a slight variation of the permanence ranking. It
is due to variations up to 3 degrees of temperature fall
within the same pre-defined permanence category.

Organic carbon was the only risk parameter that could
not be improved due to geo-referenced, measured and
harmonized data on soil properties are rarely available at
local level. At the present time, the most homogeneous
and comprehensive data on the organic carbon of Euro-
pean soils remain those that can be extracted from the
European Soil Database [29].

Overall, results of the vulnerability map for tetracy-
cline contamination on soils generated at local level were
consistent with the risk values of the global approach into
the study region. Only slightly higher values were found
using the approach at a local level (max = 0.74; mean =
0.05) versus the global scale (max = 0.55; mean = 0.03)
(Table 2). Segovia, the C&L province with the major
swine population, showed the highest values in both
cases (max = 0.74, mean = 0.18 (local level); max = 0.58,
mean = 0.02 (global scale)). These results correspond to
relative risk values rather than absolute ones. Under this
consideration, both vulnerability maps have been able to
show the relative variability of the risk within the study
area. Moreover, the temporal study performed at local
level did not achieve relevant findings to the risk assess-
ment as it showed very little variation in the risk score.
Risk values between January and December showed
variations of 0.02 - 0.07 (mean) and 0.1 - 0.2 (maximum)
depending on the province. This occurs because tem-
perature has been described as one of the less influential
risk estimator in the model [1].

Table 2. Results of the vulnerability map of the authonomous region of Castile and Ledn (Spain) to tetracycline contamination at
global scale and at local level.

Soil contamination value for tetracyclines

Range (min-max)

Mean

Global scale Local level Global scale Local level

Avila 0-0.46 0-0.23 0.03 0.05

Burgos 0-0.17 0-045 0.02 0.03

Ledn 0-0.04 0-0.12 0.01 0.01

Palencia 0-0.05 0-0.26 0.01 0.01

Salamanca 0-0.12 0-0.26 0.03 0.05

Castile and Ledn

Segovia 0-0.45 0-0.74 0.10 0.18

Soria 0-0.50 0-0.37 0.03 0.04

Valladolid 0-0.12 0-0.41 0.02 0.04

Zamora 0-0.09 0-0.22 0.03 0.04

Total 0-0.50 0-0.74 0.03 0.05

Copyright © 2013 SciRes. JEP
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As could reasonably be expected, local approach pro-
vides a better understanding of the spatial predictions of
tetracycline soil contamination (Figure 3). Risk areas are
mainly concentrated in the central part of the region as a
result of the highest accuracy of the soil land use risk
estimator. Only where agricultural and pasture uses have
been identified, antibiotics can be preset coming from
animal manure applied as fertilizer to the land.

These results provide two important findings. The first
one is the consistence between the vulnerability map
performed at global scale and at local level. This means
that the global approach has great potential as a predict-
tive modeling of antibiotic contamination on soil. The
vulnerability map of the European Union soils to antibi-
otic contamination developed by de la Torre [1] can be
successfully used for evaluating the contamination po-
tential of antibiotics not only over large areas but also at
smaller administrative level (national or subnational).
The target beneficiaries include Ministries, European and
National medicine agencies and scientifics who can use
this methodology to produce maps for policy formulation,
for instance to identify areas considered most at risk from
soil contamination by antibiotics and for deciding how to
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Figure 3. Soil vulnerability map of the authonomous region
of Castile and Ledn (Spain) generated at global scale (up)
and at local level (down).
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allocate limited resources among European or national
environmental surveillance programs of antibiotics.

The second finding is that when the model is applied
at a local level, results usually are more realistic and ad-
justed to the region of study, offering a useful tool for
local management of the risk, such as the management of
animal manures fertilization on soil to prevent the risk
posed by antibiotics excreted on them. To achieve it, the
local approach should be implemented with other pa-
rameters to evaluate the agricultural land suitability to
receive organic fertilizers. In a recent study performed
with sewage sludge [30], the authors identified ground-
water contamination, distance to urban areas, metals con-
centration in soil and crop type as the most important
criteria for defining the agricultural land suitability. Given
that, we believe that the vulnerability map of soil to anti-
biotic contamination at local level can be easily imple-
mented to be used to advice and guide policy makers
toward more confident decisions, based on an extensive
group of criteria.

In conclusion, the comparison between the vulnerabil-
ity map for antibiotic contamination on soils generated at
a global scale and a local level showed a reasonably good
agreement between the results. The approach can be suc-
cessfully used for evaluating the contamination potential
of antibiotics over large areas and at national or subna-
tional level using the same input data. This favors the
tool application for the national decision making process
and for the improvement of the surveillance programms
of the European countries. At local scale, the inclusion of
additional risk estimators for defining the agricultural
land suitability, could orientate the local management of
the risk, such as the management of antibiotic-enriched
manures as soil fertilizers.
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