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ABSTRACT

OBJECTIVES: to produce a methodology for the risk ranking
of farms located around proven or potential sources of con-
tamination to prioritize the monitoring procedures in food
production.

DESIGN: environmental factors that can favour the risk of
contamination of products of animal origin (POAO) around
a pollutant source were identified. A scale of standardized
scores was produced for each risk factor (RF) in order to ob-
tain a risk-based classification. Subsequently, an algorithm
was developed to obtain a relative risk assessment (RRA).
SETTING AND PARTICIPANTS: in order to validate the pro-
posed methodology, data of 80 livestock farms in a polluted
area, enrolled in a previous study, were subjected to the RRA.
Results of RRA were compared with contamination data.
MAIN OUTCOME MEASURES: seven RFs were included in a
mathematical formula used to classify each farm.

RESULTS: a scoring system was produced for each RFs and
an algorithm was developed to obtain RRA which is an es-
timate of the farm probability of having POAO contamina-
tion in comparison to other farms located in the same area
potentially affected by chemical pollution based exclusively
on site-specific environmental characteristics. In the case
study used for validation, a significant relationship between
RRA and contamination data was found.

CONCLUSIONS: the proposed methodology is a useful tool
to support the authorities responsible for the food safety in
carrying out the monitoring of POAO in areas subject to en-
vironmental risks. It helps to rationalize resources and make
controls more effective.
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RIASSUNTO

OBIETTIVI: produrre una metodologia per la classificazione
del rischio in aziende zootecniche che risiedono intorno a
fonti di contaminazione comprovate o potenziali allo sco-
po di definire priorita nel monitoraggio della produzione ali-
mentare.

DISEGNO: sono stati individuati fattori ambientali che favo-
riscono il rischio di contaminazione dei prodotti di origine
animale (products of animal origin, POAQ) in aziende situa-
te intorno a sorgenti inquinanti. Al fine di ottenere una clas-
sificazione del rischio, & stata prodotta una scala di punteggi
standardizzati per ciascun fattore di rischio (risk factor, RF).

WHAT IS ALREADY KNOWN

B In case of release of pollutants, the soil represents the
primary natural receptor and one of the most important
source of exposure for living beings.

B The interaction between chemicals and receptors fol-
lows preferential routes and the concentration of pollut-
ants in the soil around a polluting source is not homogen-
eous; therefore. farms are not all equally exposed.

B The exposure assessment allows a proper allocation
of resources.

B Risk ranking is a well-known procedure useful to set
priorities.

WHAT THIS PAPER ADDS

B This study offers a methodology for hierarchizing
farms around a source of pollution based on the analysis
of environmental risk factors.

B This analysis is useful for the planning of preliminary
controls in the absence of more detailed data about the
contamination event.

B The application of this methodology allows both the
rationalization of resources and a more effective biomon-
itoring.

Successivamente, & stato sviluppato un algoritmo per otte-
nere una valutazione del rischio relativo (relative risk assess-
ment, RRA).

SETTING E PARTECIPANTI: per validare la metodologia,
sono stati sottoposti a RRA 80 allevamenti provenienti da
un’area inquinata estrapolati da un precedente studio. | dati
di RRA sono stati confrontati con i dati di contaminazione.
PRINCIPALI MISURE DI OUTCOME: ¢ stata usata una formu-
la matematica per classificare il rischio in ogni azienda. Sette
RF sono stati inclusi nella formula.

RISULTATI: ¢ stato sviluppato un algoritmo per ottenere RRA
che é una stima della probabilita, basata esclusivamente su
variabili ambientali, di contaminazione dei POAO in ciascu-
na azienda zootecnica rispetto alle aziende limitrofe esposte
alla stessa sorgente. E stata prodotta una scala di punteg-
gi per ciascun RF. Il test di validazione ha mostrato un’asso-
ciazione significativa tra RRA e dati reali di contaminazione.
CONCLUSIONI: la metodologia proposta & uno strumento
utile a supportare le autorita nello svolgimento del monito-
raggio dei POAO in aree soggette a rischi ambientali. Aiuta
a razionalizzare le risorse e a rendere i controlli piu efficaci.

Parole chiave: siti contaminati, valutazione del rischio, classificazione,
aziende zootecniche
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INTRODUCTION

Owing to the high costs of managing pollution-related
problems, environmental pollution is a matter of great
concern at international level for the negative effects on
the ecosystems, health, and economy. In many countries,
dealing with this issue is difficult mainly due to the lack of
adequate resources and technologies. A worldwide interest
for rapid methodologies that allow, through a preliminary
risk assessment, an early detection of the sites that need ur-
gent and in depth monitoring is rising.1:2 The hierarchiza-
tion of risk is considered a useful method that provides the
basis for comparing, classifying and assigning priorities.3-6
Several risk-ranking methods have been already applied
in many sectors of veterinary surveillance (e.g., for the as-
sessment of transmissible diseases or for the evaluation of
risks deriving from veterinary drugs).”-12 However, just a
few of these methods were used to assess the risk due to
environmental pollutants.13-16

Regulation EC/178/2002 of the European Parliament,
laying down the general principles and requirements of
food law, specifies that controls on food and feed should
be based upon a priori assessment of public health risks,
and consequently a risk assessment is essential to optim-
ize the controls on products of animal origin (POAO),
such as eggs, milk, cheese, meat, and other food, even in
case of environmental pollution.17-19

The present study aims to develop a methodology for the
classification of livestock farms around a pollutant source
based on the risk of contamination of POAO due to the
potential or effective presence of chemicals in soil. It is
widely recognized that, in case of chemical release, the soil
is the primary receptor and the most important means of
exposure for plants, animals, and humans.20-25 In some
regulatory acts, the term ‘soil’ indicates the entire set of
surface soils, subsoil, crops, and human activities on it,
highlighting the close interaction of soil with the ecosys-
tem.26 When chemicals enter the soil, they pass to wa-
ter, plants, and animals through the food chain or by dir-
ect ingestion of a considerable amount of soil as happens
with grazing ruminants.27.28 Animals bred on contamin-
ated soils have a greater risk of being contaminated.29-31
This assumption is valid and widely demonstrated as an-
imals are more closely related to residential soils than hu-
mans due to the fact that they are often fed with local for-
ages or through neighbouring pasture.24.25,32,33

Farms are not all exposed in equal measure around a pol-
lutant source as the spatial distribution of pollutants in
the environment is not homogeneous.

A procedure for the relative risk assessment (RRA) based
on environmental parameters is proposed in this study.
A second phase procedure is proposed to select the most
susceptible farms among those previously ranked by RRA
based on animal and farm management aspects.33

Specific objectives are: to allow a better allocation of re-
sources for food safety controls in the nearness of a pol-
luting source, through a preliminary assessment of the
risk at the farm site based on environmental parameters
(RRA), and to perform a more effective biomonitoring.

STUDY DESIGN

In the first phase, various risk factor (RFs) related to the
environmental characteristics of the polluting site and
surrounding area were considered in order to identify the
criteria to perform an environmental risk-based classific-
ation of livestock farms. A risk-scoring system was imple-
mented by creating a scale of scores for each RE5.34 The
aim was a first ranking of farms based on the RRA.

In the second phase, zootechnical, biological, and sanit-
ary criteria for animal biomonitoring were indicated; they
are fundamental to successfully detect environmental
contamination. The goal was to make the biomonitoring
as effective as possible through POAO. Such criteria must
be adopted on farms previously subject to RRA.
Moreover, the reliability and accuracy of the procedure
was validated in an area affected by severe pollution in
central Iraly that was object of continuous monitoring in

the past years: Sacco river Valley, located in Lazio Region
(Central Italy).15:35

CONCEPTUAL FRAMEWORK

The conceptual framework underlying this study (figure
1) is the one normally used in environmental risk assess-
ment models: ‘Source-Diffusion Pathways-Receptors’.1,5
Knowledge of the source is important to estimate the
spread of pollutants (relevance and magnitude) and to es-
tablish the size of the area (buffer) to be investigated. All
farms falling within this buffer must be subject to RRA.
Information on the type of chemicals is important to se-
lect the target animal for subsequent monitoring, as in-
dicated in phase two.

The rationale of this study is that some natural charac-
teristics of the territory make some farms more exposed.
The spread of pollutants around the source is not homo-
geneous and some pathways are preferred.

Some RFs are the same as those already used in most of
the preliminary risk assessment models in areas affected
by soil contamination.1,2.5.36

Data on selected RFs can be easily found in environ-
mental layers of official cartography: hydrography, hy-
drogeology, Digital Elevation Model (DEM), geology,
land use map.36-41 Since all RFs have a spatial compon-
ent, Geographical Information Systems (GIS) are fun-
damental to study and measure the spatial relationships
among sources, pathways, and receptors.

The overlapping in GIS of the aforementioned informat-
ive layers allows to extrapolate the data of RFs at level of
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SOURCE

Some characteristics of the potential source of
contamination are analysed in order to evaluate its
relevance and to identify the type of emitted con-
taminants.

PATHWAY'S l

The main probable diffusion pathways are invest-

istics of the surrounding environment (topography,
hydrography, hydrogeology, etc).

The livestock farms constitute the receptors. For
each receptor, relative risk assessment is per-
formed using an appropriate scoring system ap-
plied to site-specific risk factors.

the geographical site of the farms by means of geograph-
ical coordinates.

The scoring process is generally used to standardize, com-
pare, and aggregate risk factors in risk assessment.5-42-44
A mathematical equation that measures the RRA was
produced.

In the model generally used in the areas affected by en-
vironmental contamination the risk (R) is a function of:
probability of occurrence of a hazard/contamination (P),
vulnerability of the receptors (V), extent of the damage to
the receptors (D): R = { (P;V;D). 3.5

In the proposed model, the extent of D is not estimated,
since it would require an economic evaluation of the farm
production process as well as an evaluation of the con-
sequential health impact, that are beyond the scope of
this study. Moreover, the estimation of the dangerousness
of the source (polluting flow rate and toxicity) was not in-
troduced in the present model, since farms are assumed
to be exposed to the same source; therefore, it is a con-
stant not affecting the RRA.

In this study, the RRA is exclusively a function of the
vulnerability of the receptors: R = f (V), which is an ex-
pression of the farm probability of being involved in a
contamination event due solely to site-specific environ-
mental characteristics that facilitate the exposure.3:36

To ensure the reproducibility of the results, the method-
ology has been designed only for sources where pollut-

igated through the examination of the character- 2

GIS ANALYSIS w

GIS tools are used to study the spatial relationships
between source-diffusion pathways-receptors to
identify any secondary sources and to measure risk
factors.

Figure 1. Conceptual model underlying the study.
Figura 1. Modello concettuale su cui & basato lo studio.

ants are released into the soil. For the same reason, it can
be applied around a single source or a circumscribed one,
such as an industrial area or district. In addition, since the
radius normally studied around a pollutant source rarely
exceeds 30 kilometres, the proposed methodology does
not provide a scoring system nor a classification beyond
this distance.15,16,35

For the purposes of this study, the polluting sources are
classified into two types:

B primary: sites from which the contamination origin-
ates and is introduced into the environment (e.g., indus-
trial activities, landfills);

B secondary: environmental compartments (e.g., wa-
ter streams, lakes), located near the primary source which
act as natural collectors of pollutants and contribute to
spread them thus becoming passive sources.

ENVIRONMENTAL RF

The environmental characteristics that affect the farm
probability of being contaminated by a source were se-
lected as risk factors and their measurement determines
the final result of RRA. The reasons behind the choice
of each RF and related assumptions underlying the asso-
ciation with risk are illustrated below. Most of the sub-
sequent assumptions come from the previous experience

of the Authors or evidences drawn from other stud-
ies.1,5,6,15,20,21,24,29,31,35
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m Distance from the primary or secondary sources
(D1, D2): the probability of having a contamination
inside a farm is inversely proportional to the distance
between the farm site and the polluting sources, be-
cause the degradation and dilution of pollutants in soils
increase with distance; in particular, the closer the re-
ceptor is to the source, the greater the probability of be-
ing contaminated.

B Position respect to the propagation direction (i.e.,
angular distance): pollutants follow preferential routes
in the environmeng; consequently, the farms located on
these routes are more exposed. These routes of propaga-
tion normally coincide with the direction of surface and
underground water main flow. Farms placed on the op-
posite side have a much lower risk. The position respect
to the propagation direction is measured considering the
angle of the ‘primary source-receptor’ vector with respect
to the ‘primary source-outflow main direction’ vector
(e.g., water course). Two different scoring systems are in-
dicated for farms that are below and above 90° respect to
the propagation axis, taking into account the greater re-
duction of risk above 90° (table 1).

m Elevation (Q): the elevation respect to the source
(measured as altitude difference) inversely influences the
probability of animal exposure since the natural transport
occurs according to gravimetric lines (from top to bot-
tom).

B Groundwater depth (F): when the depth of the
groundwater decreases, the risk of contamination in-
creases, since a shallow groundwater is more likely to
be contaminated due to the reduced thickness of the
overlying soils and the lower filtering effect. The max-
imum score was attributed to shallow aquifer (0-10 m)
where the contaminants that reached the underground
waters can move up again into the soils by using water
wells or by means of seasonal oscillations of the phreatic
surface or capillarity.

m Hydrogeological vulnerability (Vu): it is a qualitat-
ive index of the propensity/aptitude of soils to protect
the underlying aquifer from pollution and it is related
to the soil ability to retain contaminants. The soils that
are hydrogeologically less vulnerable prevent chemicals
from passing to the underlying aquifer, but, for the same
reason, represent a greater risk to crops grown on the
same soil due to their ability to retain pollutants. The risk
of having forage/pasture contamination and scoring is
considered inversely proportional to the vulnerability.15
m Alluvial soils (A): the location of a receptor on land
subject to high risk of floods by watercourses that act as
secondary sources increases the risk, because the contam-
inants transported in the liquid or solid phase are depos-
ited in high concentrations on the neighbouring soils
during the floods.

B Natural barriers (B): the presence of natural barri-
ers (e.g., topographic prominences, hydrographic basins,
tectonic barriers) between source and receptor that ob-
struct the diffusion of pollutants reduces the risk of con-
tamination.

RESULTS

A scoring system for seven RFs (table 1) and a specific
mathematical formula was developed to compute RRA.
A step-by-step procedure describes the assessment. In the
second phase (step 7 to 10), some supplementary cri-
teria are illustrated for the choice of the most susceptible
farms, among those previously classified by RRA, suitable
for biomonitoring purposes.

The procedure to obtain RRA consists of the following
steps:

1. acquisition of information on: position of the source,
neighbouring livestock farms (after extrapolation from
the National Animal Registry), and related characterist-
ics (livestock management, type of reared animal species,
and POAQ), magnitude, and type of pollution release;45
2. spatial analysis by GIS of the source and receptors;
measurement of spatial relationship among source and
receptors, delimitation of the geographical area within
which to apply the procedure: a variable buffer is ad-
opted around both the sources, primary and secondary
(if present), that is conditioned by the evaluation of the
size/extent of the polluting load performed during step
1. Commonly, the buffers range between 1 and 6 kilo-
metres around the primary source and between 0,5 and 3
kilometres around the secondary source;35

3. overlapping by GIS of different informative layers (hy-
drography, hydrogeology, geology, DEM) in order to ac-
quire all the information related to RF;

4. normalization of the values of RF through the scoring
system in table 1;

5. aggregation of the normalized values in the RRA
model equation;

6. classification of the farms, their listing (according to
the acquired RRA) and representation on map. The maps
show ranked risk on the territory.

In the second phase, in the ranked farms the following
activities should be carried out to identify priorities for
monitoring purposes:

1. identification of the animal species (cattle, sheep,
poultry) more susceptible to the specific- emitted sub-
stances/pollutants:  the management and
physiology of each species should be considered;

2. identification of the most susceptible matrices, i.e.,
the POAO (e.g., milk, eggs, meat) that have a greater
aptitude to bioconcentrate the specific chemicals;

3. selection of the most susceptible farms under the live-

animal
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RISK FACTOR

UNIT

SCALE

Angular distance of the “primary source-receptor” vector towards the “primary source-direction of propagation” vector <90°

www.epiprev.it

SCORE

Distance from the primary polluting source (D1) 0-1,500 1
1,501-3,000 0.8
3,001-5,000 0.6
Meters
5,001-10,000 0.4
10,001-30,000 0.1
= 30,001 0
Distance from secondary source (D2) 0-700 1
Meters 701-1,500 0.5
= 1,501 0.1
Elevation/altitude in relation to the primary or secondary source <10 1
(considering the nearest one) (Q) Veters 11-30 07
31-70 0.3
=71 0
Piezometric level of the aquifer 0-10 1
(depth of the aquifer level with respect to the topographic surface) (F) 11-20 08
Meters 21-50 0.5
51-200 0.1
=201 0
Hydrogeological vulnerability of surfacing lithotypes (Vu) Qualitative Low or very .lOW . 1
Very high, high, and medium 0
Alluvial/floodable soils (A) o Yes 1
Qualitative
No 0
Presence of natural barriers between source and receptor No 1
(river basin limits, tectonic discontinuities, poorly permeable lithotypes) (8) | Boolean Yes 0

Angular distance of the “primary source-receptor” vector towards the

vector “primary source-direction of propagation” >90°

Distance from the primary polluting source (D1) 0-1,500 0.9
1,501-3,000 0.6
Meters
3,001-5,000 0.3
= 5,001 0
Distance from secondary source (D2) 0-700 0.5
Meters 701-1,500 0.3
= 1,501 0.1
Elevation/altitude in relation to the primary or secondary source <10 0.5
(considering the nearest one) (Q) 11-30 04
Meters
31-70 0.2
=71 0
Piezometric level of the aquifer 0-20 0.8
(depth of the aquifer level with respect to the topographic surface) (F) 21-50 06
Meters
51-200 0.3
=201 0
Hydrogeological vulnerability of surfacing lithotypes (Vu Low or very low 0.5
yareg E y g ypes (Vu) Qualitative ; y. .
Very high, high, or medium 0
Alluvial/floodable soils (A) L Yes 0.5
Qualitative
No 0
Presence of natural barriers between source and receptor No 0.5
(river basin limits, tectonic discontinuities, poorly permeable lithotypes) (8) | Boolean Yes 0

Table 1. Risk factors and proposed scoring for relative risk assessment.
Tabella 1. Fattori di rischio e punteggio proposto per la valutazione di rischio relativo.

398
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stock management point of view among those with the
same RRA value: use of pasture, feeding with local fod-
der, use of water from local wells, and other factors that
make the farms more sensitive;

4. exclusion from the biomonitoring plan of all farms
that do not have any of the above sensitive factors (i.e., all
farms with animal species that are unable to bioconcen-
trate the target contaminants in their organs or POAO or
that have a management — use of non-local feeding — that
does not allow to absorb environmental contamination).
This step is critical for the confirmation of presence/ab-
sence of pollution in the environment and for the valida-
tion of the RRA as well as the choice of the most sensitive
species, POAO, and livestock management.33

To estimate the RRA the overall risk (OR) is measured
for each farm by the following formula:

OR = D1 x D2 x (Q+F+Vu+A+B)

A multiplicative operator is used for factors considered
most influential, such as the distances, and summation
for the less influential ones.46

The RRA equation is:

RRA = OR\ OR,,,,

The OR for each farm is divided by the highest OR
(ORp0) in the investigated area. RRA values are in the
range between 0 and 1.

A value of RRA equal to one indicates maximum relat-
ive risk while a value equal to or close to zero highlights a
negligible risk of contamination.

After the application of RRA, results of performed bio-
monitoring could reveal different situations:

B absence of contamination in the farms with the highest
RRA and in those with lowest RRA (sampled to a lesser
number as control): contamination can be excluded in all
the farms of the area with significant cost savings in the
management of controls;

B presence of contamination in farms with the highest
RRA and to a lesser extent in those with lower RRA: in
this case, biomonitoring confirms RRA and a contamin-
ation has been ascertained that degrades in the environ-
ment;

B presence of contamination at the same intensity both
in farms with the highest and lowest RRA: it could be a
massive contamination that requires more speciﬁc studies;
B presence of contamination in farms with lowest RRA,
but not in those with highest RRA: in this case, the meth-
odology is not adequate, probably because the real pollu-
tion framework in the environment is not explained by
the model.

VALIDATION OF METHODOLOGY THROUGH

A CASE STUDY

The procedure has been tested for validation in a pol-
luted area in Central Italy: the Sacco river Valley. Data of
80 livestock farms belonging to such area were abstracted
from a previous study and subjected to the RRA.15

RRA data was compared to values of beta isomer of hexa-
chlorocyclohexane (3-HCH) measured in 2005 on bulk
milk samples of dairy cattle raised in the 80 farms. Fig-
ure 2 shows a graphical agreement between RRA results
(graduated circular symbols) and B-HCH measurements
previously interpolated by Indicator Kriging (IK), as re-
ported by the aforementioned study (IK shows the prob-
ability of having milk concentration of 3-HCH above
0.0005 mg/kg in 4% of fat).15

The primary source of B-HCH is an illicit storage site of
toxic waste that caused soil contamination with §-HCH
and subsequent involvement of different vegetable and
animal matrices.

The secondary source is the Sacco river, which contrib-
uted to spread the pollution.

All 80 livestock farms are within the buffers of 5 and
3 km, respectively, around the primary and secondary
sources which extended up to 30 kilometres from the
primary source (red line of figure 2).

RFs values extracted from the informative layers through
GIS are: hydrography, hydrogeology, digital elevation
model (DEM).39-41 Analysed RFs were: D1, D2, Q, Vu,
E and angular distance between ‘source-receptor’ vector
and ‘source-propagation’ vector. Information on other
RFs was lacking.

A Spearman’s Rank Correlation showed a significant re-
lacionship between RRA and B-HCH measurements
(p<0.001), with a rank correlation coefficient equal to
0.44. This result shows that the RRA process can be a use-
ful tool. The moderate magnitude of the correlation is
probably due to the non-execution of the second phase of
procedure. B-HCH measurements refer to farms that did
not use fodder and water at greatest risk, as indicated by
the aforementioned study.!> Greater correlation is expec-
ted with RRA if biomonitoring is applied to the highest
risk farms also under the veterinary and management point
of view as outlined in the second phase of procedure.

CONCLUSIONS

In this study, a new methodological approach was pro-
posed to establish priorities in veterinary controls in areas
exposed to environmental risk. The methodology is based
on a preliminary assessment of the risks, as advocated by
the EU legislation. A one-health approach was adopted
by combining geological, geographical, toxicological, and
veterinary skills.

A risk ranking procedure around a pollutant source must
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Figure 2. Relative risk assessment values in the Sacco river Valley (Lazio Region, Central Italy) (graduated points) superimposed over the representation of the proba-
bility of having beta-HCH concentration in milk above 0.0005 (mg/kg in 4% of fat) obtained through Indicator Kriging as in Battisti et al.’>

Figura 2. Valutazione di rischio relativo nella valle del fiume Sacco (Lazio) (pallini graduati) sovrapposta alla rappresentazione della probabilita di avere una concentra-
zione di beta-HCG nel latte superiore a 0,0005 mg/kg sul 4% di grasso ottenuta con I'indicatore Kriging, come in Battisti et al.1>

be kept in great consideration for land management, since
chemicals can persist for decades in the soil before be-
ing naturally degraded and the most exposed farms need
to be often monitored. Risk ranking allows to identify
sentinel farms for early warning of pollution and mon-
itoring the effectiveness of corrective or safety measures.
47 The proposed RRA algorithm proved to be effective
in predicting risk in a case study in Central Italy (Sacco
river Valley). It is known that, in the construction of most
models, it happens that the greater the field of applica-
tion the greater the difficulty of making the results repro-
ducible in different contexts. A limitation of this model
is that it is not applicable to aerogenic sources, but only
around sources that release pollutants into the soil, be-
cause the effect of winds that have a great influence on
the areal dispersion of pollutants was not considered in
the model. The model may be more appropriate in cer-
tain situations than in others, as the different chemicals
released into the environment have different behaviours
that cannot be perfectly represented in the same model.
Any bias in the prediction of RRA can be highlighted by
the results of the subsequent biomonitoring (phase two)
that can reveal different situations and distortions of RRA

compared to reality (see paragraph “results”). It proved to
be simple to apply and suitable even when knowledge of
some RFs is lacking, because the measurement of RRA
is still possible if done under equal conditions for all re-
ceptors. This means that the RRA equation could be ap-
plied using only variables for which information is avail-
able. For example, when information on hydrogeological
and geological conditions is lacking, but distances from
primary and/or secondary sources are available for all
farms, the RRA calculation is still possible through the
equation using only variables D1 and D2 and removing
all the others. This aspect makes the procedure suitable
even for quick evaluations as in a time of emergency.

It is meaningful to note that, if the biomonitoring con-
firms the RRA prediction, the RRA can also be applied
to sites not yet affected by animal husbandry for the sole
purpose of preliminary assessing the area suitability for
animal husbandry or agriculture. This is possible as the
RRA is based solely on site-specific environmental para-
meters. RRA mapping facilitates the identification of the
areas at greatest risk.
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