
� � � � ���� � 	 �� � � � 
 �� � � � � �� � �
 � � 
 � � 
 � ��
� � ��
 � � � � 
 � �� � 
 
 	 � 
 � � � �� � 	 � ��

� 
 � � � � � � � � � � � �

� 	 � � � � � � � � � � � � � � �
� � � � � � � � � ��� � � � 
 
 � � � � � � �   �



• Struttura
• Validazione
• Applicazioni

– Registrazione
– Pianificazione territoriale
– Gestione aziendale



� � ! " � # $ � � � � � � � # � � ! � % 	 
 � � 
 �







&� ! &� � � � � '
� ! %" � ! �

� � � � � � 
 � �� � �� � �
 � �
� ( � � �� �� � � �

� � ( 
 � 
 � � 
 � �� � � �� � � � � ���

� " ! %!

&� 
 
 �� � � �

 ) � � � � � �� � � * ) � � 
 �� � 
 ��

! " � &" �
� ! # � %%!

+%� � �

� � � ��� ���� � � � � � � �� ��� � �� � � � ���



� � � � � � � � ��� ��� �� � �� � �� � �

� � � � �� �� � � � � � � ��

� � � � �� �� � � � �� ��

� � � � � � � �� �� � � � � � � �� � �� � � � � � � ��� � � ��

� � �� � � � � �� �� �







� � � � � � � � �� � ��  � �� � ��� � � ��

� ! � � � �� � � �

� � � � � � � � � � �� ��� � � � � � � � �� � � � � �� �

� � "

� � � � � �� � �� � � � � � � � �

� � � � � � �� � � ��� � � �� � ��  �

� � � � � � � � �� � �� � � �� � � � � � � � � ��

� � � � � � � � �� � �� � �� �



&� � ( � �� 
 , �
� � � � �� � �� 
 � �� � �

� � � � � �� � �� � � �� � �
� � � �� #���� � �� �� � $� �
� ! � � � �� � � � � � � � � � �
� ! � � � � �� � � � � �� �� �
� � � � � � � � � � � � �� � � � �� � �� � �
� � � � � � �� �� � � � � � � �� � � � �� �� � �



%� � � � � � � �� � ��� ��� � � ��  �

� � �� � � �� �� �� � � � ��� � �

�%� � � � � �� � �� �� � � ��

� ! � � � � � � � � � � �� � �� �&� �� ��� � ' ��� � � �� (

� � � � � � � � � � � �� � � �� � �

� ) � � �� � �� � � �� � �� � �

� ! � � � � � � � � � � �� � � ��

� * � �� �� � �� � ��



� � � � ��  � �� � � � � � � ��  �

�%� � � � � � � �� � ��� � �� � �� � � �

� � � �� � ��� � � � � �� � ��� � � � � �� � ���� � �  � � � � �

� � � �� ���
 + %��� �� � � � �

� ! � � � ��  � �� � � � � � � ��  �

! �� � �� ��� � � � � � � � � � � ���� � � � � � �� � �



� ! %" � ! �
� � � � � � � !

� � � � � � 
 � �� � �� � �
 � �
� ( � � �� �� � � �

� � ( 
 � 
 � � 
 � �� � � �� � � � � ���

� " ! %!

&� 
 
 �� � � �

 ) � � � � � �� � � * ) � � 
 �� � 
 ��

! " � &" �
� ! # � %%!

+%� � �

� � � ��� ���� � � � � � � �� ��� � �� � � � ���



� - 	 
 � 
 �
 , � 
 � � �. 
 
 
 � 
 � � 	 � 
 � � � � 
 
 � ( � � � � � � �
 , �
� � �� ( � � � ��� � � � �� 
 � � � � � �

� - 	 
 � 
 �
 , � ��� � �. �
 
 
 � �� � � 
 �� 


� - 	 
 � 
 �
 , � ( � � � 
 � ( � � � 
 � 
 � �� � 
 � �� � � / � �� �
� � � � 
 ) ) �� / � . � �
 
 ���� � 
 
 
 0

� - 	 
 � 
 �
 , 1� ( �� � � / � � � � �
 / � 2 3 � ( � � � � � 
 ��� 0

� � �	 � � ��

� � � � ( �



Fase gassosaFase gassosa

Assorbimento
radicale

Trasformazione

Fase liquidaFase liquida

Evaporazione e/o
Volatilizzazione

Adsorbimento
di equilibrio
e/o cinetico

Percolazione in
falda

Perdite per erosione,
runoff o drenaggio

� � � � � � � � �� � ,�� � � � ���� � � � � � � ���! � � � �� � � &- . . . (/�� �� � � � � � �� � �� � �� � /



Residuo 
dissolto

Colloidi

� 
 
 � �� � �
� � ��� 


Residuo 
adsorbito

Trasporto facilitato



Rainfall ET

Percolation

Water
flow

Pesticide
transport

Soil
storage

Percolation

Rainfall ET

Micropores Macropores

Boundary defined by infiltration
capacity, conductivity, storage 
etc. of each region

Exchange 
defined by e.g.
diffusion term

Conventional model Preferential flow model



� � 
 0��� �� � � � � � � � � � �� � � � � ��� � �� � � ���
� $�&� 12� 3� (�0��� � �� � � � � � ��4� � $� � ��
� � �&� 32� (�� � � � ��� � � � � �� �� � � � � � � �� � � � �� � � � �� �� � � � � �� � �
� � ��� � � � � ��$� �� �
� � ��&� (��� �� � � �� �� � � � � � � �� ��

� � $� � � �� � � � � � � � � � � �� � � � �� �� � � � �� � � &� � � (



5+ 
 %� + ! %
 �

6" � 7 �� � � � �� � � �� 8�� � � �� � � � � �� � �

� � � ��7 � � �� �� � � � �� �� � � 9:

� � � � � ��� � � � �� � � �� � � � � � �  � � � � � � � � � � �� � �
� #���� 8� � � � �  � � � � � � ��� ��� �� � � � � � � �  � �
� � � � � ' � � � � � � � � ��� � � �� � � � &6� � � � � � � � �
� � ��� � � �� � : (



	 * 
 ! %� ! + ; � �+ � � ) 
 + � "

� �� � � � � � � �� � � � � � �  � �

� � � $� � � � �� ��� � � � � � � ��7  ��  �� � � �� � � � � �� � �  �� � � � � � � � � �
� � ��  � �� � � � ��� � � � � � � � �8�� � � �� � $� � � � �� ��8

� � 
 � ! <<

� + � � � � � � � � ��� � �� �/�� � � � �� �� � �� � �� � � � ��- . . <

� !  � � � � � � � �� �/�=� � � � � ��� � � �� � � � � � � � ��> � � ��� 8��- . . ?



- / !  � � 8� � � �� � �� � ��� � � � � � � � � �� � ��  � �� � �� � �� � �
� � � � �� � 7 � � � � � ��� � � � � � � � �� � � �  � � � � � � � � � � �
� � � � � �� � ��  � �7 � � � � �#� �� � � � /�

3/ !  � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � �  � �
� � �� � �� � � � � � � �� � 7 � � � � � ��� � � � � � � � �� � �
� � � ��� #�� �� � � � � � �� � � � /

1/ !  � � � � � � �� �� � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � 7 � � � � � ��� � � � � � � � �� � � � � � � � � � � �
� � � � � �� � ��  � �� � � � �� �� � �#� �� � � � /�

@/ + � � �� � � � � �� � �� � � �� � � #� � 7 � � � � � � ��#� � � �� � � � � � �
� ' � � � � � �� � �� � 2� � � � �� � �� � �7 � � �� � � 7 � /�



� ! # � %� � � � � +� � � +4

� A� � � � �� � � � ��
 A� #� � � � � �

( ) ( )

( )�

�� �
�
�

�
�
�
�

�
---

=
N

NN

1

11

2

i

2
ii

2

i

O-O

OPOO

EF



� 
 � ) � 
 � . 
 �	 � �

B� � � �  � � � �� �� � � � � � � � � � �� �  � � � �� � �� � � � � � � � � � � � � � �� #�� � � � � � �
� � � � � � � � � 7 ��  � �  � � � �� �� C� � � � � � � � � � � � � � � � � � �� #�� � � �� �
� � � � � �� � � �� �� � /�

+ � � � � �� � � � � �  � � � � � � � � � � �  �� � � � � � � � �� �8� � � � � � � � � �  � � � �� �
�  � �� � � � ��� � � �  � � �� � � � � � � � �� � � � � �� � � �� #�� � ��� �� � � � � �� � � �
� �� � ���  � �� � � � ��7 ���� � � � � � � �� � � � � � � � #� #���� 8�� � � � �� � �� � �� � �
�  � �#� �� � � � �� � � � � �� � � � � � � �� � � �8/�

" � 7 � � � � �� �� � �� � � � � � � � �� � � � �  � � � �  �� � � � � � � � � �� � � � � 8� � � � �
#� � � � � � � � � � 7  � � � � � �8� � � � �� � � � � � � ��� � � � � � � � � � � �� � � � � � � �
� � � ��� #�� � � � � � � � � � �� � � � � � � �� � � � � � � � � � � � � � � � � �� �� � �� 7 � � � � �
� � � � � � � � � �� �� � �� �� � � � �8�� � � � � � ��� � �  �� � �



� � %� +� � ! � � ! � � � � &" � � &� � � � � � � � � �
%� . � �� 5� � � � �

� � � " %� � � ! �

� � � " %� � � � � � " � � # � # � � �

� � � &6 4+� %� � � #
� � � � � � � � +� %
+! � &� � � � ! �

� � � &� �

7%� � # �
� � %� # � � � ! �

� ! � � �-



� � %� +� � ! � � ! � � � � &" � � &� � � � � � � � �

&6 � � � � 5

� � � � � " � � # � � � � � � �
� &&� ! &� � � � � �

� 8 &� � � � � � � � %� &� ! � ! +! %

� %	 * 
 + ! %
 �

) � � * 
 ! � 	 � + � * ) � � �� + ! +

; ) + � " D� + 
 �+ � �
� ! + ! %� ! %� + 

� 
 	 � + ) %� 
 �

� + 
 %E) + ! %
 �

! 9

&6 � � � � �



� � %� +� � ! � � ! � � � � &" � � &� � � � � � � � �

� � � � � �� � � �� �� � �� � � �� #�� � �
� � � � � � � � �� � � �� � �  �
� � ��� � � �� � �� ' � � � �� �

� � � � � " � � # � � � � � � �

� %	 * 
 + ! %
 �

) � � * 
 ! � 	 � + � * ) � � �� + ! +

; ) + � " D� + 
 �+ � �
� ! + ! %� ! %� + 

� 
 	 � + ) %� 
 �

� + 
 %E) + ! %
 �

! 9

&6 � � � � �

&6 � � � � 5



� &&� ! &� � � � � �
� 8 &� � � � � � � � %�

&� ! � ! +! %

� � %� +� � ! � � ! � � � � &" � � &� � � � � � � � �

� %	 * 
 + ! %
 �

) � � * 
 ! � 	 � + � * ) � � �� + ! +

; ) + � " D� + 
 �+ � �
� ! + ! %� ! %� + 

� 
 	 � + ) %� 
 �

� + 
 %E) + ! %
 �

! 9

&6 � � � � �

&6 � � � � 5


 8� �� � � � �
� � � � �� �

B�� �� �� � � � �� �

	 �� /�� � � � �&� 3(
	 �� /�� � �  � �&� (
	 �� /�� � � #� � �8� � � �
) � � ��� � � �
� � � � ��� � �� �� �
B�� � � �� � � � ��� �
! � � � � � � �� � �

F/G
- /F
3

H�3
C
C

8� �

3FFF
C
3

H�-F
H�G
F2-
8� �



7��� � � . 
 ��� 
 
 �� �

� + ��  � � �  � �� � �� � 7 � ��� I � � 7 � � �  � � � � � ��#� � � �� � � � � 8�
� � � � �� � � � #�8� �� � � � � � � � � � � �� � � � � � � � � � � � �� � �� �� � � � � � � � � � �
� � � � � � ��8�� � � �� � � ��� #�� ��� ��  � �� � � � �� � � � 8�� � � � � ' � /�

� %� ��  �� � � � � � �� �  � � � � � � �� � � � � � � � � � � � � �� � � � � �8� � � �7 ��  � � � �
� � ��#� � � �� � �� � �� � � � /�

� !  � � � � � � � � � � � �7 � � �� �� �� � � � �� � � 7 � ��� � � �� � � � � � � � � � � � �� � � � � �
�  � ��� � � � � � � �� � �� � � ��� #�� /�

� E��� � � � � ��� � � �� � � � � � �� � � �� - � � � � � � � � � � � � � � � � � � � � � � � � � �8� � � �
�  � � � � � � �� �� � � �� � &�/� /� �  � � � � � � � � � � � � � � � �� � �� � � (� #� � � � �� � �
� � � �  � � � � � � �� � � � � � � � � � � � � � � � � � � � � �� � � �  � � � � � � �� � � � � �  � �
� � � � � � � �� � � � � � � �� � ��  � �� � � � �� � � � � � � /�



7��� � � . 
 ��� 
 
 �� � 1� 
 � � � � -

�E��� � � � � ��� � � �� � � #� � � � � � � � � � � � � �� � �� � � � � � � � � � � � � � � � 7  ��  �
� �� � � � � � � �� � �� � � �� � � � � � � � � � �� � � � � � � � � � � � � �� � ��� � �� �
�� � � � � � � �� � ��� �� � � ��� #�� /�

� � � ��� #� � � � � � 8�� � � � �� � � �� � � ��� #�� /�

� !  �� � � � � � � � �  � � � �  � � � � � � ��� � � �� � � � �8� �� � � � � � � � � #� � � � �� � � �
� � � �� � � �� � ����  � � � � � � � �� � �� � �� � � ��  � �#� � � � � � 8�� � � � �� �� � � /�

�%� � �  �� � � � � � � � � � � �� � � � � � � �� �� � � �� �� #� � � � � � 8� � � � � �� � � � � � �
� � � � � � � � ��� #�� � � � � � �  � � � � � � �7 ���� � � � � � � � � � � � � � � � � � � � � � � � �� �
� � � � �� � � � � � �



7��� � � . 
 ��� 
 
 �� � 1� 
 � � � � 3

� + ��� � � � � �� � � � � � �� #� � � � � � 8� � � � � �� � � &#� �  � � � �
 8� � � �� � 8� � � � � � � � � �� �� � � (� � � � �#� � � � � � �#� � � � �� � �
� ��� � � � ��� #�� � �� � � � � � � �� � � � � � #� � � � � � 8�
� � � � �� �� � � /

� J#��� � J� �� � ��� � � �  � � � �  � � � � � � ��� � �  � � � � � �
�� � � � � � � �� � � � #� � � � 7 � � � � ��  � � � �� � � �� � � �� � � � �
� � � � �� �� � ��� ��  � �� � ���� 8� � � � ��� � � �� /

� B� � � �  �� � � � � � � � �� �� � � �� - � 7 � � � � � � � � � � �8� � � � � � 7 �
� �� � � �&+ � � � �� � ��
 � #� �K� ��E� �� � � � (/�



+� %� 7� � � � ! � �
	 � �� ) � �
 � � � 
 
 � � : � � 
 
 
 � 
 � � * � � � � �� �� � � 
 
 


� � � " %� � � ! �

� � � " %� � � � � � " � � # � # � � �

� � � &6 4+� %� � � #
� � � � � � � � +� %
+! � &� � � � ! �

� � � &� �

+� %� 7� � � � ! �

� ! � � �3



� � � � ��

!  � �� � ��� 7 �� � �� � � � �� � � �� � ��  � �� � � � �� �7 � � � �
� � � � ,�

� � + ) 
 �- /- /- �
	 + � ) 
 �@/1�
� � 
 	 
 �1/3



+ ��� � � � �� � � � �� � � � � � � � � �7 � � � � � � � � � �7 ��  � � � #�� � �
�� � �� � � �� � � � 7 ��  � �� � �� � �7 � � �� #� � �� � � /�

	 � � � �L� �� � �� � �� � � � � ��1� � � � #� ���� ' � � � � � �


 � � I �� � �� � � � /�M � �� � � ��  � �� � � � �� � � � �� � �
NGC?F��� 8� �

1� �� 8��� 8� � �GFCGG�� � �O

B� � � �� � � � C� � � �&� � � �� � /�@��� � #�� �- (3/N� �� 8��� 8� � �FCG�� � �O

B� � � C� � � �� �� � � � � � � ��� � � � � �� � �� � � � � � �� �
� � � � C� � � �&� � � �� � /�1(

3
 � 7 � � � #� � � � � � 8� � � � � �� �� � �
&� � � �� � (

B� � � �� � ! � �� � � � �#� � �GFFM � � � � �� � �� #���� 8�&� � 2�(

� � � �  �� � �� � ���� � � � ��� � ��� �� � � � C� � � �&� � � �
� � /G(

GF� � � � � � � ��  �� I � � � � �&� � (

� � � � � � �� � � �� � � � � � � �5� �� �%� � � � �� � � �



33-+ � � � �� � &� 
 (

3-
 � #� �K� &� � (

33E� �� � � � �&%! (

-E� �� � � � � � &* P(

-33
 � � � � &� � (

335� � � � � � � � &� 
 (

	 + � ) 
� � 
 	 
� � + ) 
� � � � �� � �



� 
 � � ( � � ( � � � � � � � 
 � � 
 � �� �  ; <� � � � � � � � � ��

0

2

4

6

8

10

12

1 2 3 4 5

� 
 � ( ��� ) � ( � �� 


�
)*

=)


 #� � � � � �

E��� � -

E��� � 3



0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1 2 3 4 5 6 7 8

Observed

Blind1

Blind2

+ � �� � �� � � � � � � � � � ��� �� � � �� � ���

� � � � ��� � �� � � � �



� �  � � � � �  � � � �� � � �#� � �� � �� �� � � �� � ���� � � � ��� /�3@2FG2- . . <�

� � �
-1.000

0.000

1.000

2.000

3.000

4.000

5.000

6.000

7.000

0 5 10 15 20 25 30


 #� � � � � �

E��� � -

E��� � 3



� � + ) 
 	 + � ) 
 � � 
 	 

E��� � ��� � � ��- CF/F3 F/3F
E��� � ��� � � ��3 CF/. F F/F< F/31
� � ��#� � � �� � F/@. F/-N F/31

� � ���� � �� � � � �
� B�� � �� � �

+ � � � �� �



� � + ) 
 	 + � ) 
 � � 
 	 


7��� � � �� . � �� 5

E� � � �� � C-@/F. C- /G.

E� � � � � � � � CF/- . CF/-?

%� �� � � �� � � �� CF/?- � � � �

7��� � � �� . � �� �

E� � � �� � C1/?3 CG/G?

E� � � � � � � � CF/3- CF/-? C1/FG

%� �� � � �� � � �� CF/?F C@/N1

+
 ��� � 
 
 �� �

E� � � �� � C- /?< CF/@?

E� � � � � � � � CF/-N F/<1

%� �� � � �� � � �� CF/N< C. /F-

� B�� � �� � � �
� � � � � � � � � � �� � ��� �� � � �� �� �� 7

+ � � � �� �



� � + ) 
 	 + � ) 
 � � 
 	 


7��� � � �� . � �� 5

E� � � �� � C3F/-@ � � � �

E� � � � � � � � � � � � CF/N1

%� �� � � �� � � �� C- /1F C- /??

7��� � � �� . � �� �

E� � � �� � F/3F C- /N3

E� � � � � � � � C3/<F CF/G1

%� �� � � �� � � �� C- /1F CF/?N

+
 ��� � 
 
 �� �

E� � � �� � CF/1@ C1/- .

E� � � � � � � � CF/13 CF/1.

%� �� � � �� � � �� C1/GF CF/<@

� B�� � �� � � 2� � � � � � � � � � �� � ��� �� � � � � � 7 � � � �

+ � � � �� �



C1/NNF/. F� �  � � � � �  � �

C</G@F/<<+ � �� � �� � �

F/<.C1/3N� � ���� � �� � � � �

E
 
 
 ; � +

F/. FF/G3F/N<E� � � � � � � � �� �� � ��

F/<<F/<.F/-3E� � � �� � ��� �� � ��

F/??F/?-C?/@3� � ���� � �� � � � �

	 + � ) 
� � + ) 
� � 
 	 

 + � � +

� � � � �� � � � �� �� � � : � . 
 �	 � � � � � � � &� � � %/ � � � +� ! � 
 � � � &� %� ! �

� � � � �� � 	 � �� ) � %
 � � 
 
 � � � 7� �� ) � 
 � � 
 
 
 � � � 
 >�

! � �: � 
 � � � � � � 
 � � � � 	 �
 � � 
 � � � � � ( � � 
 � �



F/N?F/?1F/. G� �  � � � � �  � �

F/?.F/. <F/. GE� � � � � � � �

F/. @F/. 3F/. GE� � � �� �

F/?NF/. 1F/. 1� � ���� � � � � � � � � � �

F/?3F/3FF/<.� � ���� � �� � � � �

� � + ) 
� � 
 	 
 �� 3� � 
 	 
 �� -

� � � � �� � � � �� �� � � : � . 
 �	 � � � � � � � &� � � %� 
 � � � &� %� ! �

� � � � �� � 	 � �� ) � � � � � � ( � � � � 
 
 
 � � � 
 >�

! � �: � 
 � � � � � � 
 � � � � 	 �
 � � 
 � � � � � ( � � 
 � � >



� � � � �� � �� � �&- (

� !  � � � � � � � ��� �� � � 8� � � � � �� � � �  � 7 � �  � � � �  � � � � ��� � � �� � �

� � � � � � � � � � �  � � �  � � � � B
 � * � � � � � � �� �� � $� �� � � � � � �� #�� �

� � � � � � �� � �� � ��  � �� � � � C� � � �� �� � �� � � � /�

� � � � �� � � � � � �� � � � � � � � � � � � � � � � � � � � #� � 7 � � � � � � � � �� �� � � � � �

�� � ) ��  � � � � � � $� � � �� � � #� � � � � � � � � �� � � � � � #� � � � � � � #�� � � � �

� �� � �� � � �7 � � � � �#�  � � �� � � /�

� � � �� � � I � � 7 �� � � � � � � � � � � �� � � � � � �� � � � � � � � �  � �

� � � � � � � � � � � �� � �� � � � �� /�

� !  � � � � � � �� �� � � � � � � � � � � � � � � � � � �� � � �  � � � � ��� � � � �� � � � �

� � � � � � � � � � �� � �#� � �� � � ��  � �� �� ' �� � �� � � � � � 7 � � � � /



� � � � �� � �� � �&3(

� %� � �  � � � � � � �� � � � � � � � � � � � � � � � � �  � �� � � � � � �� � �� � � � #���� 8�

&� � � � �� � �� � � � � � � F/- �m� 2�� 7 ��  � � � � � � � � �� �� � �� � � � � � � �� � � � � �

� � � � � � �� (��  � �� �� � � � � � � � � � � �� � � �� � ����� � � � /

� E� � � �� � �  � � � � � � �� � � � � � � � � � � � � � � �� � � � � �� � � � � � � ' � � � � � � �

� � � � ���� � ��  � �� �� #���� 8�� � � �� �#� �� � � � �� � � � � �� � � � � � � #��



� � � � �� � �� � �&1(

M  89

- / � � � � � � � �� � � � � �� � �� � � ��� �� � � � �� �� � � �� � � � �� � � � �  

3/ 
 � � I � � � � � � � � � � � � � � � #�� � � � � � � � � �� � � �

� � � � � � � � � �� � � �� � ��

!  � � �� � � � � � � � � � � � �� � � � � � �� � � � � � � � � � � � � � � ��� 7 �� � �

( � : � �� 
 ��: � ?	 � 
 �� �
 � �� � � 
 ��� � 
 
 �� � �� � � � � � � � � �  � � � �� � �� �

� � � � �8��  � ��� � � � � /�



+ � � 
 %� + Q%
 � %



REGISTRAZIONE



# �� � � 
 �. � @5*A5A* � +� B� @<* � C* � +

� � 
 	 
 � � � �� � ( � � 
 �� �� � �� � � � � 
 � � � 
 � 	 � � 1

R � � . �� � � � � 
 
 � +� � � � � 
 � 
 
 �� � � � +�

R &� � � �� 
 � � � � . �� � � � � 
 
 � +� � � � � 
 � 
 
 �� � �
&� +�

�� � 
 �� / � � � �� 
 � � � D
 
 � � � E) � � 	 � � D
 
 � � 
 � � �
� 	 � � 
 � � D
 
 � � F>

� : � � �� �� � 
 	 � �� � 
 � � � � � � � ��



&� +'� 
 � � � � 
 �� 	 �
 
 � � � 
 � � 
 � � � � � � 
 � � � 
 � 	 
 � � 
 � � � � � � � � �� �

� G( � � 	 � � � D� �� � � � 
 : � � � � � G( � � � � 1

� � � � ; 
 
 � ) � 
 � � � ��� � � ) 
 � �� � � � E&� +� � ��F

� � � � ; 
 
 � ) � 
 � 
 H	 
 
 �� � � � ) 
 � �� � � E&� +� DF

� � 
 � / � 
 � �� 
 �� � 
 � � � � 
 � � � � � � � ; 
 
 � ) � 
 � � � ) 
 � �� � � E&� +
 �� F

� � � 
 � � 
 � � � � � � 
 � � � � G( � � 	 � � � � � �

� ) � � 	 � � D
 
 � � E&� +) DF

� � � � �� � � 
 E&� +� � � F



� � � � 	 � � 
 �� � � � � � �� 
 � � . 
 �� � � � � � 
 � � 
 
 � � � 
 � � 	 � 
 � � � �

( � � . �� � �

� �� �
 �
 �� E&� +�� �F I �� � � � �
 
 � �: � 
 � 
 � � � 
 � � � �
 � 
 � 
 ( ( ��� 
 
 �� �

� 
 � 
 	 
 �� E&� +
 � 
 F I � � � � � � 
 � 
 
 �� � � 
 � � D� �� � � 
 � � � � ) 
 � �� � �

D
 � � � G( � � � � � 
 
 � � � � 
 
 �� � 
 �� � � ( � �� 
 � � 
 � 
 � � � 
 � � � �
 � 
 �


 ( ( ��� 
 
 �� � � E� A/ � A2/ � @C� � � 	 � � F

� 
 �� � � D� �) � 
 � � � 
 . � � 
 ) � � E&� +
 D
 F I 
 . � � 
 ) � � � � � � � � 
 � 
 
 �� � �


 � � D� �� � � 
 � � � � ) 
 � �� � � D
 � � � G( � � � � � � 	 � �� ) � 
 � � � � 
 
 �� �

( � � �� � � � � � 
 �� � � 
 � 
 � � � 
 � � � �
 � 
 � 
 ( ( ��� 
 
 �� � � EJ / � 5A/ � � 5/ �

� 2� 
 � � � A� � � 
 : � F



Terrestrial

Acquatic

Benthic

EXPOSURE
(ECs& PECs )

RISK
(TER) 

EFFECTS
(NOEL,EC50, LD50)

Ecosystem

Weather

Soil

Agronomic data Pesticide ��
��

��S
�!

��
��

��
�

&-
..

?(
/��

��
��

��
��



��

��
�I

/�



� ! +" � �

E� ! � 	 � � � � � 
 � � � +� ; � � � �� 
 
 �� � � � � � ( � � 
 �� �� � � � 
 
 � �

� � � � �� � 
 � � � 
 � � �� � " � � F� D
 � � � � � � � � � �� � 5@@� 1

� 
 � � ( � � . �� � � ) 	 �� 
 � � � � 
 � � 
 � � � � � � � � � � � 
 
 
 � � / � 
 � � �

� 	 � � ( � 
 � � +� � � �� � �� � / � 
 � � � �� � 	 � 
 � : � � � � 
 � � � � � �� � � � �

� � � � ���� ) � �� � 
 � � � � " � � � ) �� 
 � 
 
 �� � � ( � � � � � � K�

� 
 � � ( � � . �� � � 
 � � �� � � � � � � � 
 �� 
 
 �� ) � � � . �� � � � � � 
 
 ��

� � � � � � 
 � 
 
 �� � � � � � � 
 � 
 �. � � � 	 � � 
 
 � � � � � � � � � 
 � � � ( 	 � ( � � � �

� � � 
 � � �� � 
 � � � � � � � � 
 � � � � � �� � �	 � �� � � �� � � � � � G� � >



FOCUS

� � * ��� �� �� � �� � �&� ; �� + � � 
 (
� � � � � � � � ,�� � � � �� � �� � �� � � �� � � +
� � � � � �� �� � � �� � ,

R ) � � �� � � � � �� � �+ � �  � � �� �� �
R + � � � � � �� �S�) � � � � � �  
R %� � � � � � 8

� 
 �� �� � � �� � �� ' � � � � � � �� � � �8� ��



FOCUS Organisation (1)

Leaching
Working Group

Surface Water
Working Group

Soil
Working Group

FOCUS
Steering group

Up to 1-1-1997



FOCUS Organisation (2)

Leaching/Soil
Scenarios

Surface Water
Scenarios

Version
Control

FOCUS
Steering group

Up to 1-1-2001



FOCUS Organisation (3)

Version
Control

Air Dissipation
Kinetics

Landscape
Mitigation

FOCUS
Steering group

After 1-7-2002



FOCUS in Time

Groundwater

Soil

Surface
water

Steering Committee

1-1-’94 1-1-’97 1-1-’00 1-1-’03

Groundwater/Soil
Scenarios

Surface water Scenarios

Version Control

Landscape
Mitigation

Dissipation
Kinetics

Air



� � � � � � ! � � � ! +" � � $ ! � 9� � � � � � ! " &

R # � . � �� ( � 
 � 
 �� � � � � � � H	 � � � � � � � � � G( � � 	 � � �


 � � � � � � � � 
 � 
 � ( � �

R # � . � �� ( � 
 � � � 
 � � � � � 
 
 � � 
 � � �� � � � � � � � ���� ) �

� � � � 
 � �� � � � � � � �� 
 � � �� ) / � � � �� 
 / � � � 
 �� 
 ) � � 
 � � �

� 	 � � � � � � � 
 � : � � � 	 
 � � � �� 
 � � � 	 � � 
 � � � D
 
 � �

R � 
 
 � � 
 � � � � � � � 
 � �� � � � 
 ��� 
 �� � � 	 
 � � � 
 � � � 
 �

R � 
 
 � � 
 � � �� � � �� ( 	 
 � ( 
 � 
 � � 
 � � � / � � 
 �� 	 �
 
 �� � �

( � � � � � 	 � � � / � 
 � � � �� 
 � � ( � � 
 
 
 �� � � � � � � � � 	 �
 � � � 
 � �

� ��� �� 
 
 � � 
 � � � �� � �	 � � � � � � � � 
 � � � � � � � �� � >�



� � � � � � � � � �

B
 � * � � &- . . G(/� 
 � � �  �� � � 	 � � � �� � � � � � � * � ) � � �� � � � � �� � /�
� � � � � � � � �� � � � �� � �� � �� � � � � � � � �@. G325%2. G

B
 � * � � &- . . <(/� � � ��� � � � � �� � � � � � � 	 � � � �� � � � � � � * �
) � � �� � � � � �� � /�� � � � � � � � �� � � � �� � �� � �� � � � � � � � �N<-N25%2. <

B
 � * � � &- . . N(/� � � � � � � � � M � � � � � 	 � � � �� � � � � � � * �
) � � �� � � � � �� � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � /� � � � � � � � � �
� � � � �� � �� � �� � � � � � � � �<@N<25%2. N

B
 � * � �&3FFF(/�6B
 � * � � � � � � � � 7 � � � � � � � � � � � �� � � �� � �  � � � * �
� �� � � � � � � � � � � �� � � � � � � � � � � � � � �� 7 � � � � � � � � : � ) � � � � � � � � � �  � �
B
 � * � � ; � � � � � 7 � � � � � � � � � � � �� � �M � � I � � � � � �� � � � � � � � � � � � �
) � � � � � � � � � � � � � 213-23FFF�- . N� �


 � � � � 
 � : � ( 
 ( � � * ( � � 
 � � �
( � � � � � 
 � � � �� � � �� � � � � � 
 � � : � ( � � �




STEP 1
1st Graduatoria

Soil DT50

Koc
Dose applicata

Standard
Scenario

STEP 2
Situazioni vulnerabili

Uso del
pesticidaSpecific Scenario

Sito-specifico Scenario

STEP 3
MIGLIORAMENTI NELL'USO

Dati lisimetrici
Prove di campo
Modelli calibrati

Uso sicuro ?

Uso sicuro ? SI - Nessun lavoro ulteriore

SI - Nessun lavoro ulteriore

NO

NO

ValutazioneValutazione del del rischiorischio con con approccioapproccio a a piùpiù stadistadi
PECgwPECgw



� � � � �� � � � -F�� � � � � � � � � � ��� � �� � � � � �� � � #�� � � �� � � � �
� � �� � � � ��� � � ����� ��� � � �� � � � ��  � � � � � � � � ��  � � � �� � � �
� � � �� �  � ,
R � � � � � � � � � � � � � � � � �� . F�O�� � � � � � � ��� �� � ��� �� �  ��

� � � � � � � � �� � � �� � � � � ��� � � �� �
R � � � � � � � � �� � � � � � � � �� �� � �� � �� � �� � � � � � � � �� � �� � ��� �

� � � � � ��� � � ��  �

� ! +" � � � $ 1� �
� . ��	 ( ( � � � � � � � 
 � �



Jokioinen

Hamburg

Kremsmünster

Piacenza

ThivaSevilla

Porto

Châteaudun

Okehampton



� � � 	 
 �� � � � 	 
 �� � � � 
 
 � � 

� � � ( >� � � � � � &�� ) ) �
 � � � � �
 	 � 
 � � � � � � � � � � ! � ) 
 � �� 


%� � 
 ��
 , EL+F� � � � � � � � E� � F E3 F
+� M
 � 
 	 � 	 � 55>� CA2� N� � � ��
 : � �
 : � �� 
 � � >A
6 
 � � 	 � ) @> J2C � 
 � � : � �� 
 � � � >C
O� =�� �� � � A>5 C� 2 �� 
 � : � � 
 � � J> 
9� � � � � P� � 
 � � 2>C @  �� 
 � * � ��
 � �� 
 � � >C
! =� � 
 � ( 
 � � 5 >� � � � � 5 � 2 �� 
 � � >2
&�
 � � � � 
 5� >� 2<J� N� � �� 
 � 5>J
&� � 
 � 5A>2� � � � 55< �� 
 � C>C
� � . ���
 5J>@ A@� � N� � � ��
 � �� 
 � 5>C
� � �. 
 5C>� <  � N� � �� 
 � 5>�

+
 � 
 
 
 � � �� 
 �� � � � � � � 	 � �� � � � � �� � ��� 
 ( � � � �� 5 � � � � � 
 � �



	 � � � ����� � � � � � � � � � � ��� � ��B
 � * � �� � � ��� �
� �� � �� � �� � � �� � ��� � � �� � � � � ��� �� � �� �

� � +� ! � A> 

&� %� ! � � >  

&� � � %

&� Q� ; � >�

+� � +9; � &� � > 

� %� � � � � � >5 

%� � +6 &� � >5

&� � � � � � � � >5

&%� � � > 

� � � " %� � � 5> 

� � � %� � +6 � � >�

$ � � � � � > 



# � � � � � Q� ! � � � # � � %� � � +� � � � �



CROP
(% of SAU)

Pesticide 
load

Weather Soils

Groundwater 
level

Agronomic 
practices

� � � � �� � ��� � � �� �

!  � � � � �� �� � � �

) � � � � � � � � � � �� � �� � � � � � �� �

� � � � �� ��� � � ��

- ,3GF/FFF�� �

- ,GF/FFF

; %�

+ � � � � �7 ��  �� � � � � � �� ��� �� I �� � �
� � � � � � �� � � �� �

	 � � � ��� � � ��� � � �� � �









� %+ � %B%� + Q%
 � � �
! � ) ) %! 
 ) %+ 
 �



+ ) � � �+ �) %� � " %


� � � ) � ! 
 �
 � ; %� 
 + ! %5
 �-N�� � � � � �- . . G��� /�5@A

+ � � � � � �� � � � � � ��� � � �� � � � �� � � . -2@-@2� � � � �� � � � � � � �� � � ��
�� � �� � �� � � ��� �� � � � � � � �� �� ��� � � � � � � ��� �� � � � � �� � � �

+ � � / G��� � � � � �3-

6� � � � � � � � � � � � � � � � ��� � � � � � � � �� � � � � � � � � �� � � �� � � � � � � �� � � � � � � � � �
� � � � � � � �� ��� 	 �� �� � � � � � � � ��4� � #�� � � � �� � � � � �� � � �� � ) � � �� � �� � � �� �
� � � � �� � �� � � � � � � � � � �� � � � �� �� � � � �� � � �� � � �� � � � � �4�� � �� �� � � � �� � �
� � ��� � � � � � � � � �� � � � #����� � � ��� � $� � ��� �� � ) � � �� � �� � � �� � � � � � �� � �� �
� � � � � � � � � � � � � � � � � �  �� � � � � � �4� � � ��� � � �� � � � �4� � � ��� � � �� � � � � � ��� �
��� �� � � �� � � � �� � ��� �� � � �� � �� � ��� ���� � �� � � T:



� � � ) � ! 
 �
 � ; %� 
 + ! %5
 �- - �� � � � �� �- . . . ��� /�5<�

� �� � � � �� �� � �� � � ��� � � � � � �� � � � ��� � � � $� � � � � ��4�� $� �� � � � � � � � � �
� � � � � �� � � � � � � ��� � � �� � � � �� � � . -23N-2� � � � � � � � � � � � � � � � ���
� � � � � � � � � � � � � � ��� � � � $� � � � � � �� � � � � #� � � � � � � � ��� � � �� � � � �� � �
. -2<N<2� � � � � � �� � �� � � � ��� � � � � � � � �� � � � � � ��� � � � $� � �
� � ��4�� $� �� � � � � � � � � � � � � � � � � � � � �� � �� � � � �� � � � � � � �� � � �� � � � � � � � ��
� � � �� � �� /

+ ) � � �+ �) %� � " %


+ � � �� � �� �3F,��Q� � � �� � �� � � � #����� � �� � � � � � � ��
� �� � � � � �� � � � � �� �� � � �� � � � �� � �� � � � #���



+ ��� � � � � �N��� � � � � �E,���Q� � � �� � �� � � � #����� � �� � � � � � � ��
� �� � � � � �� � � �

� /�
 /�-G32. .

- /���� � �� � � ��� � � ��4�� � �� �� � � � �� � � �� � ��� �� � � � �� � �� � � � #���

3/��+ � � � � � ��� � � � � � �� � �� �

1/� �+ � � � � � �� � � � � � � ��� � � � � �� � � � � � � � � � � �� � � � ��� � � � � � � � � � � �
�� � � � $� � � � � � � � � � � � � � � � � � � � � � � � � � �� �� � � � � �
� � �� � � � #���



+ ) � + � 5* 
 � � ) + E%
 � , $� � � � � � �4� � ���� � � � � �� � � � � �� � � � � � � � � ��
� � � � � � � �� � �� � � � � �� � � � � � � � � �� � � � ��
� � � � � �� � � � � � �� �� � �� � �� � �� �  �� �� �
� �� � � � � � �� � ��  � � � � � ��� � �� � �� � � � � � � � ��
� � #�� � � � ���� ��� � � � � �/

� /�
 /�-G32. .

� * � �B+ � %�� %�%� � %5%� * + Q%
 � � ,

- /�%� � � � �� � �� � � ��� �� � � � �� ��� �� � � � � � �� � � � � �&� ��� � � � � �E%%(

C� � �� � � � �� � � �� �� � � � � � � � � �� �� � �� � � � #���� � ��� � � �� � � � � � � � ���
� � $� �� � � �

C� � �� � � � �� � � �� � �� � � � #���� � �� � � � �� �� � ,� 6T/�� �� � � � ��� � �� � � �� ��
� � � � � � � � � �� �� ��� � �� � � � #���� � �� � � � �� �� � �� � � �� � �� � �� � � � ��
� � � � � � � � � �� ��� � ��� � � � � �� � �� ��� � � ��� �� ��  �� � � ��4� � � �� ��� � � � ����� �
� �� � �� � �� � � ��$� � ���� � �� � � � � �� �� ) Q	 3�� �� � � ! 
 + : /

3/�%� � � � �� � �� ��� � � � �� � �� � � � � � ��� �&� ��� � � � � �E%%%(



� � � �� �� �� � � �� � ��� � � #�� � � �S�� � �� � �� � � �� � ��� � � � ���

+ � � ��� � � �� � � �� ���� � ��� �� ��� � � � �

+ � � ��� � � �� � � �� �� � � �� �� � � �� � � ��

� � � � � � � � � �� � � �� � ��
� �� � �� � � �

+ � � � � � � � �� � � �� � �� � � ��� ��� � ��� � � �

�
��

��
��

��
��

��
��

�
��

��
���

��
��

� � � � � ! � � � Q� ! � � � # � � � +� %�

� � �

� � &&�

� 
 �	 
 
 � �� � � � � � ��
 � � � � 
 
 � �� 
 � �� � � � � ��
� � �) �� � � � �� � 	 � 
 � 
 � � � 
 �
 � � � ) �� � 
 ��



; %�

* � �� � � �#�� � � � �
&
 � � � � � � � � ��� � (

%
 � � � � � ���� 
 �� 
 � 
 � � �� � 
 
 �� � � 
 � 
 
 
 � � 	 �� � � �

; %� 	 
 � � 
 
 



 � � � � � �� � ��� � � � ���

� � � ��� ���� � � � �
� � ��� � � � ���

E� � � � �� � � �

	 
 � � 
 
 


; %� �S�
	 
 � � 
 
 


E� � � � �
� � � �

* � �� � � �� � � � � � � �
&! ��  � �� � � � ��� � (

* � �� � � �� � �� � �� � � � � � � �
&� �� � � � � � � ��� � (



%� � � �

 � + � " �


 � � � � �

7� � +� � # � � � �
� &� Q� � %�G

I

S

� � � ��� � � � �� � �� �
� ��� � � � �� � ��
* � � �� � ��� � � ��
%� � � �� � ��

7� � +� � # � � � �
� ! � �

� &� Q� � %�

� � � � � �� � � �� � ��
� � � � �� �� �

� � � � � �� � � �� � ��� �
� � �� � � �

� � � � � � � � ��
� � � �� � � �

* � �� � � �#�� � � � �
&
 � � � � � � � � ��� � (

B� � � �� � � �� �
� � � � � � � �� � �

	 � � � C� � � � ���

G
I
S


 � � �  �� � S�
� � � � � � ��

� ( ( ��� 
 � �� � � 1�
� � � � ��� � � 
 
 � � 
 
 �� � �
� �� ��� � �. �
 � �� � � � 
 �
� � 
 �
 � ( � � . �� � �
 ��



� � � ��� � � � �� � �� �,�1/1-<�� � � � ��� ��� � � � �� � � � � � � �

&� � � �� �- ,GF/FFF(



%� � � � � � �� � �� � � �� � � � � � � �� � �� � � � ��� � � � � � � � ��� � � � �� ��

� � � � � � � � �� � � � � �� �



� ��� � � � �� � �� ,�@�� � � � �� � ��� � � � � � � �� � ��  � �&- . . 3C- . . N(

<NFCNGF�
� � 2� � � �

NGFC?FF�
� � 2� � � �

?FFC?GF�
� � 2� � � �

?GFC. 1F�
� � 2� � � �



� � � � �� �� �� � � �� � ��� � � � �� � � ��

3N�� � �� � � � -?
���� �

3�I �



1F<�� �� � �� � �� � �



� � � " %� � � � � # � %%� � � � � " %� Q� ! � �

- . . 3���- . . 1���- . . @���- . . G���- . . <���- . . N

� �� � �� � �� � �

� � � ��� � � � �

+ � � ��� � � �� � � �
� � � � � �� �

M � � � C� �


 � � � � �

> � � � � �� � �� ��� � � � � �� � ��� � �� �� � � �� � �- �
� � � � � �� ��� � � � � � � �� � �&U� 2
 (

?FO��� �� � ��� �$� � � � �� � �� ��� � � � � �� � ��� � �� �� � � �
� � �- �� � � � � �� ��� � � � � � � �� � ��� �G�� � � �



) %� * 
 ! + ! %�&-(

� � � � � � � � � � �� � � �� � � � � �� ���� � �� �� � � �� � �- �� �� ��� � � � � � � �� � �
&� � �� � � �� � � �� �� ��<�� � � �(�

?1�6� � � � C� �� � � :



; � � ! %
 � � �+ Q%� � � + 
 �
6� * � + � :



� � ) � �
 � � � 
 � � E+� F� � >5� <J*5@@@� � � �� 5J*  <*5@@@

&� � � � # �

� � � � � � � �� � �� � � � �� � ��&@GFC. FF� � � � � 2" � (� � � � � � ��� � � � �� � �� � � �� �  � �

� � � � � � � � � �� � � � � �� � � � � � � � � � � � � � �� � � � � � � �� � � � �� � � � � �� � � � � �� � � �

� � � � � � �#��� �� � � ��� �� � � � �� �� �� � � ����� �� ��� � � � � � � � �� � ��4� � #�� � � � /

� �

� � �� � � � � � �� �� � � � � �� � � ��� � � � � � � � � �� � � � ��� � ��� � � � � �� � � �� � �  � �� �� � � � ���

� � � � � � �� � � � �� � � � � � � ��� � � � � � � �� � � � � �� � �� � � �� � � � � � � � �� � �� � � �

� � � � � � �� � ��
 � � �� � 
 
 �� � �� � � �� �� �&� � � /�@- �� �@1(/



• Perché servono indicatori di rischio per i 
pesticidi?

l come supporto alle decisioni per gli 
agricoltori

l per migliorare le decisioni nelle procedure 
di gestione del rischio

l a livello aziendale (p.e. etichetta verde)
l a livello regionale, nazionale (p.e. 

valutazione delle scelte di politica agricola)



Requisiti di un indicatore
• dare informazioni su rischi differenti
• essere in accordo con le procedure per 

la registrazione dei prodotti fitosanitari
• validato
• flessibile nell’uso
• inseribile in un sistema di supporto alle 

decisioni di una azienda agricola



L’indicatore si basa sul rapporto tra i PEC 
stimati su scala locale con i dati 

tossicologici  di breve periodo in modo 
da tener conto dei rischi potenziali di 

organismi non bersaglio (lombrichi, pesci , 
alghe e crostacei) nell’acqua, suolo ed 

aria a scala locale



Step
1

Determinazione 
dei PEC usando 

appropriati modelli

2
Scelta dei parametri 

tossicologici sulla base degli 
organismi non bersaglio e dei 

pesticidi

3
Calcolo dei TER

4
Parametrizzazione con 
il calcolo dei valori RP

5
Calcolo di EPRIP

6
Classificazione di EPRIP

Risultati
5 valori di PEC, uno per ogni 

fenomeno considerato: 
percolazione, deriva, runoff, 
persistenza, volatilizzazione

Limite di legge per acque potabili 
EC50 per alghe e Daphnia
LC50 per pesci e lombrichi

LC50 per inalazione dei ratti

9 TER dei quali 6 per le acque 
superficiali. Utili per una valutazione per 

singolo compartimento

Valore di EPRIP compreso tra 1 e 875

9 valori di RP da 1 a 5

6 classi di rischio
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AZIENDA

Colture
Elenco

Parassiti/infestanti
Elenco

Formulati
Elenco

Pratiche agronomiche

Tempi di applicazione

Stazione meteo

•EPRIP r isultati

IMPATTO AMBIENTALE

EFFICACIA

Operatore
Matematico

Classifica delle miglior i 
strategie di intervento

COSTI


