
INDICE

  XI  Prefazione 
    di Giordano Urbini
 XIII" 73+$109:,13)

  3  CAPITOLO 1"-";,'(,%4,"0,"'(,4,'%")"/,1<1=,%
  di Roberta Pedrazzani

  4" >?>" @A%'B9,C,:,13)")"<A9+,<,::1"0)<"0%+1"CD)$,4)3+%<)
  10" >?E" @A)CD$)CC,13)"0)<<%"4,C9$%")"<)"',F$)"C,=3,&'%+,G)
  12" >?H" @)"93,+I"0,"4,C9$%
  12" >?J" K14)")CD$,4)$)"<)"'13')3+$%:,13,
"" ">?J?>"L3,+I"0,"'13')3+$%:,13)"/%C%+)"C9<<%"4%CC%M"D?">H -">?J?E"L3,+I"0,"'13')3+$%:,13)"
/%C%+)"C9<"G1<94)")"C9<<%"41<)M"D?">J"-">?J?H"L3,+I"0,"'13')3+$%:,13)"/%C%+)"C9<<%"D$)C
C,13)M"D?">N"-">?J?J"@%"31$4%<,+I!"93,+I"0,"'13')3+$%:,13)"/%C%+%"C9=<,")B9,G%<)3+,M"D?">O

  18" >?P" K,3)+,'%"0)<<)"$)%:,13,
"" ">?P?>"Q)<1',+I")"1$0,3)"0,"93%"$)%:,13)M"D?">R"-">?P?E"S$0,3)"0,"$)%:,13)")"C+)'(,14)
+$,%M"D?">T"-">?P?H"K,3)+,'%"0)<<)"$)%:,13,"/,1<1=,'()M"D?"EU"->?P?J"V)+)$4,3%:,13)"CD)
$,4)3+%<)"0)<<A1$0,3)"0,"93%"$)%:,13)M"D?"E>"-">?P?P"@A)FF)++1"0)<<%"+)4D)$%+9$%M"D?"EJ"
-">?P?N"W3)$=,%"0,"%++,G%:,13)")"'%+%<,::%+1$,M"D?"EJ"

  25" >?N" "7<"'13')++1"0,")B9,<,/$,1"'(,4,'1!"'%C,"%DD<,'%+,G,
"" ">?N?>"@%"G1<%+,<,+IM"D?"EP"-">?N?E"@%"$,D%$+,:,13)"<,B9,01X%$,%M"D?"EN"-">?N?H"#<,")B9,<,/$,"
%',01Y/%C)M"D?"ER"-">?N?J"7<"D$101++1"0,"C1<9/,<,+IM"D?"H>"-">?N?P"@%"$,D%$+,:,13)"C1<,01X
%'B9%M"D?"HE

  34" >?O" K)33,"0,"/,1<1=,%!"'()"'1C%"C131"=<,")CC)$,"G,G)3+,Z
"" ">?O?>" [$1'%$,1+," )0" )9'%$,1+,M" D?" HO" -" >?O?E"@%" '<%CC,&'%:,13)" 0)=<," )CC)$," G,G)3+,!" 
93"D$1/<)4%"%3'1$%"%D)$+1M"D?"JU

  41" ">?R" \<'93,"1$=%3,C4,"0,"$,<)G%3:%"3)<<%"D$%+,'%"0)<<A73=)=3)$,%"C%3,+%$,%Y%4
/,)3+%<)

"" ">?R?>"7"*%++)$,M"D?"JE"-">?R?E"7"[$1+1:1,M"D?"JJ"-">?R?H"7"]93=(,M"D?"JO-">?R?J"6)+%:1,M"D?"JR"
-">?R?P"@)"\<=()"&+1D<%3'+13,'()M"D?"JT"-">?R?N"@)"6%'$1&+)M"JT"-">?R?O"7"G,$9CM"D?"P>

  51" >?T" *,1'13')3+$%:,13)M"/,1%''949<1")"/,14%=3,&'%:,13)
  52" >?>U" #<,",30,',"/,1+,',
  53" >?>>" K)33,"0,"+1CC,'1<1=,%"%4/,)3+%<)

  56" WC)$',:,
  57" Q)$,&'%"0)<<A%DD$)30,4)3+1
  58" *,/<,1=$%&%

 00 Prime pagine    I-.indd   5 23/05/12   10.50



VI I n d i c e

  60  CAPITOLO 2"-"[1+%/,<,::%:,13)!"B9%<,+I"0)<<A%'B9%")"C'()4,",4D,%3+,C+,',
  di Sabrina Sorlini

  61" E?>" \'B9)"3%+9$%<,")"','<1"/,1=)1'(,4,'1
  62" E?E" [%$%4)+$,"0,"B9%<,+I"&C,'%")"1$=%31<)++,'%
"" "E?E?>"K1<1$)M"D?"NH"-"E?E?E"S01$)")"C%D1$)M"D?"NH"-"E?E?H"^1$/,0,+IM"D?"NJ"-"E?E?J"^)4
D)$%+9$%M"D?"NJ"-"E?E?P"K1309',/,<,+I")<)++$,'%"CD)',&'%M"D?"NJ

  65" E?H" [%$%4)+$,"0,"B9%<,+I"'(,4,'%")"'(,4,'1Y&C,'%
"" "E?H?>"D_M"D?"NP"-"E?H?E";)C,091"&CC1"%">RU"`KM"D?"NP"-"E?H?H"V9$)::%M"D?"NN"-"E?H?J"\<
'%<,3,+IM"D?"NT"-"E?H?P"713,"'<1$9$1M"C1<F%+1M"3,+$%+1M"3,+$,+1")"%4413,1M"D?"O>"-"E?H?N"71
3,"'%<',1M"4%=3)C,1M"C10,1")"D1+%CC,1M"D?"OE"-"E?H?O"])$$1")"4%3=%3)C)M"D?"OJ"-"E?H?R"
[,14/1M"$%4)M"'%04,1M":,3'1")"%<<94,3,1M"D?"OJ"-"E?H?T"21++1D$101++,"0,"0,C,3F):,13)M"
D?"OP"-"E?H?>U"K14D1C+,"1$=%3,',M"D?"OP

  76" E?J" [%$%4)+$,"0,"B9%<,+I"4,'$1/,1<1=,'%
  79" E?P" ^,D1<1=,)"0,"F13+,",0$,'()"D)$"<A%DD$1GG,=,13%4)3+1",0$1D1+%/,<)
"" "E?P?>"\'B9)"0,"D1::1"D$1F130)M"D?"OT"-"E?P?E"\'B9)"0,"D1::1"C9D)$&',%<,M"D?"OT"-"E?P?H"
\'B9)"C9D)$&',%<,"'1$$)3+,M"D?"OT"-"E?P?J"\'B9)"C9D)$&',%<,"0,"<%=(,")"C)$/%+1,"%$+,&
',%<,M"RU"-"E?P?P"K%$%++)$,C+,'()"B9%<,+%+,G)M"D?"R>

  83" E?N" K$,+)$,"0,"C')<+%"0),"+$%++%4)3+,"0,"D1+%/,<,::%:,13)
"" "E?N?>"K$,+)$,"0,"C')<+%"0),"+$%++%4)3+,",3"F93:,13)"0)<<%"B9%<,+I"0)<<A%'B9%M"D?"RJ"-"E?N?E"
2'()4,"0,"+$%++%4)3+1"D)$"<)"%'B9)"0,"C9D)$&',)M"D?"RN"-"E?N?H"2'()4,"0,"+$%++%4)3+1"
D)$"<)"%'B9)"C1++)$$%3))M"D?"RR

  90" WC)$',:,
  91" Q)$,&'%"0)<<A%DD$)30,4)3+1
  92" *,/<,1=$%&%

  93  CAPITOLO 3"-"[1+%/,<,::%:,13)"0)<<)"%'B9)!"+$%++%4)3+,
  di Sabrina Sorlini

  94  3.1  Pretrattamenti
"" "H?>?>"\''949<1M"D?"TP"-"H?>?E"S41=)3),::%:,13)M"D?"TP"-"H?>?H"#$,=<,%+9$%M"D?"TP"-"
H?>?J"6%'$1C+%'',%+9$%M"D?"TN"-"H?>?P"6,'$1C+%'',%+9$%M"D?"TN

  96" H?E" 2)0,4)3+%:,13)
  98" H?H" ],<+$%:,13)
"" H?H?>"],<+$%:,13)"=$%39<%$)M"D?"TR"-"H?H?E"],<+$%:,13)"C9"4)4/$%3%M"D?">UP

106" H?J" K(,%$,a1''9<%:,13)
112" H?P" \0C1$/,4)3+1
126" H?N" " 2'%4/,1",13,'1
127" H?O" SCC,0%:,13)"'(,4,'%
"" "H?O?>"K<1$1M"D?">ER"-"H?O?E"*,1CC,01"0,"'<1$1M"D?">HE"-"H?O?H"S:131M"D?">HP"-"H?O?J"\<+$,"
1CC,0%3+,M"D?">HN"-"H?O?P"SCC,0%:,13)"'(,4,'%"%G%3:%+%M"D?">HO

139" H?R" V,C,3F):,13)
""" "H?R?>"6)''%3,C4,"0,"0,C,3F):,13)M"D?">JU"-"H?R?E"K,3)+,'()"0)<"D$1')CC1M"D?">JU"-"H?R?H"
K13F$13+1"+$%"=<,"1CC,0%3+,M"D?">JH

146  APPENDICE A"-"^)1$,%"0)<<%"'1%=9<%:,13)Ya1''9<%:,13)
  di Piero Sirini e Agostina Chiavola

154" WC)$',:,

 00 Prime pagine    I-.indd   6 23/05/12   10.50



 I n d i c e  VII

156" Q)$,&'%"0)<<A%DD$)30,4)3+1
157" *,/<,1=$%&%

159  CAPITOLO 4"-"\'B9)"0,"C'%$,'1!"'%$%++)$,C+,'()")"F)314)3,"0,",3B9,3%4)3+1
  di Maria Cristina Collivignarelli e Piero Sirini

160" J?>" 2'%$,'(,"',G,<,")",309C+$,%<,!"'%$%++)$,C+,'()"B9%3+,+%+,G)
"" "J?>?>"2+,4%"0)<<)"D1$+%+)",3"$)<%:,13)"%<"F%//,C1=31",0$,'1M"D?">NU"-"J?>?E"]13+,"0,"%'
B9)"$)a9)")"D1$+%+)M"D?">N>"

165  J?E" K%$%++)$,C+,'()"B9%<,+%+,G)"0)<<)"%'B9)"0,"C'%$,'1
"" "J?E?>"[%$%4)+$,"&C,',")"1$=%31<)++,',M"D?">NP"-"J?E?E"[%$%4)+$,"'(,4,',M"D?">OU"-"J?E?H"
[%$%4)+$,"/,1<1=,',M"D?">OP"-"J?E?J"K14D1C,:,13)"0)<<)"%'B9)"$)a9)M"D?">ON

178" J?H" ])314)31<1=,%"0)<<A,3B9,3%4)3+1
"" J?H?>"]1$4)"0,",3B9,3%4)3+1M"D?">OT"-"J?H?E"W9+$1&::%:,13)M"D?">RU

187" J?J" \9+10)D9$%:,13)"0),"'1$C,"0A%'B9%

202" WC)$',:,
203" Q)$,&'%"0)<<A%DD$)30,4)3+1
203" *,/<,1=$%&%

206  CAPITOLO 5" \'B9)"0,"C'%$,'1!",4D,%3+,"0,"+$%++%4)3+1
   di Gianni Andreottola, Giorgio Bertanza, Maria Cristina Collivignarelli  

e Paola Foladori

206" P?>" 2,C+)4,"0,"+$%++%4)3+1"0)<<)"%'B9)"0,"C'%$,'1"9$/%3)
209" P?E" [$,3',D,"0)<<%"0)D9$%:,13)"/,1<1=,'%
"" "P?E?>";91<1"0),"4,'$1$=%3,C4,M"D?"EUT"-"P?E?E"K,3)+,'()"0)<<%"/,14%CC%"/%++)$,'%M"D?"E>>

216" P?H" K13&=9$%:,13,"0)=<,",4D,%3+,"0,"0)D9$%:,13)
"" "P?H?>"[$)Y+$%++%4)3+,"&C,'1Y4)''%3,',M"D?"E>R"-"P?H?E"2)0,4)3+%:,13)"D$,4%$,%M"D?"EEU"
-"P?H?H"7<"'14D%$+1"%"F%3=(,"%++,G,M"D?"EE>"-"P?H?J";,41:,13)"0),"39+$,)3+,M"D?"EEP"-"
P?H?P"2)0,4)3+%:,13)"C)'130%$,%"-"P?H?N"],<+$%:,13)"&3%<)M"D?"EH>

233" P?J" ^$%++%4)3+1"0),"F%3=(,"0,"0)D9$%:,13)
"" "P?J?>"7CD)CC,4)3+1M"D?"EHP"-"P?J?E"V,=)C+,13)"%3%)$1/,'%M"D?"EHR"-"P?J?H"2+%/,<,::%:,1
3)"%)$1/,'%M"D?"EJ>"-"P?J?J"V,C,0$%+%:,13)"4)''%3,'%M"D?"EJ>"-"P?J?P"WCC,''%+1$,"+)$4,
',M"D?"EJ>

250" P?P" [$1/<)4%+,'()"=)C+,13%<,
"" "P?P?>"2,=3,&'%+1")",4D1$+%3:%"0)<<%"=)C+,13)"b"0,"D$1')CC1"cM"D?"EPU"-"P?P?E"7<"413,+1
$%==,1M"D?"EPE"-"P?P?H"@)"G)$,&'()"0,"F93:,13%<,+IM"D?"EPH

256  APPENDICE B – ^)1$,%"0)<<%"C)0,4)3+%:,13)
  di Piero Sirini

265" WC)$',:,
267" Q)$,&'%"0)<<A%DD$)30,4)3+1
268" *,/<,1=$%&%

270  CAPITOLO 6"-";,&9+,!"+,D1<1=,)")"'%$%++)$,C+,'()
  di Piero Sirini

270" N?>" ^,D1<1=,)"0,"$,&9+,")0")G1<9:,13)"0)<<%"=)C+,13)

 00 Prime pagine    I-.indd   7 23/05/12   10.50



VIII I n d i c e

272" N?E" S$,=,3)M"+,D1<1=,)")"'14D1C,:,13)"4)$')1<1=,'%"0),"$,&9+,"9$/%3,
"" N?E?>"S$,=,3)")"+,D1<1=,)M"D?"EOE"-"N?E?E"K14D1C,:,13)"4)$')1<1=,'%M"D?"EOH

274" N?H" [$1D$,)+I"&C,'()M"'(,4,'()")"/,1<1=,'()"0),"$,&9+,"9$/%3,
"" "N?H?>"[$1D$,)+I"&C,'()M"D?"EOJ"-"N?H?E"[$1D$,)+I"'(,4,'()M"D?"EOT"-"N?H?H"[$1D$,)+I"/,1
<1=,'()M"D?"ERP

287" N?J" 21C+%3:)"D)$,'1<1C)"3),"$,&9+,"9$/%3,
"" "N?J?>"[$1D$,)+I")"+,D1<1=,)"0)<<)"C1C+%3:)"D)$,'1<1C)M"D?"ERO"-"N?J?E"#)C+,13)"0)<<)"C1
C+%3:)"D)$,'1<1C)"D$)C)3+,"3),"$,&9+,"9$/%3,M"D?"ERR

295  APPENDICE C –""21C+%3:)"D)$,'1<1C)"D$101++)"0%"%++,G,+I"'144)$',%<,M",309C+$,%
<,")0"%=$,'1<)"'()"C,"$,+$1G%31"3),";L%

298" WC)$',:,
299" Q)$,&'%"0)<<A%DD$)30,4)3+1
300" *,/<,1=$%&%

301  CAPITOLO 7"-";,&9+,!"$%''1<+%M"$)'9D)$1")"C4%<+,4)3+1
  di Giorgio Bertanza, Agostina Chiavola, Marco Ragazzi e Piero Sirini

301" O?>" [$109:,13)")"$%''1<+%"0),"$,&9+,"9$/%3,
"" "O?>?>"[$109:,13)"0,"$,&9+,M"D?"HU>"-"O?>?E"6)+101<1=,)")"C+$94)3+,"D)$"<%"G%<9+%:,13)"
0)<<)"B9%3+,+IM"D?"HUE"-"O?>?H"2,C+)4,"0,"$%''1<+%"0),"$,&9+,"9$/%3,M"D?"HUT

311" O?E" L3,+I"0,"C)D%$%:,13)M"+$%++%4)3+1")"+$%CF1$4%:,13)"0),"$,&9+,"9$/%3,
"" O?E?>"@)"1D)$%:,13,"93,+%$,)"D)$"<%"C)D%$%:,13)")",<"+$%++%4)3+1"0),"$,&9+,M"D?"H>P

322" O?H" ^)'31<1=,)"0,"'13G)$C,13)"/,1<1=,'%")"'(,4,'%"0),"$,&9+,
"" O?H?>"K14D1C+%==,1M"D?"HEE"-"O?H?E"V,=)C+,13)"%3%)$1/,'%M"HEP

328" O?J" ^)'31<1=,)"0,"'13G)$C,13)"+)$4,'%"0),"$,&9+,
"" "O?J?>"^)'31<1=,)"0,"'14/9C+,13)M"D?"HER"-"O?J?E"^)'31<1=,)"%<+)$3%+,G)"%<<%"'14/9
C+,13)M"D?"HHH"-"O?J?H"K$,+)$,"0,"=)C+,13)"0)<<)")4,CC,13,M"D?"HHJ

337" O?P" V,C'%$,'%"'13+$1<<%+%
"" "O?P?>"^,D1<1=,)"0,"0,C'%$,'()M"D?"HHO"-"O?P?E"[)$'1<%+1!"'%$%++)$,C+,'()M"D$109:,13)")"
'13+$1<<1M"D?"HJE"-"O?P?H"K14D1C,:,13)M"D$109:,13)")"'13+$1<<1"0)<"/,1=%CM"D?"HJH

344" O?N" [$1/<)4%+,'()"0,"=)C+,13)"0,"%<+$)"+,D1<1=,)"0,"$,&9+,
"" O?N?>"7"F%3=(,"0,"0)D9$%:,13)M"D?"HJJ"-"O?N?E";,&9+,"<,B9,0,M"D?"HJR

352  APPENDICE D"-"K%$%++)$,C+,'()"0,"D)$,'1<1"D)$","$,&9+,
  di Piero Sirini e Agostina Chiavola

353" WC)$',:,
354" Q)$,&'%"0)<<A%DD$)30,4)3+1
354" *,/<,1=$%&%

356  CAPITOLO 8"-";,C%3%4)3+1"0,"C,+,"'13+%4,3%+,
  di Mentore Vaccari e Maria Chiara Zanetti

356" R?>" 2,+,"'13+%4,3%+,!"0)&3,:,13)M"'%$%++)$,::%:,13)")"%<+)$3%+,G)"0,",3+)$G)3+1
"" "R?>?>"K$,+)$,"0,"B9%<,+I"0),"C91<,M"D?"HPO"-"R?>?E"K%$%++)$,::%:,13)"0),"C,+,"'13+%4,3%+,M"
D?"HNU"-"R?>?H"73+)$G)3+,"0,"/13,&'%")"0,"4)CC%",3"C,'9$)::%M"D?"HNJ"-"R?>?J"6,=<,1$,"
+)'3,'()"0,CD13,/,<,"56^V8M"D?"HNN

367" R?E" 7<"C91<1"'14)"C,C+)4%"49<+,F%C)
"" R?E?>"[$1D$,)+I"0)<<%"F%C)"C1<,0%M"D?"HNR"-"R?E?E"[$1D$,)+I"0)<<%"F%C)"<,B9,0%M"D?"HOH

 00 Prime pagine    I-.indd   8 23/05/12   10.50



 I n d i c e  IX

379" R?H" ^)'3,'()"0,",C1<%4)3+1
"" "R?H?>"2,C+)4,"0,"'1D)$+9$%"C9D)$&',%<)M"D?"HRU"-"R?H?E"2,C+)4,"0,"'13+)3,4)3+1"D)$,4)
+$%<)M"D?"HR>

385" R?J" \<+)$3%+,G)"0,",3+)$G)3+1!"$,C%3%4)3+1"0),"+)$$)3,
    8.4.1  Soil  vapour  extraction  e  bioventingM" D?" HRN" -" R?J?E" @%G%==,1" ,3" C,+9" 5soil 
!"#$%&'8M"D?"HTU"-"R?J?H"*,1D,<)")"landfarmingM"D?"HTE"-"R?J?J"21,<"d%C(,3=M"D?"HTN

403" R?P" \<+)$3%+,G)"0,",3+)$G)3+1!"$,C%3%4)3+1"0)<<%"F%<0%
"" "R?P?>"[$,3',D,"=)3)$%<,"0)<"Pump & Treat"5[e^8M"D?"JUH"-"R?P?E"\,$"2D%$=,3="5\28M"
D?"JUJ"-"R?P?H"*,1CD%$=,3="5*28M"D?"JUN"-"R?P?J"*%$$,)$)"[)$4)%/,<,";)%++,G)"5[;*8M"
p. 407

412" R?N" \3%<,C,"0,"$,C'(,1"C%3,+%$,1Y%4/,)3+%<)
"" "R?N?>"\$+,'1<%:,13)",3"F%C,M"D?"J>H"-"R?N?E"\$+,'1<%:,13)",3"<,G)<<,"0,"%DD$1F130,4)3+1M"
D?"J>H-"R?N?H"2G,<9DD1"0)<<%"D$1')09$%"0,"%3%<,C,"0,"$,C'(,1M"D?"J>J

418" WC)$',:,
418" Q)$,&'%"0)<<A%DD$)30,4)3+1
419" *,/<,1=$%&%

422  CAPITOLO 9"-"73B9,3%4)3+1"%+41CF)$,'1
  di Marco Ragazzi

423" T?>" \CD)++,"F)314)31<1=,',
"" "T?>?>"241="F1+1'(,4,'1M"D?"JEH"-"T?>?E"WFF)++1"C)$$%M"D?"JEJ"-"T?>?H"[,1==)"%',0)M"D?"
JEJ"-"T?>?J"*9'1"0)<<A1:131M"D?"JEP

426" T?E" 73B9,3%3+,")"<1$1")FF)++,
"" "T?E?>"[1<G)$,"%+41CF)$,'()M"D?"JEN"-"T?E?E"2S2"/,1CC,01"0,":1<F1M"D?"JET"-"T?E?H"fSx"-"
1CC,0,"0,"%:1+1M"D?"JET-"T?E?J"KSQf6"-"'14D1C+,"1$=%3,',"G1<%+,<,"313"4)+%3,',M"D?"
JET"-"T?E?P"KS"-"4131CC,01"0,"'%$/13,1M"D?"JHU"-"T?E?N"KS2"-"%3,0$,0)"'%$/13,'%M"D?"
JHU-"T?E?O"f_3"-"%4413,%'%M"D?"JHU"-"T?E?R"f2S"-"D$1+1CC,01"0,"%:1+1M"D?"JH>"-"T?E?T"
[KVVX]M"D?"431

437" T?H" 73G)3+%$,"0)<<)")4,CC,13,
438" T?J" 610)<<,C+,'%"0,"0,CD)$C,13)
445" T?P" [,%3,"0,"B9%<,+I"0)<<A%$,%
446" T?N" 21<9:,13,"D$)G)3+,G)
"" "T?N?>"S++,4,::%:,13)"0)<<A9C1"0)<<A%9+1M"D?"JJN"-"T?N?E";,CD%$4,1")3)$=)+,'1")0")F&
',)3:%")3)$=)+,'%M"D?"JJO-"T?N?H"W3)$=,%"C1<%$)M"D?"JJO"-"T?N?J"[$)G)3:,13)"3)<<%"=)3)
$%:,13)"0,",3B9,3%3+,"0%"F13+,"D93+9%<,M"D?"JJR

449" T?O" ^$%++%4)3+1"0)=<,")Fa9)3+,"=%CC1C,
""" "T?O?>"[%$+,'1<%+1M"D?"JPU"-"T?O?E"#%C"%',0,M"D?"JPH"-"T?O?H"SCC,0,"0,"%:1+1M"D?"JPH"-"T?O?J"
6,'$1,3B9,3%3+,M"D?"JPJ

457" T?R" 73B9,3%4)3+1"indoor

460  APPENDICE E – Aspetti normativi
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