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LQVLMFJ!&!FH/UT"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"!K"

MFM!JL/UV!L"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"K"

YHM!JF"MF"/LPELT"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"K!!!"

YHM!JF"MF"X!QRVLT"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"Z!"

T!QELT"#"LPVFK!L/RVLT"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"Z!K"

VFTR&FH"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"ZK"

TR&&LV#"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"ZK!"

CAPÍTULO 1"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"["

INTRODUCCIÓN"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"["

1.1" JUSTIFICACIÓN"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"["

1.2" OBJETIVO GENERAL"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"\"

1.3" OBJETIVOS ESPECÍFICOS"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"\"

CAPÍTULO 2"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"]"

INVESTIGACIÓN BIBLIOGRÁFICA"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"]"

2.1" ALTERNATIVAS DE TRATAMIENTO DE LODOS PROVENIENTES DE 

FONDOS DE TANQUES DE ALMACENAMIENTO DE PETRÓLEO CRUDO"DDDDDDDDD"]"

2.1.1" TRATAMIENTOS BIOLÓGICOS"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"̂ "

2.1.2" TRATAMIENTOS TÉRMICOS"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"_"

2.1.3" TRATAMIENTOS FÍSICOS/QUÍMICOS"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"_"

2.2" TRATAMIENTOS QUÍMICOS PARA REDUCCIÓN DE 

HIDROCARBUROS TOTALES"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"̀ "

2.2.1" PERMANGANATO"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"̀ "

2.2.2" OZONO"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"a"

2.2.3" PERÓXIDO DE HIDRÓGENO"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"a"

2.3" REACTIVO FENTON"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"b"
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"

2.4" CINÉTICA DEL PROCESO"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"[c"

2.4.1" FACTORES QUE INFLUYEN EN EL SISTEMA FENTON"DDDDDDDDDDDDDDDDDDDDD"[]"

CAPÍTULO 3"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"[`"

INVESTIGACIÓN DE CAMPO"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"[`"

3.1" CARACTERIZACIÓN INICIAL DE LA CONCENTRACIÓN DE 

CONTAMINANTES EN LA MUESTRA COLECTADA"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"[`"

3.2" APLICACIÓN DE DIFERENTES CONCENTRACIONES DE      

REACTIVO FENTON"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"[b"

3.2.3 APLICACIÓN DE REACTIVO FENTON EN LOS DIFERENTES 

TRATAMIENTOS"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"cd"

3.3" ANÁLISIS DE LA CONCENTRACIÓN DE TPH"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"c^"

3.4" DETERMINACIÓN DE LA EFICIENCIA DE LA REMOCIÓN DE          

TPHS………………….."DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"c_"

CAPÍTULO 4"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"c`"

RESULTADOS Y DISCUSIÓN"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"c`"

4.1" CARACTERIZACIÓN INICIAL"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"c`"

4.2" RESULTADOS DE LOS ENSAYOS"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"ca"

4.2.1" PRE TRATAMIENTO"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"ca"

4.2.2" TRATAMIENTO 1 – T1"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"cb"

4.2.3" TRATAMIENTO 2 – T2"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"\\"

4.2.4" TRATAMIENTO 3 – T3"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"\_"

4.2.5" COMPARACIÓN GENERAL"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"]d"

4.2.6" ANÁLISIS CROMATOGRÁFICO"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"]c"

4.2.7" ESTIMACIÓN DE COSTOS Y TIEMPOS DE TRATAMIENTO"DDDDDDDDDDDDDD"]b"

CONCLUSIONES Y RECOMENDACIONES"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"̂ ["

5.1" CONCLUSIONES"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"̂ ["

5.2" RECOMENDACIONES"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"̂ c"

VFXFVFHJ!LT"P!PE!UQVeX!JLT"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"̂ \"

ANEXOS"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"̂ a"
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/LPEL"cD["&f/UMUT"MF"VF&FM!LJ!WH%"JUT/UT"#"MRVLJ!WH"

L,VUZ!&LMUT"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"̂ "

/LPEL"cDc"VFLJ/!K!MLM"MF"XFH/UH"JUH"JUH/L&!HLH/FT""""

JU&RHFT"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"[d"

/LPEL"cD\",VU,!FMLMFT"MF"JU&,RFT/UT"!HKUERJVLMUT"FH"""""""""""

FE"VFLJ/!KU"XFH/UH"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"[["

/LPEL"cD]"LEQRHLT"FT,FJ!FT"VFLJ/!KLT"FH"EL"VFLJJ!WH""""""

XFH/UH%"TR",U/FHJ!LE"FT/eHMLV"MF"VFMRJJ!WH"FU%"""""""""

VLHQU"MF"01"#"XRHJ!WH"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"[["

/LPEL"cD^",U/FHJ!LEFT"MF"VFMRJJ!WH"MF"FT,FJ!FT"MF""""""

VFLJJ!WH"FH"T!T/F&LT"MF"UZ!MLJ!WH"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"[c"

/LPEL"cD_"JUHJFH/VLJ!WH"MF",FVWZ!MU"#"VFELJ!UHFT""

LMFJRLMLT"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"[_"

/LPEL"\D["JUHM!J!UHFT"MF",VFg/VL/L&!FH/U"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"[b"

/LPEL"\Dc"!MFH/!X!JLJ!WH"MF"/VL/L&!FH/UT"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"c["

/LPEL"\D]"JUHM!J!UHFT"FZ,FV!&FH/LEFT"X!SLT"MF"EUT""""""""

FHTL#UT"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"c]"

/LPEL"]D["LHeE!T!T"hRY&!JU"MF"&RFT/VL"!H!J!LE"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"c`"

/LPEL"]Dc"JUHJFH/VLJ!WH"!H!J!LE"MF"/,1T"MF"EL"&RFT/VL"#"

JUHJFH/VLJ!WH"UP/FH!ML"ERFQU"MF"EL"L,E!JLJ!WH"MF""""""""""""

EL"L,E!JLJ!WH"MFE"TF,LVLMUV"MF"XLTFT"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"ca"

/LPEL"]D\"JUHJFH/VLJ!WH"MF"/,1T"#"i"MF"VF&UJ!WH"FH"FE"

/VL/L&!FH/U["j"L,E!JLJ!WH"["DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"cb"

/LPEL"]D]"JUHJFH/VLJ!WH"MF"/,1T"#"i"MF"VF&UJ!WH"FH"FE"

/VL/L&!FH/U"["j"L,E!JLJ!WHc"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"\d"

/LPEL"]D^"JUHJFH/VLJ!WH"MF"/,1T"#"i"MF"VF&UJ!WH"FH"FE"

/VL/L&!FH/U"["j"L,E!JLJ!WH"\"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"\["

/LPEL"]D_"JUHJFH/VLJ!WH"MF"/,1T"#"i"MF"VF&UJ!WH"FH"FE"

/VL/L&!FH/U"c"j"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"\\"

/LPEL"]D`"JUHJFH/VLJ!WH"MF"/,1T"#"i"MF"VF&UJ!WH"FH"FE"

/VL/L&!FH/U"c"j"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"\]"
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/LPEL"]Da"JUHJFH/VLJ!WH"MF"/,1T"#"i"MF"VF&UJ!WH"FH"FE"

/VL/L&!FH/U"c"jL,E!JLJ!WH"\"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"\^"

/LPEL"]Db"JUHJFH/VLJ!WH"MF"/,1T"#"i"MF"VF&UJ!WH"FH"FE"

/VL/L&!FH/U"\"jL,E!JLJ!WH"["DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"\`"

/LPEL"]D[d"JUHJFH/VLJ!WH"MF"/,1T"#"i"MF"VF&UJ!WH"FH"FE"

/VL/L&!FH/U"\"jL,E!JLJ!WH"c"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"\a"

/LPEL"]D[["JUHJFH/VLJ!WH"MF"/,1T"#"i"MF"VF&UJ!WH"FH"FE"

/VL/L&!FH/U"c"j"L,E!JLJ!WH"\"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"\b"

/LPEL"]D[c"JELT!X!JLJ!WH"MF"QVR,UT"MF"1!MVUJLVPRVUT"DDDDDDDDDDDDDDDDD"]\"

/LPEL"]D[\"JU&,LVLJ!WH"MF"EL"XVLJJ!UHFT"VF&UK!MLT",LVL"""""""""

EL"&RFT/VL"MF"XUHMU"MF"/LHhRF"!H!J!LE"#"EL"&RFT/VL"""""

ERFQU"MF"EL"L,E!JLJ!WH"MFE"TF,LVLMUV"MF"XLTFT"DDDDDDDDDD"]\"

/LPEL"]D[]",UVJFH/LSF"MF"MF"EL"XVLJJ!UHFT"VF&UK!MLT",LVL""""

EL"&RFT/VL"MF"XUHMU"MF"/LHhRF"!H!J!LE"#"EL"&RFT/VL""

ERFQU"MF"EL"L,E!JLJ!WH"MFE"TF,LVLMUV"MF"XLTFT"DDDDDDDDDD"]b"

/LPEL"]D[^"JUT/UT"FT/!&LMUT",LVL"EL"!&,EF&FH/LJ!WH"MFE"

/VL/L&!FH/U",VU,RFT/U"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"̂ ["

"
"
"

"

' '
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XU/U"\D["XUHMU"MF"/LHhRF"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"[a"

XU/U"\Dc"VFLJ/UVFT"R/!E!kLMUT"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"cd"

XU/U"\D\"FHTL#UT"/[L["Z"\"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD"cc"
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"
"

\"

*+45(+3";C3"*$68+3"B"45"AC*)."45?6+4+*)'("45".$3"*$(8+;)(+(853D"T)5(4$"538$3"

86+8+;)5(8$3" @8).53" *$;$" +.856(+8)>+3" $" *$;0.5;5(8$3" +" 8G*()*+3"

*$(>5(*)$(+.53";5(*)$(+4+3"lRDTD"F,LD"cdd_oD"

"

E$3" +?5(853" $r)4+(853" ;C3" -3+4$3" 0+6+" 86+8+6" 5385" 8)0$" 45" 653)4-$3" 3$("

056'r)4$"45"=)46'?5($%"=)0$*.$6)8$3%"*.$6$%"4)'r)4$"45"*.$6$"B"5."65+*8)>$"X5(8$("

l056'r)4$"45"=)46'?5($"B"=)566$o"lRDTD"F,LD"cdd_oD"

"

F." -3$" 45." 65+*8)>$" X5(8$(" 0+6+" 654-*)6" .$3" ()>5.53" 45" *$(8+;)(+*)'(" 45"

3-9386+8$3"$6?C()*$3"53"+;0.)+;5(85"5;0.5+4$<"5385";G8$4$"0-545"+0.)*+635"

!"#$!%&#'#()#$!%&"5("3-5.$3%" .$4$3%"354);5(8$3"B"$86$3"3'.)4$3D"L"053+6"45"3-3"

A+*).)4+453"45"-3$%".$3"()>5.53"45"5A)*)5(*)+"45"3-"+0.)*+*)'(%"5("5."F*-+4$6%"($"

=+(" 3)4$" 538-4)+4$3%" 6+O'(" 0$6" .+" 7-5%" 5(" 9+35" +" .$" 5r0-538$%" .+" 06535(85"

)(>538)?+*)'(" 9-3*'" *$($*56" .+" 5A)*)5(*)+" 45." -3$" 45." 65+*8)>$" X5(8$(" 0+6+" .+"

65;$*)'(" 45" " =)46$*+69-6$3" 8$8+.53" l/,13o" 45" .$4$3" 06$>5()5(853" 45" .$3"

8+(7-53"45"+.;+*5(+;)5(8$"45"0586'.5$D"

"

1.2' OBJETIVO GENERAL 

"

L(+.)O+6".+"5A)*)5(*)+"45".+"65;$*)'("45"=)46$*+69-6$3"8$8+.53"45"0586'.5$"l/,1o"

45".$4$3"06$>5()5(853"45".$3"8+(7-53"45"+.;+*5(+;)5(8$"45"0586'.5$%"+"86+>G3"

45"-(+"8G*()*+"45"$r)4+*)'("7-:;)*+"5;0.5+(4$"5."65+*8)>$"X5(8$(D""

"

1.3' OBJETIVOS ESPECÍFICOS 

"

•" M5856;)(+6".+"*$(*5(86+*)'(")()*)+."45"=)46$*+69-6$3"8$8+.53"l/,1o"45"

.$4$3"06$>5()5(853"45".$3"8+(7-53"45"+.;+*5(+;)5(8$"45"0586'.5$D""

•" M5856;)(+6" .+" *$(*5(86+*)'(" 45" l1cUcgX5o" 45" 65+*8)>$" X5(8$(";C3"

+06$0)+4+"0+6+".+"65;$*)'("45"/,1D""

•" M5856;)(+6".+"5A)*)5(*)+"45".+"65;$*)'("45"/,1"45."A$(4$""45""8+(7-5"

5("538-4)$D



"
"

]"

CAPÍTULO 2 

"

INVESTIGACIÓN BIBLIOGRÁFICA 

"

2.1' ALTERNATIVAS DE TRATAMIENTO DE LODOS 

PROVENIENTES DE FONDOS DE TANQUES DE 

ALMACENAMIENTO DE PETRÓLEO CRUDO 

"

L*$645" +" RDTD" F,L" lcdd_o%" .+3" 85*($.$?:+3" 45" 65;54)+*)'(" !"*$!%&" 538C("

*.+3)A)*+4+3"5("8653"?6+(453"?6-0$3p"

"

+o" /5*($.$?:+3"45"86+8+;)5(8$"A:3)*$g7-:;)*$"

9o" /5*($.$?:+3"45"86+8+;)5(8$"9)$.'?)*$"B"

*o" /5*($.$?:+3"45"86+8+;)5(8$"8G6;)*$"

"

M5"5..+3%" .+3" 85*($.$?:+3" A:3)*$g7-:;)*+3" 6506535(8+("5.";C3"4)>563$"?6-0$"45"

85*($.$?:+3" 45" 65;54)+*)'(%" .+3" 7-5" )(*.-B5(p" 5r86+**)'(" 3'.)4$g>+0$6%"

3$.)4)A)*+*)'(m538+9).)O+*)'(%" $r)4+*)'(%" .+>+4$" 45" 3'.)4$3" B" 350+6+*)'("

5.5*86$*)(G8)*+""lRDTD"F,LD"cdd_oD"

"

E+3"85*($.$?:+3"45"86+8+;)5(8$");0.)*+("*-+.7-)56"$056+*)'("-()8+6)+"$"356)5"45"

$056+*)$(53"-()8+6)+3"7-5"+.856+(".+"*$;0$3)*)'("45"-(+"3-38+(*)+"05.)?6$3+"$"

*$(8+;)(+(85" +" 86+>G3"45"+**)$(53"7-:;)*+3%" A:3)*+3" $" 9)$.'?)*+3%" 45";+(56+"

7-5"654-O*+(".+"8$r)*)4+4%";$>).)4+4"$">$.-;5("45.";+856)+."*$(8+;)(+4$""lRDTD"

F,LD"cdd_oD""

"

F."06$*53$";C3"+;0.)+;5(85"-3+4$"0+6+"65;54)+*)'("45"3-5.$3"*$(8+;)(+4$3"

0$6"=)46$*+69-6$3"45"0586'.5$%"5(".+"65?)'("+;+O'()*+"($6$6)5(8+."45."F*-+4$6%"

5(".+3"06);56+3"58+0+3%"53"5.".+>+4$"*$("+?-+%"B+"35+"+"0653)'(%"*$("+0.)*+*)'("



"
"

^"

45" *+.$6%" *$(" +B-4+" 45" 3-6A+*8+(853" $" *$(" *$;9)(+*)$(53" 45" G38$3" B" $86$3"

5.5;5(8$3" l,F,ML%" cdd^<" ,FJTg!FJUH/TL%" cdd[o<" .+3" 9)$0).+3" B" 5."

.+(4A+6;)(?" 3$(" .$3" *$;-(53" 86+8+;)5(8$3" 9)$.'?)*$3" 35*-(4+6)$3<" 35" -3+"

+45;C3" .+"9)$+-;5(8+*)'("0+6+"0$85(*)+6"B"+*5.56+6"538$3"06$*53$3%" 8+;9)G("

35"=+"5;0.5+4$".+"538+9).)O+*)'(";54)+(85"5."-3$"45"0-O$.C()*$3%"*+.%"*5;5(8$"

l,FJTg!FJUH/TL%" cdd[o" B" .+" 453$6*)'(" 8G6;)*+" 5(" ;5($6" 53*+.+%" 0+6+"

A+96)*+*)'("45".+46)..$3"*$("653)4-$3"0586$.56$3"lJFE/FE%"cdd`oD"

"

T5?@(%" /$.54$" lcddbo%" .$3" ;G8$4$3" 45" 65;54)+*)'(%" 3-3" *$38$3" B" 4-6+*)'("

+06$r);+4+"45."06$*53$"35";-5386+".+"/+9.+"cD[D"

'
+&6%&'U?W''
5,+)/)"'/!'1!5!/*&#*7-T'#)"+)"'4'/$1&#*7-'&(1):*5&/)"'
(&1&'"$!%)"'#)-+&5*-&/)"'#)-'8*/1)#&16$1)"'
'

5,+)/)'/!'

1!5!/*&#*7-'
+*!5()'=BP\P\@' #)"+)'$"/']'B^'

Fr86+**)'("0$6"A.-)4$3" c"+"_" c\a"

/6+8+;)5(8$"5.5*86$7-:;)*$" T5;+(+3"+"a";5353" \^d"

!(B5**)'("45"+)65" c" c^"

E+>+4$"45"3-5.$" ]" \^"

X)8$665;54)+*)'(" y_" [cd"

P)$665;54)+*)'(" y_" [^d"

T$.)4)A)*+*)'(mF38+9).)O+*)'(" 1$6+3"$"35;+(+3" [[d"

XRFH/Fp"/$.54$%"cddb"

"

2.1.1' TRATAMIENTOS BIOLÓGICOS 

"
E+" 9)$665;54)+*)'(%" 53" -(+" 8G*()*+" +0.)*+9.5" +" .$3" *$(8+;)(+(853" $6?C()*$3%"

4)6)?)4+" +" -(+" +45*-+4+" 538);-.+*)'(" 45" .$3" ;)*6$$6?+()3;$3" 0+6+" *65*56" B"

-8).)O+6" .$3" *$(8+;)(+(853" *$;$" A-5(85" 45" +.);5(8$" B" 5(56?:+%" 5(" -(" 5(8$6($"

A+>$6+9.5" 45" =-;54+4%" 85;056+8-6+" B" 01D" F385" 86+8+;)5(8$" -8).)O+" .+3"

65+**)$(53";58+9'.)*+3"45"*)568$3";)*6$$6?+()3;$3"0+6+"45?6+4+6%"86+(3A$6;+6"

$"65;$>56" .$3"*$(8+;)(+(853"+"06$4-*8$3";58+9'.)*$3" )($*-$3"*$;$"5."JUc"B"

5."1cU"lT$.+(+3%"cddboD"



"
"

_"

E$3"86+8+;)5(8$3"9)$.'?)*$3"35"=+("-8).)O+4$"*$("Gr)8$"0+6+"65;54)+6".$3"3-5.$3%"

.$4$3"B"+?-+3"3-98566C(5+3"*$(8+;)(+4+3"0$6"=)46$*+69-6$3"45"0586'.5$D"M+4$"

7-5" .$3" 06$4-*8$3" 0586$.:A56$3" 3$(" ;5O*.+3" *$;0.52+3" 45" =)46$*+69-6$3" B"

456)>+4$3%" .+" 9)$45?6+4+*)'(" 53" 35.5*8)>+%" 459)4$" +" 7-5" .$3";)*6$$6?+()3;$3"

($" 45?6+4+(" 0$6" )?-+." .+3" 4)38)(8+3" A+;).)+3" 45" =)46$*+69-6$3%" 0$6" .$" 7-5"

4530-G3"45"-(+"9)$665;54)+*)'("0-545("7-54+6"*$(*5(86+*)$(53"653)4-+.53"45"

+.?-($3" =)46$*+69-6$3D" F." 86+8+;)5(8$" 9)$.'?)*$" 45" 1)46$*+69-6$3" ,$.)"

L6$;C8)*$3"l1L,3o"452+"1L,3";5($3"45?6+4+9.53"l*1L,3o"lT$.+(+3%"cddboD"

"

M-6+(85" 5." 06$*53$" 45" 9)$665;54)+*)'(%" +.?-($3" *$;0-538$3%" 0-545(" 356"

;58+9$.)O+4$3"5("3-906$4-*8$3";C3"8'r)*$3"l0$6"525;0.$%"86)*.$6$58).5($"l/JFo"

+" *.$6-6$" 45" >)().$oD" F(" +0.)*+*)$(53" !"# $!%&%" G38$3" ;58+9$.)8$3" 0-545("

;$>).)O+635" +." +?-+" 3-98566C(5+" $" 0$(5635" 4)65*8+;5(85" 5(" *$(8+*8$" *$(" 5."

0563$(+." 3)" ($" 35" -8).)O+(" 8G*()*+3" 45" *$(86$.D" F385" 8)0$" 45" 3)385;+" 45"

86+8+;)5(8$" 657-)565" 45" 3-5.$3%" +*-:A56$3%" B" .+" *+6+*856)O+*)'(" 45"

*$(8+;)(+(853%"B"0-545"657-56)6"86+8+;)5(8$"45."+?-+"3-98566C(5+"5r86+:4+D"F."

+?-+" 3-98566C(5+" *$(" 9+2$" ()>5." 45" *$(8+;)(+*)'(" 0-545" 356" 65-3+4+" 0+6+"

+9+385*56" 45" +?-+" 5." C65+" 5(" 06$*53$" 45" 86+8+;)5(8$" lX5456+." V5;54)+8)$("

/5*=$($.$?)53"V$-(48+9.5%"cddboD""
"

2.1.2' TRATAMIENTOS TÉRMICOS 

"
F38$3"86+8+;)5(8$3"-8).)O+("*+.$6"0+6+")(*65;5(8+6".+">$.+8).)O+*)'("l350+6+*)'(o%"

7-5;+%" 453*$;0$3)*)'(" l45386-**)'(o" $" A-(4)*)'(" l)(;$>).)O+*)'(o" 45" .$3"

*$(8+;)(+(853" 5(" -(" 3-5.$D" E+3" 85*($.$?:+3" 45" 350+6+*)'(" )(*.-B5(" .+"

453$6*)'(" 8G6;)*+" B" 453*$(8+;)(+*)'(" 0$6" ?+3" *+.)5(85%" ;)5(86+3" 7-5" .+3"

85*($.$?:+3" 45" 45386-**)'(" 3$(" .+" )(*)(56+*)'(" B" .+" 0)6'.)3)3" lX5456+."

V5;54)+8)$("/5*=$($.$?)53"V$-(48+9.5%"cddboD"

"

2.1.3' TRATAMIENTOS FÍSICOS/QUÍMICOS 

"
F385" 8)0$" 45" 86+8+;)5(8$3" -8).)O+(" .+3" 06$0)54+453" A:3)*+3" Bm$" 7-:;)*+3" 45" .$3"

*$(8+;)(+(853" $" 45." ;54)$" *$(8+;)(+4$" 0+6+" 45386-)6%" 350+6+6" $" *$(85(56"

G38$3D"/:0)*+;5(85%" )(>$.-*6+(" 65+**)$(53"45"$r)4+*)'(g654-**)'(" l654$ro"7-5"



"
"

`"

*$(>)5685(" 7-:;)*+;5(85" *$;0-538$3" 8'r)*$3" $" 05.)?6$3$3" +" *$;0-538$3"

;5($3" 8'r)*$3"$"($"05.)?6$3$3%"7-5"3$(";C3"538+9.53%";5($3";'>).53"B";C3"

)(56853D"lRDTD"F,LD"cdd_oD"F38$3";G8$4$3"35"0-545("+0.)*+6"!"#$!%&"$#()#$!%&"5("

3-5.$3%".$4$3%"354);5(8$3"B"$86$3"3'.)4$3"*$(8+;)(+4$3D"E$3"+?5(853"$r)4+(853"

;C3" -3+4$3" 0+6+" 86+8+6" *$(8+;)(+(853" 05.)?6$3$3" 5(" 5." 3-5.$%" 3$(p"

056;+(?+(+8$"45"3$4)$"lH+&(U]o%"056;+(?+(+8$"45"0$8+3)$" ln&(U]o%"$O$($"

lU\o%" 056'r)4$"45"=)46'?5($" l1cUco%" =)0$*.$6)8$3" lJ.U
go%" *.$6$" lJ.co%" 4)'r)4$"45"

*.$6$"lJ.Uco"B"5."65+*8)>$"X5(8$("l056'r)4$"45"=)46'?5($";C3"=)566$oD""

"

F3" );0$68+(85"*$(3)456+6" .+3"06$0)54+453"45." 3-5.$"B"5.";G8$4$"45" )(B5**)'("

*-+(4$"35"53*$?5"5."$r)4+(85"+06$0)+4$"B+"7-5"5r)385(")(*$(>5()5(853"7-5"35"

4595"8$;+6"5("*-5(8+"*$;$p"

"

•" E+" )(86$4-**)'(" 45." $r)4+(85" 0-545" );0+*8+6" (5?+8)>+;5(85" 5(" .+"

3-056A)*)5"45."3-5.$D"

•" M)3;)(-B5".+"056;5+9).)4+4"45."3-5.$"lA$6;+*)'("45"*$.$)453oD"

•" ,6$4-**)'("45"*$;0-538$3"8'r)*$3D"

•" ,6$4-**)'("45"*+.$6"B"?+3D"

•" E$?:38)*+"0+6+";+(52$"B"+.;+*5(+;)5(8$"45".$3"$r)4+(853"7-:;)*$3D"

 

2.2  TRATAMIENTOS QUÍMICOS PARA REDUCCIÓN 

DE HIDROCARBUROS TOTALES 
"

2.2.1' PERMANGANATO 

"

F." 056;+(?+(+8$" l&(U]o
[g" 53" -(" $r)4+(85" 7-:;)*$" 5;56?5(85%" -3+4$" 0+6+"

45386-)6" *$;0-538$3" $6?C()*$3" 456)>+4$3" 45." 0586'.5$" 5(" 3-5.$3" B" +?-+3"

3-98566C(5+3D" T)(" 5;9+6?$%" 3-" )(*+0+*)4+4" 0+6+" $r)4+6" 95(*5($" .$" *$(>)5685"

5("-(";+."*+(4)4+8$"0+6+".+"$r)4+*)'("45"3)8)$3"*$(8+;)(+4$3"*$("0586'.5$D"

"

E+3">5(8+2+3"45"5385"+?5(85"$r)4+(85"3$(".+3"3)?-)5(853p"



"
"

a"

•" Ur)4+"*$;0-538$3"$6?C()*$3"5("-("+;0.)$"6+(?$"45"01D"

•" ,56;+(5*5" -(" 056:$4$" 06$.$(?+4$" 5(" 5." 3-93-5.$" 056;)8)5(4$" +."

$r)4+(85" 65+**)$(+6" ;C3" 5A5*8)>+;5(85" 3$965" .$3" *$(8+;)(+(853"

+43$69)4$3"5("3-5.$3"056;5+9.53D"

•" H$6;+.;5(85" ($" 06$4-*5" *+.$6" $" >+0$653" 7-5" 065$*-05(" +" .+" 3+.-4" B"

35?-6)4+4D"

•" /6+8+"*$("Gr)8$"5."&/PF"l&58)."/56"P-8)."f856o"5("538-4)$3"45".+9$6+8$6)$""

"

F." 056;+(?+(+8$" +0.)*+4$" 0-545" 356" 45" 3$4)$" lH+&(U]o" $" 0$8+3)$" ln&(U]o%"

3)5(4$" 5385" @.8);$" ;C3" 5;0.5+4$" 0$6" 356" ;5($3" *$38$3$%" 4)30$()9.5" 5(" 5."

;56*+4$".$*+.%"B"3-"538+4$"3'.)4$"A+*).)8+"3-"86+(30$685"B";+(52$<"+45;C3"8)5(5"

-(+" 3$.-9).)4+4" ;-*=$" ;5($6" 7-5" 5." H+&(U]" B" ?5(56+.;5(85" 35" +0.)*+" 5("

*$(*5(86+*)$(53";C3"9+2+3"lRDTD"F,L%"cdd_oD"

"

2.2.2' OZONO 

"

F."$O$($"lU\o"53"-($"45" .$3"$r)4+(853";C3" A-56853%"0-545"356"+0.)*+4$"*$;$"

?+3"$"4)3-5.8$"5("+?-+D"J$;$"?+3%"5."$O$($"0-545"45?6+4+6"4)65*8+;5(85"-("

3)("(@;56$"45"06$4-*8$3"7-:;)*$3%"06$0$6*)$(+(4$"-("5(8$6($"6)*$"5("$r:?5($"

0+6+" *$(8+;)(+(853" 7-5" 35" 45?6+4+(" 9+2$" *$(4)*)$(53" +56'9)*+3D" F." $O$($"

+*-$3$" 35" 45?6+4+" 0+6+" A$6;+6" 5305*)53" 6+4)*+.53%" 7-5" 3$(" +.8+;5(85"

65+*8)>+3"B"($"5305*:A)*+3D""

"

R(+"453>5(8+2+"45."-3$"45"$O$($"53"7-5"8)5(5"-("*$68$"8)5;0$"45"6585(*)'("5("

5." 3-93-5.$" 459)4$" +" 7-5" 65+**)$(+" 6C0)4+;5(85" *$(" -(+" +;0.)+" ?+;+" 45"

5305*)53" 7-:;)*+3" ($" $9258$" 45" 86+8+;)5(8$" *$;$" ;)(56+.53" 654-*)4$3%"

$6?C()*+";+856)+%")(*.-B5(4$"5.")$("=)46'r)4$"lU1go"lRDTD"F,L%"cdd_oD"

"

2.2.3' PERÓXIDO DE HIDRÓGENO 

"
F."056'r)4$"45"=)46'?5($"l1cUco"53"-("$r)4+(85"A-5685"7-5"0-545"356")(B5*8+4$"

5(" -(+" O$(+" 0+6+" 45386-)6" *$(8+;)(+(853" 45" 0586'.5$D" T-" 65+**)'(" 53"



"
"

b"

5r$8G6;)*+" .$" 7-5" 056;)85" 7-5" .$3" *$(8+;)(+(853" 35+(" 45?6+4+4$3" ;C3"

AC*).;5(85" B" 35" >$.+8).)*5(D" J-+(4$" 53" )(B5*8+4$" 5(" +?-+" 3-98566C(5+" 53"

)(538+9.5"B"65+**)$(+"*$("*$(8+;)(+(853"B"*$;0-538$3"$6?C()*$3"45."3-5.$D""

"

L." 1cUc" ($" 53" A+*8)9.5" 45" 4)65**)$(+6.$" =+*)+" *$(8+;)(+(853" 5(*$(86+4$3" 5("

3-5.$3" 45" 9+2+" 056;5+9).)4+4" 459)4$" +" 3-" +.8+" 8+3+" 45" 65+**)'(" B"

453*$;0$3)*)'(D"E$3"056'r)4$3"3'.)4$3%"*$;$"5."056'r)4$"45"*+.*)$%"5(" A$6;+"

45" 3-305(3)'(" 0-545(" ;$456+6" .+" 8+3+" 45" 4)3$.-*)'(" B" .+" ?5(56+*)'(" 45"

056'r)4$%".$"7-5"056;)85"-(+"4)386)9-*)'(";C3"-()A$6;5"lRDTD"F,L%"cdd_oD"

"

2.2' REACTIVO FENTON 

"

1+*5" ;C3" 45" [dd" +N$3%" 1DSD1D" X5(8$(" 650$68'" 7-5" 5." )$(" X5cz" 06$;$>)'"

A-5685;5(85" .+" $r)4+*)'(" 45." C*)4$" ;C.)*$" *$(" 056'r)4$" 45" =)46'?5($D" E+"
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CAPÍTULO 3 

"

INVESTIGACIÓN DE CAMPO 

"

3.1' CARACTERIZACIÓN INICIAL DE LA CONCENTRACIÓN 

DE CONTAMINANTES EN LA MUESTRA COLECTADA 
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3.2' APLICACIÓN DE DIFERENTES CONCENTRACIONES DE 

REACTIVO FENTON  
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3.2.1'  MATERIALES UTILIZADOS 
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3.2.2' REACTIVOS UTILIZADOS 
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CAPÍTULO 4 
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