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RYCost-effective methods of soil and groundwater 

treatment, contaminated with petroleum and 

chlorinated hydrocarbons - UPSOIL project example
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$ESPITE฀CURRENT฀EXPERIENCES�฀ ABUNDANT฀KNOWLEDGE฀AND฀WELL฀DE

VELOPED฀REMEDIATION฀TECHNOLOGIES�฀THERE฀STILL฀EXISTS฀HUGE฀POTENTIAL฀TO฀
RAISE฀EFFECTIVENESS฀OF฀REMEDIATION�฀)T฀CONCERNS฀ESPECIALLY฀NON
INVASIVE฀
IN฀SITU฀TECHNIQUES฀FOR฀REMEDIATION฀OF฀SOIL฀AND฀GROUNDWATER฀CONTAMI

NATED฀WITH฀ORGANIC฀POLLUTANTS฀WITH฀PERSPECTIVE฀OF฀SUSTAINABLE฀SOIL฀QUAL

ITY฀IMPROVEMENT฀AND฀ITS฀FINAL฀FULL฀REHABILITATION�฀)N฀THIS฀AREA฀MANY฀%5฀
FUNDED฀PROJECTS฀ARE฀CARRIED฀OUT�฀/NE฀OF฀THEM฀IS฀THE฀%5฀&RAMEWORK฀
0ROGRAM฀PROJECT฀503/),฀WHICH฀OBJECTIVE฀IS฀TO฀DEVELOP฀METHODS฀EF

FECTIVELY฀COUPLING฀TECHNOLOGIES฀OF฀CHEMICAL฀AND฀BIOLOGICAL฀IN฀SITU฀REME

DIATION฀OF฀SOIL฀AND฀GROUNDWATER�฀

(USTON�฀WE฀HAVE฀A฀PROBLEM���
4HE฀INVENTORIES฀OF฀CONTAMINATED฀SITES฀IN฀%UROPE฀SHOW฀THAT฀IN฀%5


��฀COUNTRIES฀THERE฀ARE฀AROUND฀���฀MLN฀OF฀CONTAMINATED฀SITES�฀4HE฀MAIN฀
SOURCES฀AND฀GROUPS฀OF฀SOIL฀AND฀GROUNDWATER฀CONTAMINATION฀IDENTIFIED฀
ARE
• MINING฀WATERS�฀ENERGY฀PRODUCTION฀FACILITIES�฀AND฀TRANSPORT฀
• HEAVY฀METALS
• SPILLS฀ OF฀ FUELS฀ �HYDROCARBONS	฀ AND฀ CHEMICAL฀ SUBSTANCES฀ IN฀ INDUS


TRIES
• DEGREASING฀AGENTS฀AND฀SOLVENTS฀s฀CHLORINATED฀HYDROCARBONS
• SOLVENTS฀AND฀AROMATIC฀HYDROCARBONS�฀BENZENE�฀TOLUENE฀XYLENE฀AND฀

ETHYLENE
• GASIFICATION฀INSTALLATIONS฀AND฀PARTIAL฀BURNING฀s฀POLIAROMATIC฀HYDRO


CARBONS฀�77!	
• MILITARY฀ACTIVITIES

4AKING฀INTO฀ACCOUNT฀THE฀COMPLEXITY฀OF฀THE฀PROBLEM฀AND฀HIGH฀EN

VIRONMENTAL฀RISKS฀RELATED฀TO฀GROUNDWATER฀CONTAMINATION฀THE฀SOIL฀AND฀
GROUND฀ WATER฀ POLLUTION฀ HAS฀ A฀ SPECIAL฀ IMPORTANCE�฀ 4HE฀ CURRENT฀ EX

PERIENCE฀ SHOWS฀ THAT฀ SYSTEMIC฀ REMEDIATION฀OF฀ CONTAMINATED฀ SOIL฀ AND฀
GROUNDWATER฀IS฀A฀SLOW฀PROCESS�฀AND฀THE฀SCALE฀OF฀THE฀PROBLEM฀REQUIRES฀
APPROPRIATE฀ LEGAL฀ CONDITIONS฀ AND฀ PUBLIC฀ SUPPORT฀ FOR฀ THE฀ ACTIONS฀ AND฀
FUNDS฀AVAILABILITY�฀&URTHERMORE�฀THERE฀IS฀A฀NEED฀FOR฀AVAILABLE฀EFFECTIVE฀
REMEDIATION฀SOLUTIONS฀AND฀METHODS฀AND฀ADEQUATE฀IMPLEMENTATION฀PO

TENTIAL�฀!CCORDING฀TO฀HEALTH฀AND฀ENVIRONMENTAL฀RISK฀CRITERIA฀ESPECIALLY฀
IMPORTANT฀ARE฀ORGANIC฀CONTAMINANTS฀s฀THE฀MOST฀FREQUENTLY฀OCCURRING฀
HYDROCARBONS�฀ AROMATIC฀ HYDROCARBONS�฀"4%8฀AND฀ CHLORINATED฀ COM

POUNDS�฀!CCORDING฀TO฀THE฀%UROPEAN฀INVENTORIES฀THE฀PERCENTAGE฀OF฀SITES฀
CHARACTERIZED฀WITH฀THE฀CONTAMINANTS฀IS฀AS฀FOLLOWS฀�&IG�฀�	�

)N฀COST
EFFECTIVE฀SUSTAINABLE฀REMEDIATION฀OF฀CONTAMINATED฀SOIL฀ON฀A฀
%UROPEAN฀SCALE�฀THREE฀OPTIMISATION฀DIMENSIONS฀NEED฀TO฀BE฀ADDRESSED�
• #/34�฀THE฀COST฀EFFECTIVENESS฀OF฀REMEDIATION฀SHOULD฀BE฀SIGNIFICANTLY฀

INCREASED฀AS฀COMPARED฀TO฀CURRENT฀PRACTICES
• 4)-%�฀THE฀TECHNOLOGIES฀EMPLOYED฀SHOULD฀ALLOW฀FAST฀RELEASE฀OF฀SITES฀

FOR฀URBAN�INDUSTRIAL฀OR฀ECOLOGICAL฀REDEVELOPMENT
• 3534!).!"),)49�฀THE฀TECHNOLOGIES฀EMPLOYED฀SHOULD฀ENSURE฀THAT฀

THERE฀ARE฀NO฀PENDING฀�POST
REMEDIATION	฀LIABILITY฀ISSUES฀AND฀THAT฀SOIL฀
FUNCTIONS฀ARE฀MAINTAINED฀OR฀RESTORED�

#URRENT฀EXPERIENCES
#OMMONLY฀USED฀TRADITIONAL฀REMEDIATION฀METHODS฀EX฀SITU฀SUCH฀AS฀

REMOVAL฀�EXCHANGE	฀OF฀CONTAMINATED฀SOIL฀AND฀ITS฀DISPOSAL฀AS฀HAZARDOUS฀
WASTES฀DOES฀NOT฀GUARANTEE฀FULL฀RECOVERY฀OF฀THE฀SOIL฀QUALITY฀AND฀LEADS฀
TO฀DISTURBANCES฀OF฀SOIL฀ FUNCTIONS�฀&URTHERMORE�฀ THEY฀ARE฀COSTLY฀ FROM฀฀
SOCIO
ECONOMICAL฀PERSPECTIVE�฀.EVERTHELESS�฀IN฀MANY฀CASES฀s฀ESPECIALLY฀
WHERE฀REMEDIATION฀TIME฀IS฀CRUCIAL฀AND฀THE฀SITE฀IS฀SMALL฀�E�G�฀PREPARATION฀
OF฀SITES฀FOR฀INVESTMENTS	�฀USE฀OF฀THESE฀TECHNIQUES฀IS฀PREFERABLE�฀

-OREOVER�฀IN฀SPECIFIC฀CONDITIONS฀THESE฀SOLUTIONS฀ARE฀PREFERRED฀BE

CAUSE฀OF฀THEIR฀RELATIVE฀EFFECTIVENESS฀AND฀RELIABILITY�฀.EGATIVE฀ASPECT฀OF฀
THESE฀TECHNIQUES฀IS฀RELATIVELY฀HIGH฀COST฀�ESPECIALLY฀IN฀AREAS฀WITH฀HIGH฀AND฀
EXTENSIVE฀CONTAMINATION	฀AND฀DISTURBANCE฀OF฀HYDROLOGICAL฀AND฀NATURAL฀
SOIL฀CONDITIONS฀CONNECTED฀WITH฀SOIL฀REMOVAL฀AND฀LACK฀OF฀SUSTAINABLE฀SOIL฀
IMPROVEMENT฀AFTER฀REMEDIATION�฀-UCH฀MORE฀ADEQUATE฀IN฀THIS฀RESPECT฀
ARE฀NON
INVASION฀IN฀SITU฀SOIL฀AND฀GROUNDWATER฀REMEDIATION฀TECHNIQUES�฀
0OSITIVE฀ASPECT฀OF฀THESE฀TECHNIQUES�฀BESIDES฀THE฀ENVIRONMENTAL฀BENEFITS฀
ARISING฀FROM฀THE฀NON฀INVASIVENESS฀IS฀THE฀POSSIBILITY฀OF฀ACTIVE฀REMEDIATION฀
ON฀URBAN�฀ INDUSTRIAL฀AND฀ TRANSPORT฀AREAS฀WITH฀EXISTING฀ INFRASTRUCTURE�฀
DURING฀NORMAL฀CYCLE฀OF฀SITE฀USAGE฀ACCORDING฀TO฀ITS฀FUNCTION฀AND฀ITS฀CUR

RENT฀USE�

$ESPITE฀CURRENT฀EXPERIENCES�฀ ABUNDANT฀KNOWLEDGE฀AND฀WELL฀DE

VELOPED฀REMEDIATION฀TECHNOLOGIES�฀STILL฀EXIST฀A฀HUGE฀POTENTIAL฀TO฀RAISE฀
EFFECTIVENESS฀OF฀REMEDIATION฀WORK�฀ )NNOVATIVENESS฀ IN฀THIS฀MATTER฀CO

VERS฀COMPLEX฀TECHNOLOGICAL฀SOLUTIONS�฀COUPLING฀KNOWN฀AND฀ACCESSIBLE฀
TECHNIQUES�฀AIMING฀AT฀MINIMALISATION฀OF฀COSTS฀AND฀ACHIEVING฀ACCEPTED฀
RISK฀ LEVEL�฀/NE฀OF฀ THE฀ SOLUTIONS฀ IS฀ TO฀ COUPLE฀ CHEMICAL฀ AND฀BIOLOGICAL฀
NON
INVASIVE฀ IN฀ SITU฀ TECHNIQUES�฀ BASED฀ ON฀ SHORT฀ TERM฀ REMEDIATION฀
PROCESS฀WITH฀FURTHER฀ LONG฀TERM฀ENVIRONMENTAL฀REHABILITATION฀PROCESS฀
ESTABLISHED฀�NATURAL฀ATTENUATION	�

4HE฀INNOVATIVE฀APPROACH฀FOR฀SOIL฀AND฀GROUNDWATER฀
REMEDIATION฀s฀THE฀503/),฀PROJECT

4HE฀ KEY฀ INNOVATIVE฀ CONCEPT฀ OF฀ PROJECT฀ 3USTAINABLE฀ 3OIL฀ 5PGRAD

ING฀ BY฀ $EVELOPING฀ #OST฀ EFFECTIVE�฀ "IOGEOCHEMICAL฀ 2EMEDIATION฀ !P

PROACHES฀�ACRONYM฀503/),	฀IS฀BASED฀ON฀SMART฀COUPLING฀OF฀CHEMICAL฀
AND฀BIOLOGICAL฀REMEDIATION฀METHODS฀�&IG�฀�	�

0ROJECT฀IS฀CARRIED฀OUT฀IN฀THE฀PERIOD฀����
����฀WITHIN฀3EVENTH฀%U

ROPEAN฀5NION฀&RAMEWORK฀0ROGRAM�฀#ONSORTIUM฀REALIZING฀THE฀PROJECT฀
IS฀COMPOSED฀OF฀�฀SCIENTIFIC฀INSTITUTIONS�฀INCLUDING฀)NSTITUTE฀FOR฀%COLOGY฀
OF฀)NDUSTRIAL฀!REAS฀�)%45฀
฀0OLAND	�฀6)4/฀s4-0฀�"ELGIUM	�฀752฀AND฀
$ELTARES฀�.ETHERLANDS	�฀,ABEIN฀4ECNALIA฀�3PAIN	�฀%#/).$฀�2OMANIA	�฀
3')฀�3WEDEN	�฀AND฀�฀FIRMS฀SPECIALIZING฀IN฀SOIL฀AND฀GROUNDWATER฀REMEDIA


&IG�฀��฀-AIN฀POLLUTANTS฀SPECIES฀ON฀CONTAMINATED฀SITES
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TION�฀%.!#/.฀AND฀$%+/.4!฀�#ZECH฀2EPUBLIC	�฀%#/2%-
"!,4)#฀
�,ITHUANIA	�฀0/7):฀�0OLAND	�฀%*,3+/6฀�$ENMARK	�฀")54%#฀�!USTRIA	฀
AND฀'%/#)3!฀AND฀2$3฀�3PAIN	�฀4HE฀PROJECToS฀AIM฀IS฀TO฀MAKE฀THE฀RE

QUIRED฀BREAKTHROUGH฀IN฀IN
SITU฀�BIO	CHEMICAL฀REMEDIATION฀FOR฀ORGANIC฀
CONTAMINANTS�฀BY฀DEVELOPING฀ROBUST฀TECHNOLOGIES฀FOR฀FAST�฀COST
EFFEC

TIVE�฀INTEGRATED฀SOURCE฀ZONE฀AND฀PLUME฀TREATMENT฀THAT฀RESULT฀IN฀BOTH฀
ALLOWABLE฀�RISK	฀LEVELS฀AND฀MAXIMAL฀USE฀OF฀THE฀NATURAL฀SOIL฀REHABILITATION฀
POTENTIAL฀AT฀A฀LONGER฀TERM�

4HE฀503/),฀PROJECT฀GOALS฀ARE฀SET฀AT฀THREE฀AMBITION฀LEVELS฀FOR฀THE฀
DIFFERENT฀RESEARCH฀LINES�฀THEREBY฀GIVING฀A฀FAIR฀CHANCE฀OF฀SUCCESS฀IN฀EACH฀
LINE�
• IMPROVEMENT฀OF฀THE฀EXISTING฀IN฀SITU฀BIOLOGICAL฀AND฀CHEMICAL฀REME


DIATION฀ TECHNOLOGIES฀ THROUGH฀SMART฀COUPLING฀AND฀OPTIMISATION฀OF฀
THEIR฀USE�฀INCLUDING฀ASSESSMENT฀OF฀SOIL฀FUNCTIONS฀REHABILITATION

• DEVELOPMENT฀OF฀PHYSICAL฀AND฀)4฀REMEDIATION฀MANAGEMENT฀SCHEMES฀
FOR฀FURTHER฀COST
OPTIMIZATION฀

• DEVELOPMENT฀OF฀HIGHLY฀ INNOVATIVE฀ TECHNIQUES฀WITH฀ A฀POTENTIAL฀OF฀
STRENGTHENING฀THE฀REMEDIATION฀CAPABILITIES฀OF฀BIOLOGICAL฀AND฀CHEMI

CAL฀IN฀SITU฀TECHNOLOGIES�
4HE฀BASIS฀OF฀THE฀PROJECT฀IS฀SMART฀COUPLING฀OF฀TECHNOLOGIES฀AND฀THE฀

DEVELOPMENT฀OF฀NEW฀FRONTIER฀TECHNOLOGIES�฀WHEREBY�
• SOIL฀STRUCTURE�฀PROPERTIES฀AND฀FUNCTIONS฀ARE฀INTEGRAL฀FACTORS฀IN฀SE


LECTING฀THE฀TYPE฀OF฀REMEDIAL฀TREATMENT
• SIDE
EFFECTS฀OF฀TREATMENT�฀FOR฀EXAMPLE฀AT฀MULTI
CONTAMINANT฀SITES�฀

ON฀OVERALL฀RISK฀ARE฀TAKEN฀INTO฀ACCOUNT
• ACTIVE฀ REMEDIATION฀ �CHEMICAL฀OR฀BIOLOGICAL	฀ IS฀DESIGNED฀ IN฀ SUCH฀A฀

WAY฀THAT฀THE฀NATURAL฀ATTENUATION฀POTENTIAL฀IS฀FULLY฀UTILIZED฀AND฀STIMU

LATED฀

• THE฀INJECTED฀REMEDIAL฀AGENT฀IS฀BETTER฀TARGETED฀AT฀THE฀LOCATION�DIS

TRIBUTION฀OF฀THE฀CONTAMINANT฀WITHIN฀THE฀SOIL

• MODELLING฀AND฀DYNAMIC฀MONITORING฀OF฀THE฀REMEDIATION฀PROGRESS฀ARE฀
USED฀IN฀REALTIME฀TO฀ALLOW฀FEED
BACK฀DRIVEN฀REMEDIATION฀

• REACTANT฀SPECIES฀ARE฀DEVELOPED฀THAT฀ARE฀MORE฀SELECTIVE฀TOWARDS฀
THE฀CONTAMINANT฀AND฀LESS฀DEGRADING฀TOWARDS฀THE฀SOIL฀MATRIX

• INDICATORS฀ARE฀DEVELOPED฀THAT฀DIAGNOSE฀WHETHER฀VIABLE฀MICROBIAL฀
SOIL฀POPULATIONS฀ARE฀PRESENT฀AND฀THAT฀MICROBIAL฀DYNAMICS฀ARE฀SUCH฀
THAT฀ THE฀NATURAL฀ ATTENUATION฀CAPACITY฀OF฀ THE฀ SOIL฀ HAS฀BEEN฀ RESTO

RED�

4HE฀SITES฀DESIGNED฀FOR฀PILOT฀TESTS
4HERE฀ARE฀�฀INDUSTRIAL฀SITES฀CONTAMINATED฀WITH฀ORGANIC฀COMPOUNDS�฀

PROVIDED฀FOR฀PILOT฀TESTS฀DURING฀THE฀PROJECT�
�	฀2AILWAY฀SITE฀
฀INTERNAL฀COMBUSTION฀ENGINE฀LOCOMOTIVES฀FUELLING฀

POINT�฀AREA฀OF฀ LOCOMOTIVES฀CLEANING
UP฀ �ALSO฀STEAM฀ LOCOMOTIVES	�฀��฀
YEARS฀OF฀LAND฀USAGE�฀FROM฀����฀EXCLUDED฀FROM฀USE฀�FUELING	�฀CLEANING฀
COMPLETED฀ IN฀ ��oS�฀ -AIN฀ POLUTANTS�฀ PETROLEUM฀ HYDROCARBONS฀ �DIESEL฀
OIL	�฀NAPHTA฀�DETAIL฀ANALYSES฀IN฀PROGRESS	�฀

�	฀)NDUSTRIAL฀SITE฀s฀WITH฀APPROX�฀��฀YEARS฀OF฀CHEMICAL฀PLANT฀OPERA

TIONS�฀ CURRENTLY฀EXCLUDED฀ FROM฀USE�฀-AIN฀POLLUTANTS�฀ CHLORINATED฀HY

DROCARBONS�฀E�G�฀DICHLOROMETHANE฀�#(�#L�	�฀TRICHLOROMETHANE฀�CHLO

ROFORM฀#(#L�	�฀���฀
฀DICHLOROETHANE฀�%THYLENE฀$ICHLORIDE฀
฀%4%	�฀

�	฀ )NDUSTRIAL฀ SITE฀ s฀ WITH฀ MAIN฀ POLUTANTS�฀ KEROSENE฀ �NAPHTA	�฀ !C

CORDING฀TO฀ACTUAL฀LAB
ANALYSESS�฀THERE฀ARE฀MAINLY฀HYDROCARBONS฀#�
#��฀
�DETAIL฀ANALYSES฀IN฀PROGRESS	�

�	฀0ORT฀TERMINAL฀BUILT฀IN฀����
���฀GASOIL฀STATION฀FOR฀SHIPS�฀0ARTLY฀EX

CLUDED฀FROM฀USE�฀-AIN฀POLUTANTS�฀MINERAL฀OIL�฀PETROLEUM฀HYDROCARBONS฀
�DIESEL฀OIL	฀AND฀"4%8�

4HE฀ FIELD฀EXPERIMENTS฀CONDUCTED฀ON฀SELECTED฀SITES�฀ IS฀DIVIDED฀ IN฀
TWO฀STAGES�

0(!3%฀)฀s฀ACTIVE฀REMEDIATION�฀CHEMICAL฀DEGRADATION฀OF฀
CONTAMINANTS

4HE฀MAIN฀CONCEPT฀OF฀503/),฀APPROACH฀IS฀THE฀INITIATION฀OF฀BASIC�฀
SIMPLE฀CHEMICAL฀REACTIONS฀�OXYDATION�฀REDOX	฀LEADING฀TO฀CONTAMINANTS฀
DECOMPOSITION฀ UNDER฀ CONDITION฀ THAT฀ NATURAL฀ SOIL฀ BIODEGRADATION฀ PO

TENTIAL฀ IS฀PRESERVED�฀!S฀ A฀ RESULT฀NATURAL฀BIODEGRADATION฀OF฀POLLUTANTS฀
PROCESS฀IS฀TRIGGERED฀AFTER฀ACTIVE฀REMEDIATION฀PHASE�฀#HEMICAL฀REAGENTS฀
COULD฀BE฀ADDED฀AS฀LIQUIDS฀OR฀GAS฀PHASE�฀AS฀DIRECT฀INJECTION�฀OR฀INFILTRATED฀
TO฀WELLS฀OR฀PIESOMETERS฀�TEMPORARY฀OR฀PERMANENT฀WELL฀POINTS	�฀/NE฀OF฀
THE฀APPLIED฀SOLUTIONS�฀IS฀)3#/฀APPROACH฀�)N
3ITU฀#HEMICAL฀/XIDATION	�฀
4HE฀IDEA฀OF฀)3#/฀IS฀A฀SOIL฀AND฀GROUNDWATER฀REMEDIATION฀THAT฀INVOLVES฀
THE฀INJECTION฀OF฀A฀CHEMICAL฀OXIDANT฀INTO฀THE฀SUBSURFACE฀TO฀BREAKDOWN฀
COMPLEX฀ORGANIC฀CONTAMINANTS฀BY฀REACTING฀WITH฀THE฀CONTAMINANTS฀TO฀
PRODUCE฀ INNOCUOUS฀ SUBSTANCES฀ SUCH฀ AS฀ CARBON฀ DIOXIDE฀ AND฀ WATER�฀
4HE฀EFFECTIVENESS฀OF฀ )3#/฀ IS฀MOSTLY฀DETERMINED฀BY฀CONTACT฀ TIME฀OF฀
THE฀ CHEMICAL฀ OXIDANT฀ WITH฀ CONTAMINANTS�฀ LOCAL฀ SOIL�WATER฀ CONDITIONS฀
�GROUND฀ TYPE�฀ HYDRO฀ GEOLOGICAL฀ CONDITIONS	�฀ THE฀ AMENABILITY฀ OF฀ THE฀
CONTAMINANT�S	฀TO฀BREAKDOWN฀BY฀THE฀APPLIED฀OXIDANT�฀AND฀ALSO฀OXIDANT฀
HALF
LIFE�฀4HESE฀PARAMETERS฀DETERMINE฀QUANTITY฀OF฀ADDED฀OXIDANT�฀AND฀
INJECTION฀SPACING฀IN฀FULL
SCALE฀APPROACH�฀3EVERAL฀DIFFERENT฀CHEMICAL฀OXI

DANTS฀CAN฀BE฀USED฀FOR฀)3#/�฀E�G�
• &ENTONoS฀REAGENT฀/(
r฀�CATALYZED฀HYDROGEN฀PEROXIDE฀(�/�	
• ACTIVATED฀PERSULFATES฀3/�
r

&IG�฀��฀#ONCEPT฀OF฀ENVIRONMETAL฀REMEDIATION฀IN฀503/),฀PROJECT

4ABLE฀�

'ENERALLY฀WELL
ESTABLISHED฀FOR฀A฀WIDE฀RANGE฀OF฀CONTAMINANTS฀REACTIONS

#ONTAMINANT฀TYPE
/XIDANTS

-N/� 3�/� 3/�
r &ENTONoS /�

0ETROLEUM฀(YDROCARBONS ' '�% % % %
"4%8 0 ' '�% % %
0HENOLS ' 0�' '�% % %

0OLYCYCLIC฀!ROMATIC

(YDROCARBONS฀�0!(S	
' ' % % %

#HLORINATED฀%THENES฀�0#%�฀4#%�฀$#%�฀6#	 % ' % % %
#HLORINATED฀%THANES฀�4#!�฀$#!	 0 0 '�% '�% '
0OLYCHLORINATED฀

"IPHENYLoS฀�0#"S	
0 0 0 0 '


0
POOR�฀'
GOOD�฀%
EXCELLENT฀OXIDATION฀EFFICIENCY�฀

฀COMBINATIONS฀OF฀GAS�LIQUID
INJECTIONS฀�E�G�฀OZONE฀AND฀PERMANGANATE฀ETC�	
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• PERSULFATES฀�EG�฀SODIUMPERSULFATE฀.A�3�/�	
• HYDROGEN฀PEROXIDE฀(�/�

• PERMANGANATE฀�EG�฀POTASSIUM฀OR฀SODIUM฀+-N/��฀.A-N/�	�
4HESE฀OXIDANTS฀ CAN฀ RAPIDLY฀DESTROY฀MANY฀ORGANIC฀ CHEMICAL฀ CON


TAMINANTS฀ AS฀ E�G��฀ CHLORINATED฀ HYDROCARBONS�฀ 0!(S�฀ "4%8�฀ PHENOLS�฀
4#%�฀0#%�฀$#%�฀6/#�฀4HE฀OXIDANT฀EFFICIENCY฀ IS฀MAINLY฀DETERMINED฀
BY฀ITS฀OXIDATION฀POTENTIAL฀�6	�฀2EACTIONS฀ARE฀GENERALLY฀WELL
ESTABLISHED฀
FOR฀A฀WIDE฀RANGE฀OF฀CONTAMINANTS�฀AS฀SHOWN฀IN฀4ABLE฀��

&URTHERMORE฀NEW฀MACHINES฀AND฀MONITORING฀SYSTEM฀ARE฀DEVELOPED฀
IN฀THE฀PROJECT�฀)NNOVATIVE�฀REAL฀TIME฀MONITORING฀OF฀REMEDIATION฀PROG

RESS�฀AND฀MATHEMATICAL฀MODELING฀ARE฀TO฀BE฀APPLIED฀�HYDROGEOLOGICAL฀AS฀
WELL฀AS฀BIOCHEMICAL฀PROCESSESS฀MODELLING	฀TO฀ALLOW฀FOR฀FEEDBACK฀DRIVEN฀
REMEDIATION฀PROCESS�฀

0(!3%฀))฀s฀NATURAL฀BIODEGRADATION฀PROCESS
!CCORDING฀TO฀PROJECT฀SETTINGS�฀AFTER฀ACTIVE฀REMEDIATION฀STAGE�฀THE฀

BIOLOGICAL฀POTENTIAL฀OF฀SOIL�WATER฀MATRIX�฀SHOULD฀BE฀SUFFICIENT฀FOR฀NATURAL฀
BIOREMEDIATION฀PROCESS฀INITIATION฀��MONITORED�฀NATURAL฀ATTENUATION	�฀)N฀
THIS฀CASE�฀DURING฀THE฀FIELD
EXPERIMENTS฀SOIL฀MICROBIOLOGICAL฀ACTIVITY฀AND฀
ENVIRONMENT฀REGENERATION฀POTENTIAL฀INVESTIGATIONS฀WILL฀BE฀MADE�

,ABORATORY฀AND฀PRACTICAL฀ASPECTS
4HE฀COMPLEX฀SET฀OF฀ANALYSES฀AND฀TESTING฀COVERING฀LABORATORY฀WORK฀

�CHEMICAL�฀BIOCHEMICAL�฀HYDROGEOLOGICAL฀AND฀HYDROGEOCHEMICAL	฀GIVES฀A฀
CHANCE฀FOR฀IMPROVEMENT฀AND฀DETERMINATION฀OF฀COUPLING฀IN฀SITU฀BIOLOGI

CAL฀AND฀CHEMICAL฀METHODS฀THROUGH฀DEVELOPED฀NEW฀TECHNICAL฀KNOWLEDGE฀
ON฀EFFECTIVE฀USE฀OF฀AVAILABLE฀MATERIALS฀AND฀TOOLS�฀4HE฀BASIC฀RESEARCH฀ON฀
NEW฀INNOVATIVE฀TECHNIQUES�฀TOOLS฀AND฀MATERIALS฀OPENS฀NEW฀POSSIBILITIES฀
FOR฀RAISING฀THE฀EFFECTIVENESS฀OF฀BIOLOGICAL฀AND฀CHEMICAL฀METHODS�

)N฀THIS฀PART฀NEW฀MATERIALS฀AND฀NEW฀TECHNIQUES฀ARE฀TESTED฀IN฀LABO

RATORY฀AND฀ON฀PILOT฀SCALE�฀4HE฀EXISTING฀KNOWLEDGE฀ON฀SOIL฀AND฀GROUND

WATER฀ NATURAL฀ ATTENUATION฀ AND฀ THE฀ METHODS฀ IS฀ USED฀ TO฀ FULLY฀ RECOVER฀
THE฀ENVIRONMENTAL฀QUALITY�฀!T฀THE฀SAME฀TIME฀KNOWLEDGE฀ON฀LONG฀TERM฀
SOIL฀REHABILITATION฀IS฀USED฀TO฀DELIVER฀COMPLEX฀SOLUTIONS฀�BIOLOGICAL฀AND฀
CHEMICAL	฀FOR฀SUSTAINABLE฀RECOVERY฀OF฀SOIL฀PROPERTIES฀WITH฀FULL฀REGARD฀TO฀
RISKS฀OF฀NEGATIVE฀SIDE฀EFFECTS฀AND฀INTEGRATED฀THROUGH฀ADVANCED฀MANAGE

MENT฀AND฀CONTROL฀TOOLS�

-ETHODS฀ AND฀ APPROACHES฀ DEVELOPED฀ ON฀ THE฀ BASIS฀ OF฀ LABORATORY฀
ANALYSES฀ARE฀IN฀THE฀NEXT฀STEP฀TESTED฀ON฀SELECTED฀SITES฀WITH฀ACTIVE฀PARTICI

PATION฀OF฀SMALL฀AND฀MEDIUM฀ENETRPRISES฀IN฀REAL฀BUSINESS฀CONDITIONS฀TO฀
SHOW฀THEIR฀APPLICABILITY฀AND฀EFFECTIVENESS�฀4HE฀RESULTS฀ARE฀DISSEMINATED฀
WITH฀THE฀FOCUS฀ON฀THE฀POTENTIAL฀STAKEHOLDER฀INTERESTS฀IN฀PRACTICAL฀APPLI

CATION฀OF฀THE฀PROJECT฀RESULTS฀IN฀FULL฀SCALE฀�INCLUDING฀FINANCIAL฀INSTITUTIONS�฀
INDUSTRY฀REPRESENTATIVES�฀CONSULTANTS�฀DECISION฀MAKERS	�฀

3UMMARY฀
503/),฀APPROACH฀ADDRESSES฀AT฀THE฀SAME฀TIME฀TWO฀ASPECTS฀OF฀SUS


TAINABLE฀REMEDIATION�฀SHORT฀TERM฀ACTION฀ALLOWING฀FOR฀QUICK฀SITE฀REDEVEL

OPMENT฀�INVESTOR฀AND฀SOCIO
ECONOMICAL฀PERSPECTIVE	฀AND฀LONG฀TERM฀RE

HABILITATION฀OF฀SOIL฀PROPERTIES฀�ECOLOGICAL฀PERSPECTIVE	�฀)T฀GIVES฀A฀CHANCE฀
TO฀INCLUDE฀IN฀BEST฀BUSINESS฀PRACTICES฀REDEVELOPMENT฀OF฀DEGRADED฀LAND฀
AND฀FULFILLING฀SOCIAL฀EXPECTATIONS฀OF฀SUSTAINABLE฀DEVELOPMENT�
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