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INOVATIVNE TEHNOLOGIJE ZA PROSTORNU KARAKTERIZACIJU NAFTNOG
ZAGADENJA - FLUORESCENCIJA INDUKOVANA LASERSKIM ZRACENJEM
(LIF)
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Kljuéne reci: podzemne vode; naftni ugljovodonici; prostorno okonturenje zagadenja

Lokacije zagadene naftim ugljovodonicima spadaju medu najéeSée istrazivane sa
hidrogeoloskog aspekta u Sjedinjenim Americkim Drzavama. Ovo je posledica Siroke upotrebe naftnih
ugljovodonika i ¢injenice da spadaju medu najcesce izvore zagadenja podzemnih voda i geosredine.
Troskovi istrazivanja i remedijacije zagadenih lokacija su izrazito visoki, re¢ je o finansijski unosnoj
oblasti profesionalne hidrogeologije u SAD.

Prostorno definisanje rasprostranjenja zagadenja ispod povrSine terena je preduslov za primenu bilo kog
remedijacionog pristupa. Fluorescencija indukovana laserskim zracenjem (LIF) je relativno nova
tehnologija koja se primenjuje za detekciju i okonturenje naftnog zagadenja u podzemlju. Metoda se
zasniva na kontinualnom utiskivanju sonde u sediment, koja emituje ultraljubicastu svetlost i izaziva
fluorescenciju policikli¢nih aromati¢nih ugljovodonika (PAH). Intenzitet zagadenja sredine se registruje
na osnovu sadrzaja PAH, ¢iji je intenzitet fluorescencije izrazen u vidu procenta referentnog emitera
(RE).

Primena LIF sistema omogucava detekciju slobodne nevodene faze tecnosti (NAPL) i rezidualnog
zagadenja ispod povrsine terena. Treba naglasiti da primenom LIF nije moguée registrovati zagadenje
rastvoreno u podzemnim vodama, tacnije rastvoreno zagadujuce “telo” (eng. plume). Sa druge strane,
LIF omogucava prostornu karakterizaciju slobodne i rezidualne NAPL faze u zoni zasi¢enja, kao i u
nadizdanskoj zoni. Ova inovativna metoda omogucéava detekciju naftnih derivata (benzin, dizel, kerozin,
itd), ali ne i individualnih ugljovodonika. U poredenju sa konvencionalnim metodama istrazivanja,
primena LIF omogucava trenutni uvid u intenzitet i dubine zagadenja registrovanog u busotini.
Precizinije, oCitavanja se vrSe u realnom vremenu.

Ovo istrazivanje je izvedeno na lokaciji zagadenoj naftnim ugljovodonicima u Pensilvaniji, SAD.
Primenjen je LIF sistem najnovije generacije razvijen od strane kompanije Dakota Technologies.
Prisustvo “lake” faze zagadenja (LNAPL) je potvrdeno u 6 od 17 buSotina. Intenzitet referentnog
emitera (LIF signala) je bio u rasponu od 45% do 225%. Primena LIF sistema je omoguc¢ila precizno
definisanje prisustva LNAPL faze. Rezultati su ukazali da ne postoji znacajan “rezervoar” LNAPL
zagadenja duz profila koji se smatrao primarnim pravcem migracije zagadenja. Prisustvo zagadenja je
bilo sporadicno, koncentrisano uglavnom u zoni kontakta izdanske i nadizandske zone. Sveukupno,
primena LIF sistema doprinela je preciznoj delineaciji LNAPL zagadenja ¢ime je stvorena osnova za
sledece korake u remedijaciji ove industrijske lokacije.

155

Book of abstracts



18t Serbian Geological Congress "Geology solves the problems", Divcibare, June 01s:-04th 2022,

18. Kongres geologa Srbije "Geologija reSava probleme", Div¢ibare, 01-04 jun 2022. Zbornik apstrakata

PETROLEUM HYDROCARBONS CONTAMINATION - LASER-INDUCED
FLUORESCENCE (LIF)
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From the hydrogeological standpoint, hydrocarbon-contaminated sites are among the most
studied in the United States. This is due to the widespread use of petroleum hydrocarbons; and the fact
that they are among the most common groundwater and geologic media contaminants. The costs of
contaminated sites investigations and remediation are substantial , and this is a lucrative field of
professional hydrogeology in the United States.

Spatial characterization of the contamination in the subsurface is a prerequisite for any remediation
approach. Laser-induced fluorescence (LIF) is a relatively novel technology used to detect and delineate
petroleum hydrocarbon contamination in the subsurface. The method is based on the continuous push
of a probe into the soil, which emits ultraviolet light and causes the fluorescence of polycyclic aromatic
hydrocarbons (PAH). The contamination intensity is registered based on PAH presence, whose
fluorescence intensity is expressed as a Reference Emitter (RE) percentage.

The use of the LIF system enables the detection of the free phase and the residual - nonaqueous phase
liquids (NAPL) in the subsurface. It should be emphasized that the LIF system cannot register PAHs
dissolved in groundwater (dissolved petroleum hydrocarbon plumes). On the other hand, LIF enables
the free phase and residual NAPL spatial characterization in the saturated and vadose zones. Based on
the LIF signal response type it is possible to estimate the type of the NAPL (gasoline, diesel, fuel oil,
kerosene, crude oil, etc), however, it is not possible to detect the individual hydrocarbons. Compared to
conventional technologies, the LIF application provides instant insight (i.e. real time readings) into the
relative intensity and the depth of the petroleum hydrocarbons in the borehole.

This study was conducted at a site contaminated by petroleum hydrocarbons in Pennsylvania, USA. The
applied LIF system was the latest generation of technology developed by Dakota Technologies Inc. The
presence of light nonaqueous phase liquids (LNAPL) was confirmed in 6 of 17 boreholes. The intensity
of the RE (LIF signal) ranged from 45% to 225%. The LIF system application enabled the precise
delineation of the LNAPL phase. The results indicated no significant "reservoir" of LNAPL along the
profile, which is considered the primary direction of contamination migration. The presence of pollution
was sporadic, concentrated mainly at the saturated-vadose zone interface. Overall, the LIF system
application has contributed to the precise delineation of LNAPL contamination, thus providing a basis
for the next steps in the remediation of this industrial site.
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