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NTRODUCTION:

Polycyclic aromaiic hydrocarbens (PAHS) are a growp of compoeunds containing two or more fused aromatic rings.
They are present in fuel oils, crude ofls, and creosote. Due fo their low solubility and high carbon partiioning
characteristics, PAHs accumulate in soils, The US EPA has listed 16 PAHs as priority’ pollutanis. Eight of them
are kknown 1o be poszible or probable carcinogens. Oihers are possibie or probable mutagens, The senerally
accepted soil remedistion goal is 0.1 mg'kg fur individual carcenogenic PAHS', Soil contamination can be in the
1000's mp/'kg ronge for conl tar contarninated sites”, thus the importence of developing an economical soil
remedigtion technology for PAH contaminated soils,

There has been extensive research in ihe last 5 to 10 years on biological remediation technnlogies. This research
has varizd from studying specific isolates and degradetion pathways ¥ 1o optimizing biological reactors with
mixed cultures ™, Agueous phaze biclogical treatment of 2- through S-ring PAHs are well documented and are
readily degradable even at pilot scale.” PAH removal from MGP soil biotreatments have shown remediation of 2
and 3-ring compounds within 6 to 8 weeks but litde removal of the 4 to 6-ring compounds.® The commonly cited
rate limiting step has been the desospiion and solubiiization of the compound into the bulk liquid. It is widely
aasumed that sorption of organic compounds reduces the bloavailability of the compound, tat some isolates have
been found to have the capecity to mineralize sorbed naphthalens”. The solubilization limiting step has been
pddressed by reszarches by utilizing surfactanis 1o merease solubilitv. Chemical solebilizimg apents increassd
solubility but were not found to enhance biodegradation™ while bioemulifiers did tend to increase degradation of
the higher ringed PAHs". Surfactants have had limited success in enhancement of bicremediation thus another
pretreatment process must be developed.

An emerging field in the treatmeni of PAH iz the remediation of agueous phase PAHs using Advance Ouxidation
Processes. AOPs are processes involving the generation of OH radical from ozone, hydrogen peroxide, and UV
lght', Teapido'” and Beltran " subjected agueous phase PAH: to various AOP processes snd obtained somplete
minaralization within eight minutes. These promising resulis have lead to the application of AQP processes 1o PAH
contaminated soils. The wosk In this ares i limited.. Yao and Matsen' subjected soil, spiked with individual PAH
placed in & column, t0 gaseous ozone for one hour to obiain 70% removal of phenathrene and 10% removal of
pyreme. Apother study incorporstes an oxidation pretreatment to enhence the bioremediztion of Phenanthrene
centaminated solls™, this research shows promising results for the desorption of the PAH into the aguecus phase
and enhancement of biological degradation of the reaction producis . In this study, we hypothesized that the AQP
prefregtment progesses will introduce hydroxylated and ring cleavage products which will be desorb and be more
aménabie to biodegracation. This paper will foces on wsing an integmted approach of plivsicochemical
prefreatment processes (ADPs) o enhence subsequent biological degradation of PAH contaminated soils. The
concentrations of the parent PAH compounds and the oxidation products wers trecked in both the solid and the
aqueous phase.
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MATERIALS AND METHODS:

The employed Advanced Cwidation Processes (AOPs) were Orone and Orone/Hydrogen Peroxide. Each AQOP
process was iested at three pH conditions. Soils were spiked per Sims™ using a concentration of 0.83g/kg
Phenanthrene, Pyrene, and Benzo[a]pyrene dissolved in a methylene chloride solution. A sofl slurry of 3% sclids
by weight was prepared and placed in a complate mix batch reaactor. After a 30 minute reaction time the reactor
was analred per the flow sheet shown in Figure 1.
EXPERIMESTAL ANAL TSI -Relarive toxicity test analyzed per Polytox system developed by Polvbac,
A—*E\J—_E‘-’Hﬂf_ LREE-:EE-F o -5C0D0 and COD analyzed per the HACH closed reflux micro
T method using the HACH DR/2000 direct reading spectrophotometer.
Ef-'nl'-’-*-'t"-""'"""‘" EOLYTOX -DOC and TOC analyzed by EPA Method 415.1 and performed
f by Mountain States Analytical of Salt Lake City Utah.

Py -Phasz separation and DCM extraction

i SGOFID HP 6890 wi nonpolar Restek column, Data HP Chemstation,
-GOWS HF 6890 w/ HP 6890MSD w' nonpolar DB-1 column.

SLTRATE solm -Crzone residual analyzed per Standard Methods 4500-0,B the

5:_|:|:- cég indigo colorometric method.

N } - Hydrogen peroxide residual analyzed using the photometric method
= T:x developed by Bader,

LRID ULTRASONIS
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frj'-’-‘“-E f"—‘* FIGURE 1: FLOW SHEET OF EXPERIMENTAL ANALYSIS
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From the TOC, DOC, SCOD, and COD data the total Oxidation State and the dissolved Oxidation state for asch
sample shall be determined. The Oxidation state is defined as: Oxidation State = OX = [4[TOC-COD}}TOC.
CODTOC-vs-Ontidation State and the SCODVDOC-ve-dissolved Oxidation State was plotted to show relative
ability for biological remediation as developed by W, Eckenfelder. The Cuxidation State parameter shall be used
determine relative degree of biodegradability in lizu of BOD as suggested by W. Eckenfalder™ in his book
“Industrial Pollution Comtrol” and in & joint paper with A. Bowars atc..
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FIGURE 2: GC/FID ANALYSIS OF 30 MIN PRETREATMENT W/ G3 @ pH 35
(FH-pheaonthrese, INT STD-Interaal Stondord, PY-pyrene, B(a)P-Benzo(a)pyrens)
&) Soil Fhase Time=3; b) Soil Phase Time=30min
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FIGURE 3: GO/FTD ANALYSES OF 30 MIN PRETREATMENT W/ O3 @ pH 3.5
(FH-phenanthrene, INT STD-Internal Standard, PY-pyrens, B{a)P-Benze(a)pyrent)
o) Aqueons Fhase Time=0; b) Aqueous Fhase Time=30 mia
COMCLUSIONS:

Ozone is an effective oxidant for absorbed as well as soluble PAHs. A 30 minute reaction time resulted in a twvo
order of magnitude decrease in the solid phase PAH concentrations, There were no parent PAH compounds found
in the aquecus phase afier pretreatment. The most abundant resction products were hydroxylated 1,2-
Benzenedicarboxylic acids per GC/MS analysis,. The COD decreased from 364mg/L to 138 mg/L while the SCOD
increased from Img/L te 226mg/L during treatment. There was no detectible inhibition after ozone treatment per
the polytox test, Thus ACF pretreatment of slurmy-phase PAH contaminated soile is a promising remediation
technology. In its final form, this paper will present GC/MS data elucidating imermediates and products of AQP
pretreatment as well as biodegradability enhancement data at different stages of pretreatment,

1.Keith, L, W. Telliard, “Priority pollutants 1-year perspactive view." Environ. Sci. Technol.. 13, 416-423
{1979) .

2 . LaGoy, P. and T. Quirk, "Establishing Generic Remediation Goals for the Polyeyelic Aromatic
Hydrocarbons: Critical Issues™, Environmental Heaith Perspectivas, vol. 102, No., 4, Apr. 1994,

3 . Kastner, M., M. Brever-Tammali, and B, Mahro, "Enumeration and Characterization of the soil mizro

flora from hydrocarbon-contaminated soil sites able to mineralize polycyclic aromatic hydrocarbons
{(FAH)L" Appl. Microbiol. Biotechnol (1594) 41:267-273 .

4 , Bouchez, M=, D. Blanchet, and J. Vandacasieele, "Degradation of polveyelic aromatic hydrocarbons by
pure strains and by defined strain associations: inhibition phenomena and cometabolism.™ Appl. Microbiol
Biotechnol {1995} 43; 156-164,

& . Cuiright, T, and 5. Les, "Microorganizms and metabolic pathway: for remediation of PAH
contem inaied s04)." Fersenius Envic Bull 3: 413-421 (1994),

£ . Schneidar, Grosser, Jayasimbulo, Xuve, and Warshawsky, "Degradation of Pyrene, Benz[ajanthracene,
and Benzola]pvrene by Mycobacterium sp. Strain RIGII-1335, Isolated from a Former Coal Gasification
Site." Applied and Environmental Microbiology. Jan 1996, p. 13-19.

453



7. Yare, B, "A comparison of soil-phase and slurry-phiase bioremediation of PNA-containing soil.™ ON-
Site Bioreclamation Processes for Xenobiotic and Hydrocarbon Treatment, Baticlie Memorial Institute,
Columbis, Ohio, 1897,

8. Cutright, T, 8. Lee, "Bioremediation: A Competitive Alemative for the Cleanup of Contaminated
MOGP Sites.” Energy Sources. V. 16, pp. 269-277.

. Mueller, Lantz, Blattmann, and Chapman, *Bench-scale evaluation of alternative treatment processes
for the remediation of Pentachlorophenol- and Creosote-contaminated materials: Slurry-phase
bioremediation.” Envrion Sci Technol 199] , 25, 1055-10861

L0 . Muller, Lantz, Blattmann, and Chapman, "Bench-scale evaluation of aliernative biological treatment
of Pentachlorophenol- and Creosote-contaminated materials: Solid-phase Bioremediation.” Environ, Sei.
Technol, 1991, 25, 1045-1055,

11.5mith, J. and J. Bratina, "An overview of treatment technologies applicable to cozl derived
contaminated waters and wastewater," Paper published in the i '
g ' C ived Substances

of Coal 5 gs. Hysit Palo Alio,
Palo Alto, CA. May 16-17, 1980,

12 . Smith, 1., D. Nakles, M. Cushy, and D. Morgan, "Application of Blodegradation Screening Protocol
o Contaminated Soils from Manufactured Gas Plant Sites * Gas, Oil, Coal, and Environmental
Biotechnology I1, Edited by C. Alun and J. Smith,

23 . Guerin, W. and 8. Boyd, "Differential Bioavailability of Soil-Sorbed Naphthalene to Two Bacterial
species.” Applied and Environmental Microbiology, Apr, 1992, g 1142-1152.

14 .LAha, Liu, Edwards, and Luthy, "The potential for solubilizing agents to enhance the remediation off
hydrophobic organic solutes in soil-water suspensions." Gas, Oil, Coel, And Envitanmental Biotechnology
1, Edited by C. Alun, and I. Smith.

15 . Gauger, Kilbane, Kelley, and Srivastave, “Enhancement of Microbial Degradation of Hydrocerbons in
Soil and Water.” Gas, Oil, Caal, and Environmental Biotechnology I1," Edited by C. Alon and 7. Smith,

L& . Hong, A, M. Zappi, ¢, Kuo, D, Hill, “Modeling Kinetics of Illuminzied and Dark Advemced
Oxidation Processes” Journal of Environmenta! Engineering, Jan, 1996, p. 58-62.

17 . Trapido, M., Y. Veressining, and B, Munter, "Ozonation and Advanced Onidation Processes of
Polycyclic aromatic Hydroearbons in Agueous Solutions. A Kinetic Study” Environmental Technology v.

18.Beltran, F., G, Ovejero, J. Encinar, and J. Rivas, "Oxidation of Polynucleer Aromatic Hydrocarbons in
water, 1. Czonaiion.” Ind, Eng, Chem. Res. 1993, 34, 1596- 1604,

15.¥ao, L and 5. Matsen, "Use of Ozone for the Oxidation of VOCe and PAHs in the presence of
Neturally Oceurring Organic Matier” 46th Purdue Indusirial Waste Confarence Proceedings.

20. Kemenade, Anderson, Scharer, and Moo-Young, "Bioremediation Enhancement of Phenanthrene
Conteminated Soils by Chemical Pre-Oxidation” Hezardous Waste and Hazardous Materisls, v, 12, No. 4,
19s,

41. Sims, R, K. Park, and R, Dupont, "Transformation of PAHs in Soil Systams®, ], of Environmental
Engineering, Vol. 116, No. 2, pp 632-540, 1990,

<2 . Bader, Strurzenegger, and Hoigne, “Photometric methed for the determination of low concentrations
of hydrogen peroxide by the peroxidase cotalyzed Oxidation of N,N-Digthyl-p-Phenyvienediamins (DPDy,™
Wat. Res. V, 22, N, % p.1i08-1115.

23. Bowers, A, P. Gaddipati, W, Eckenfeldar, Jr,, and B. Mosan, "Treatment of Toxic ar Refractory
Wastewaters with Hydrogen Peroxide”, Wat. Sci. Tech. Vol, 21, pp 477-485, 1989,

454



