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Abstrac

Bioremediation is one ol the most altraclive technologies for romediation of
environmants contaminated with petroleum products. Treatability and feasibility studies are
eszential to the successful implemaentation of bioremaediation, sither & situ of ax sitv. As part
of the bloremediation demonstration ot a patroleum rolinery in Poland, » treatability and
feasibility study was performad under laberatary and fold conditions. The lakeratory studies
gxamined difforent soit matricss, and differant amendmaents with sppropriate controls, Samples
wiare moniterad for changas of difforances in contaminant, nutriant, micraarganismas, and and
product concanrtrations, Biodagradation rates were moossured by blomass incroasas, carhan
digxide preduction, end oxygen consumption,

i lan

Tha contamination of soils and aquifers with crude petroleum and its products is an
impartant environmental problam, Enhanced bioramadiation haa baen shown to be an afficient
rechnelogy far tha cleanup of petrolaum  contaminated soll and ground watar  [1-3],
Tha contaminated environmenis con be remadiated by wsing ditferent tachnlgues, including
physical contsinment, 1 &ite of In place treatment with tho eddition of chamicals andfor
microorgenisms, and ex sitw trestment by using physical, chomical or blalopicel processes. The
degradation capacities of indigenous microorganiéms can olten be stimulaled with simple
anvironmontal injections. For a successful bioremediation, the hydrology, chamistry
and microbiology of the soil and aquiler has to ba examined. Tha basic steps of an i sifu
bioremadiation process are: {1) site investigation, {21 microbial degradation study {treatability
and feanivility studyl, (3§ systam daesign, (4) operation, and (6 monitoring.

Combined ehamical and microbiglogical invastigations aro o prargguisita for hazard ngsassment
and the prediction of success of in site bisremadiation, Although microbial transformation of
many hydrocarbons has been shown in laboratory oxperimaents, the dpurldatlun ol various
crganic compounds in the envitonment may ba Hmited by meny envirenmantal factors,
incuding nutrient concenlrations snd decreased bioavailability caused by strong adsorption
al hydrophobic compounds 10 the soil matrix. In genaral, it is dillicult 1o stemadate the complex
anvironmental media in laboratory experiments and, tharefore. extrapolations from the
lebaratary 1o the anviranmant must ba regarded caralully,

The prosom study is a part of the bieramediation demonatestion at the Czechowice:-Dziadzica *

Rafingry (Upper Sileaia Rogion of Poland), Enhanced on-site treatmant of soll is planned for the
amptiad oil waeste basin of the Aefinery, This laboratary prainvestigation is to examing
the blodegradation rates of soil and watar petrolaum contaminants, Including recaleltrant
compounds [asphaltones, resinsl, and 1o dotarming the optimal conditiens fer micrebial growth,
Tho study will slso demonsirate the presence of micreorganisms capable of degrading
these conlaminants. The extreme conditions of the environment at this place llow pH, high
clayl could peasant difficulties for blostimulation, The data oblained will ba extrapolated to the
on-gite situation. The presantation includes the prefiminary results of the treatability study.

Matarial and mathods

Water aond three kinds of patroleum  contaminated soil  (litter,
organic soll and cloy] Intended for on-site bloremadiation were taken for experimentstion from
the petroleum waste basins in the refinery. Water samples wore losted in 1 and 2 L
Virtis bigresctors whereas soil samples wore assayed in 100 and 600 mL Edenmeyer flasks.
Tha following water exparimants wera patformad: sarated and unagrated water, asraled water
smendad with 10, 26, 50 and 100% of minimal saits medium (MSM), sorated water amandad
with dolomite £11.19%: wiv), and sarated watar with the addition of formaldahyda {1.5%; wivl.
The composition of MSM added to tha water was that of Wercszylove & Dianova (4], The
following soil exporlmonts were carried out: soll, dolomite and compost slane; soil, dalemite
and compost with the addition of formaldehyde {14%; wiwl, sell amonded with compost angd
dolomite (7:2:11, and smended soil with tormaldehyde (14%; viw), Formaldehyde was added
to the samples in ordor to eiminate the activily of micrcorganisms,

Tha incubation of water and soil samples was corried out at room tamperature for 3 weoks.
Changes in €O, production, redox potontial, pH, temperature and micrabial density ware
gontrollad during the axperiments. The CO, production was maasured by means of the titration
mathad, The pH and radax changes wers controllad patentiomatrdeally with an Oren pHimy.
mater (medal 280A), In the watar exparimants, the oxygen conocantration and uptake
weato measured using bn Orien Opmeter (modal BA0).

Tha quantification of the total microbial populstion and thal cepablo of decemposing crudeo
patrolaum in water and soils was carried out by 1 186 Xviakies (plate and MPN) and direct count
epiflucrescance mathods [AODC, FITC, DAPI, Calcafluor Whitel. In the plate mathod, different
madia such as Standard Mathods Agar [SMA), 1 %5MA, Sabouraud glucosa agar (SGA}, diluted
SGA (1:10) + salts [5), mineral agar by Woroazylove & Dianova [4] saturated with patroloum
vepours wera uiad, In tha MPN mathod, nutriant broth and minetal medium with twa drops of
filtorad crude petrolaum wers appled. Water and soll samples ware  diluted  with
phosphata buifer. Inorder (o compara the results of ditferent axperiments, microbial genoration
time was calculstod., The bacteria and fungl growing on the mineral moedium amendod with
petroleum wero isolasted and examined for petroleum depradation in pura culiure. Tho
miciobiological mathods were those of the US EPA Microbiologicel Methods for Monitering the
Erwiranment [8] and Westinghousa Savannsh River Technology Center [2].

At the starling &nd anding points of the experiments, concentrations of total patroloum
hydrocarbans ITPH), tatal petrelesm arganic carbon (TPOCH, BTEX, naphta ather axtracts {NEE)
and saits NO,, NOy, NH,, PO, ware measured. TPH and TPOC analysos ware perfarmed with
tha IR spectrophetomatie methed uelng corbon tetrachloride for extraction. BTEXa ware
measured by the GC/MS technigue. NEE and solts concantrations wore determined using tho
methods describad in the Polish Standards. PAHs were glso gquantifiod by the HPLC method
with Auorescence detection but the results of PAH analyses will be presented later, On
the basis of the results obteined, substrate porcent mass losses were calculated.
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Hesulis

The highast TRH, TPOC end MEE contamination was ghserved in tha litter while the
highest fote! BTEX concantration was noted In tha clay (Tab, 11. In the erpanic seil end watar,
the contamingtion wes much smaller. Tha water and clay were extremaoly scid wharaas the
organic soil showed the neulrel raaction.

Tab. 1. Selected physico-chomical charactenistics of water, soils, dolomite and compost used
in the weatibility study

Mataria! Witar Litrer GT:IT.": Sley Dalamita Compost
TRH' 5,93 2452 1,34 42.0 0.04 012
TRQL! 12.73 2738 2.9 53.2 D.04 .12
BTER 2.7 292,12 91,71 1098.47 w77 | 1289
MEE? KD 28.11 .71 9.98 0.51 0.01

ph 2.68 4.7 6.9 3.0 8.83 6,756
UomygiLoor gikg MO - not dang
o ppil o pgiky
LI ﬂ
In thee water experiments, the CO,
produstion 12.71-7.6 pLCO, /LM
and ouygen upteka (0,024:0.104
mpdy/Likl were 1oo low to be i —
poad indicators of hydrogarbon gt M SR TR
bladogradation processes, In the S

poroled  weter, the dissolved
oxypea  concentralion  ranged
between §.4-8.4 mpOy /L whereas
in the vnaerated the range wes
4.5:6.9 mgOyL. Trwea paths ol
micrebiological emd  physico-
chemizal changes were obsarved
in the bloraactors, |n the aeratad
ond  wnamended  water,  pH

T TPOE mms Lan [
&

incressed from 2,68 1o over 4 T e s "
during 21 days of the exporiment i
#nd the abundant growth |5 Rl bl

ol filamentous iron  baclera
(Clengthrix sp.) and
slgae sppearcd. In URE  guun | TRH and TPOC mass losses in war experiments

porated and emended watar, no

signifigant pH changas were

noted but tha abundsnt prewth of mobile rod bacteria and yeasts was noticed. These
microorganisms were algo found te be pood degraders of petreleum In pure eulture, The
dolomie caused the pH Increase (up to 7.85) and slimineted the yeasts fram the watar,

Excapt for the unsarated and unamended water, the TPH end TPOC percent mass In.ssua wire
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high {Fig. 11, The BTEX mass losses were elso high {up to 78.2%). However, tho low initial
watet TPH, TPOC end total BTEX concentrations must be emphasized. Since formaldahyde
afficlantly killed the aqueous micro-erganisms and, singe tha BTEX loss in the Rilled water was
57,2%, It con be supposed that, volatization was a significant BTEX raduetion {actor. Tha
amendmaent of water with high guantitios of salts or dolomite maerkedly shortoned the micrabial
genaration time (up to 100x),

Tha amendment of soils with
delomite and compost caused the
pH increase up to 6.9, 7.4 and
G.7 in tha litter, organic soil and
clay, respectivaly. It also
stimulated the €0, produetian
during the first,7-10 days of the
exparimanis, The highest CO,
production was observed In the
amendoed clay (61.2
JLCO,100gpM). From 651.7 10
73.2% ol the CO, originated frem
ihe dolomita ss a product of the
reaction  with ecid soil.  The

ram!lnlnn CD‘ RN th& prﬂduct ur = I“hulmpﬂ‘ll IFII'P:"“.“ - AWPEEER TLaY
microbisl activity. The intensive Mrbnet

growth of micreorganisms waes [ e |

found to occur in both the soil 2 ]

atona and the soil amended with i

dolomite wond compost. The
humidity of the 3o0ils and ToH amd T :
aanisd. soils rafgsd Biwesn Figure 2 TPH and TPOC percent mass losses in sell experimaris
22-34%, The majority of

microorganisma wera killad in the solls snd mixturas tréatad with formaldehyde,

The soils snd soil mixturas with delomite and compost differred in the TPH and TRPOC parcant
mass losses (Fig. 2). The highest hydrocarbon mase lesses were noticed in the cley
and amendod clay. The addition of dolomite and compost to the Kiter caused ths high increase
of the TPH mass loss but alow TPOC mass loss incresse was obtgined, In the orgenic soil and
amended organic soil, the TPOC mass losses were low but the addition of dolomite
and compost to the soil markedly increased the TPH mase loss. The 1otal BTEX mass losses
rengad batween 37-83% and were coused chisfly by the volatilization process. The NEE mass
losses wore 63,6 and 77.7% in tho litver end clay, respectively, No NEE mass loss was
detected In tha erganic soil. The amendmeant of tha soils with dolomite and compost caused
re of small increase of the NEE moes lossas. The mass losses weoro 0, 63 and 85.6% In the
amendad organlc soil, litter and clay, respectively, In the scils end mixtures trested with
formaldehyde, the NEE mass losses ranged between O-4.6%.

Conclysiong

1, In general, the high percant mass losses of petroleum hydrocarbons were nated in the
wator, solls Bnd mixtures exemined. The grestast cantribution of patrolaum degraders
to the hydrocarbon mess lossos wes chearved In the nephta ether axtract fractian {olls}
while the lowest occurred in the totel BTEX fraction, The BTEX mbss losses worn
cousod principelly by the volatilization process.

2. Tha petroleum -hydrocarbon mass losses dependod on the specifiad material and the
treatmant mathod. In the water, tha reduction of tho hydrocerbons was highast. In the



litter, due 1o tha high concentration of racalcitrant compounds (asphalienes, rasins},
the reduction was lowest, Tha aeration and the addition of saltg, dolomite and compaost
to tha water and solls Intensified the microbial activity and the degradation of
hydrocarbens,

1 Patrolaum hydrocarbens and thelr products waere degreded by the microblal
gommunities of bacteria, yeests and filamentous fungl, Mumaerous yeasts wara tha
active degradess of hydrocarbons at low pH,

&, These studias have demonstrated thet, nutrient and pH amaendmonts of the water and
soil wil stimulate indiganous microorganismas to degrade the contaminants present at
the Czechowice-Driedzice refinery.
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