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undergo a certain phote-oxdation—preeesses—under suntight or artificial
Photocatalytic degradation jof crude oil irradiation which in presence of
oxygen and photod¥nsitizer transfersto higly soluble organic compounds in
water such as:alcohols, aldehydes, ketones or carboxylic acids (Ehrhardt,
1987; Ehrhardt and Weber, 1991).

The total ®mission spectra for polyaromatic hydrocarbons in the oil layer
in the studied tanks were compared to that of unweathered sample. The
emission spectrum in the range 300-500nm following the excitation at 310nm
showed that samples contain predominantly three and four ring compounds.
The overall spectrum is not substantially different for weathered samples
compared to that of unweathered oil except for differences in emission
intensities.

Compared to pure. oil, the increase in the decomposition of PAH
compounds * during the first day was greater in presence of TiO, and MgO for
both seasons summer and winter being greater with MgO and at summer
season.

Fast increase.of PAH’s in oil slicks during the first day, being maximized
after 8 hours, may be accompanied by losses of n-alkanes which coincide
with the measured densities and viscosities for the same samples and
explained as for the same reason mentioned above. The decrease in emission
intensities after 8 hours may indicates transformation of fluorescence
hydrocarbons into less or non fluorescent oxidation products of comparable
complexity (Ehrhardt «et al., 1992). These experimental observations support
a hypothesis that aliphatic hydrocarbons are photochemically degraded faster
than PAHs, while afterwards decrease will be due to photodegradation of
PAHs (Gordon et al., 1973; Anderson ef al., 1974; Ehrhardt et al., 1992). Al-
Timari and Al-Imarah (1996) (using HPLC technique) reported that
compounds of two berZene rings linked by five member rings could be lost in
the first week while compounds of three benzene rings decreased in the
second week of spill: Moreover, compounds with four benzene rings showed
slow looses in the first week and started to increase in the following weeks,
while benzene compounds showing an increase in the first week had
decreased slowly afterwards.

The results shown in Figs. 3 and 4 indicate that in addition to sunlight
and temperature effects upon oil spill, oxides used in this study, TiO, and
MgO, which played as photo-sensitizers enhanced the photo-oxidation
process and caused decrease in petroleum hydrocarbons faster than normal
weathering. o
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In conclusion, photodegradation whether naturally or sensitized is

rtant to clean the environment from toxic materials. Photodegradation of
oleum hydrocarbons in spilled oil is enhanced by the oxides TiO2 and’
O being greater in preserice of MgO. Although degradation is taking place
wry fast, the expected photooxidized products may posse at least a similar
“rzat to marine biota as do the parent compounds. Toxicological studies
zculd be investigated for petroleum hydrocarbons and }heir photooxidized
==ducts.
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ABSTRACT

Photocatalysis .was applied to investigate a clean up of expected
environmental oil spill in waterways. Basrah light crude oil (500
ml) was spread upon a surface of river water (30 1) and was
subject to natural irradiation for four weeks during both summer
and winter, in which TiO, and MgO were used separately to
assist photooxidation of the oil. During this time eight samples
from surface oil were taken. Alterations of oil constitutions were
followed by measuring the density and viscosity as well as r
analysis spectroflurometrically. Compared to neat oil, TiOzand = . !
- MgO showed fast increases ‘u density and viscosity in addition
to polyaromatic hydrocarbons (PAHs) during the first few hours
of spill. During the second day, PAHs started to decrease. After
four weeks, the loss of these compounds become larger in
presence of Ti0, and MgO at summer compared to winter.

AN

AN

INTRODUCTION

Oil released into the sea undergoes immediate compositional changes as
results of processes of volatilization, dissolution, partial adsorption, microbial
and photochemical decomposition (Ehrhardt et al., 1992).

Photo-oxidation plays an important role in the weathering process of
spilled crude oil in which polar compounds will generate and increase the
amount of aromatic compounds into the water column by the formation of
hydrophilic oxidized compounds (Berthou et al., 1985; Ducreux _ef al., 1986).

In addition to light and temperature, the unique weathering factors,
petroleum hydrocarbons could be photodegraded with the aid of a catalyst
(Hidaka et al., 1992) and/or by the presence of mlcroorgamsms (Fayad and
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Spectrofluorometry is increasingly being used in oil pollution studies to

measure concentrations of organic compounds in the oil surface (Hundahal
and Hojerslev, 1988; Mason and Kerley, 1988).
For spilled oil, excitation wavelengths recommended for fluorescence
measurments -were different -and ranging from 310 to 400nm (Kasa and
Bajnoczy, 1976) with a variety of extracting solvents such as n-hexane,
cyclohexane, n-heptane... etc. (Literathy and Foda, 1985).

The purpose of the present was to examine the potential of sunlight in the
catalytic degradation enhancement by TiO, and MgO of Basrah light crude
oil spilled mto aquatlc environment.

EXPERIMENTAL PROCEDURES

In the present study three portiens of Basrah light crude oil, each of 500 ml
were spread on the surface of sterilized river water (30 1) in out door tanks.
Two types of photooxidants were used, TiO, and MgO.

The TiO, catalyst (P-25) supphed by Degussa AG, was mostly anatase
powder with a surface area of 55m? g”'. Fine powder MgO was supplied by
BDH.

0.1gm of each of TiO; and MgO were added to the second and third tanks
respectively. The tanks then subjected to natural irradiation for four weeks in
two occasions, summer and wirster. Samples of the surface oil film were
taken and analyzed for density and viscosity in addition to total polyaromatic
hydrocarbons (PAHs).

Technique used'for sampling firom surface film was identical to the " glass
plate technique " of Harvey and Burzell (1972). Densities and viscosities of
surface oil film were determimed at different periods of time by using
standard density bottles and viscometer compared with distilled water in
which all measurements were done at fixed temperature.

PAH’s were analyzed spectrofiluorometrically in which cyclohxane (Ridel
de Haen, redistilled in glass) was wsed as a solvent. Fluorescence spectra were
obtained by Shimadzu Spectorfluorophatometer RF-540 fitted with Shimadzu
Data Recorder DR-3 and 1 cm quartz cell. Wavelengths were set for
excitation at 310nm and emission @t 360nm.
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—| RESULTS AND DISCUSSIO

Tie quantity of oil used (500 ml) were chosen according to previous study in
which it covers the whole surface of water in the tank with a thickness of 3.8
'E s ~ mm approximatly (Al-Timari and Al-Imarah, 1996).
Temperature recorded for water surface beneath oil layer in each tank was
higher than water column which reflects oil warming up during day time due
"to_its lower heat capacity compared to water and would be expected to warm
at day and cool at night rapidly (Cross, 1992). 1

Generally the pattern of results obtained for the three tanks during summer
and winter were identical, (Figs. 1-4).

Densities and viscosities of oil layer measured at different periods of time
changed similarly for both sets of experiments. For pure oil they increased
rapidly at early hours of the first day of spill and nearly leveled afterwards,
while oil in other tanks with TiO, and MgO showed more increase in
densities and viscosities, with the highest being for MgO, upto the first 6-8
hours of spill and was reversed afterwards as shown in Figs. la and 2a.

The rapid changes in the density and viscosity at early spilled time were
expected due to major losses of highly volatile fractions through evaporation
to the atmosphere and dissolution in the contacting water (Kennicutt, 1988).
The results were similar to the weathering behavbiour for Khafji crude oil
(Nawwar et al, 1987). In the presence of TiO, or MgO the revearse
bahaviour in density or viscosity after 6-8 hours taking place could be
explained on the basis of degradation by catalytic photooxidation of high
molecular weight compounds being more with MgO than TiO, (Ehrhardt et
al., 1992). The same results were found during winter season but with slightly
lower values of density and viscosity because of lower temperature effect,
and the differences in effects were small between the three tanks as shown in
Figs. 1b and 2b.

The effect of weathering upon oil slicks in the three tanks was monitored
by fluorescence measurement at different periods of time. Fluorescence
analysis was employed because it can provide a suitable finger-print since
Weathering of oil have no drastic effect on the fingerprint (Mason and Kerley,
1988). ;

Experimental observation by emission spectra (Figs. 3 and 4) reveled
that changes in the constitutions of petroleum hydrocarbons in the oil layer
Were very large during the first day and reduced afterwards. Petroleum
hydrocarbons whether floated on surface or dissolved in water column could
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