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One of the major environmental problems nowadays is petroleum hydrocarbon contamination, partic-
ularly in the zones of petroleum production, and petrochemical industries. This study was carried out
to evaluate the potential of two green algae Scenedesmus obliquus and Chlorella vulgaris to degrade
crude oil. Experiments were performed by incubating algal cultures with 0.5, 1, 1.5 and 2% crude oil for
incubation period of 15 days under heterotrophic conditions. It was found that Scenedesmus obliquus and

Chlorella vulgaris performed the highest biodegradation rate of crude oil when 0.5 and 1% oil was applied.
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The highest growth of S. obliquus was attended with 0.5% crude oil; while it was recorded at 2% for
C. vulgaris, under the same heterotrophic conditions. Both algae could grow and degrade oil effectively
when incubated with low concentrations of oil.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Soil and water hydrocarbon pollution, which represents a very
serious environmental problem, has been attracting considerable
public attention over the last decades. The main sources of hy-
drocarbon pollution are the spills and leaks of petroleum products
(Potter, 1993). Bioremediation is an emerging technology that uses
plants and microorganisms to clean up the environment from
pollutants and is cheaper than other remediation technologies
(Leahy and Colwell, 1990). Numerous microorganisms, including
bacteria, fungi and yeasts have the ability to degrade hydrocarbons
(Oudot et al., 1993; Chaillan et al., 2004; El-Sheekh et al., 2009).
Some species of algae are capable of heterotrophic growth on
organic carbon sources (Neilson and Lewin, 1974). The ability of
algae to degrade organic pollutants is the reason for their growth in
the presence of pollutants. Cerniglia et al. (1980) proved the ability
of nine Cyanobacteria, five green algae, one red alga, one brown
alga, and two diatoms to oxidize naphthalene. Walker et al. (1975)
isolated an alga, Prototheca zopfi which was capable of utilizing
crude oil and a mixed hydrocarbon substrate exhibiting extensive
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degradation of n-alkanes and isoalkanes as well as aromatic
hydrocarbons. Luther and Shaaban (1990) Luther (1990) confirmed
the ability of Scenedesmus obliquus, to utilize naphthalene sulfonic
acids as a source of sulfur for biomass production. Tikoo et al. (1997)
observed that three species of Chlorella degrade pentachloro-
phenol. Yan and Pan (2004) reported that more than 30 azo com-
pounds were biodegraded and decolorized by Chlorella pyrenoidosa,
Chlorella vulgaris and Oscillateria tenuis, in which azo dyes were
decomposed into a simpler aromatic amine.

This work aims at studying the potential of microalgae Scene-
desmus obliquus and Chlorella vulgaris for crude oil biodegradation,
which also includes (i) Biodegradation of crude oil by the micro-
algae. (ii) The hydrocarbon degradation capacity under the labo-
ratory conditions. (iii) The ability of S. obliquus and C. vulgaris
to grow under the heterotrophic condition in the presence of
crude oil.

2. Material and methods
2.1. Isolation of algae

The green algae Scenedesmus obliquus and Chlorella vulgaris
Beijerinck were isolated from water samples collected from River
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Fig. 1. Effect of different concentrations of crude oil on growth of Scenedesmus obliquus
measured as optical density (560 nm).

Nile near Tanta city, Egypt. The algae were purified through serial
dilution followed by plating. Each algal colony was isolated and
inoculated into liquid medium at 25 °C + 1 Stanier et al. (1971). The
purity of cultures was ensured by repeated plating and regular
observation under the microscope.

2.2. Algae cultivation with crude oil

Crude oil was added to 250 ml Erlenmeyer flasks containing
100 ml BG11 medium with appropriate amount of algal culture to
give a total crude oil concentrations (0.5, 1, 1.5 and 2%). The
Erlenmeyer flasks were incubated at 25 + 1 °C at a constant shaking
rate of 80 rpm under dark condition.

2.3. Assessment of algal growth

The biomass of algae was determined by measuring the optical
density of the algal suspension at 560 nm (Wetherell, 1961) using
Unico UV-2000 spectrophotometer.

2.4. Pigments estimation

A known volume of culture was centrifuged at speed of
(8000 rpm) for 10 min, after that the algal pellets were treated
with known volume of ethyl alcohol and kept in water bath for
30 min at 55 °C, and then centrifuged again. The colour of pellets
must be white to ensure maximum extraction of pigments. If it was
not the extraction must be repeated. Absorbance of the pooled
extracts was registered on Unico UV-2000 spectrophotometer at
650, 665 and 452 nm. Calculations were made according to the
formulae devised by Senger (1970) for chlorophyll a, chlorophyll b
and carotenoids.
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Fig. 2. Effect of different concentrations of crude oil on growth of Chlorella vulgaries
measured as optical density (560 nm).

Table 1

Effect of different concentrations of crude oil on Chlorophyll-a,b and Carotenoids
content of Chlorella vulgaris (ug/ml). Values are mean of 3 replicates + standard error
of the mean.

Crude oil 3th day
conc.

Chlorophyll-a 0.5
(ngml™) 1.0

7th day 11th day 15th day

124+ 00 3.30+0.06 455+0.23 422+0.20
143 £030 2.69 +0.02 5.65+ 031 5.17 +0.26

15 1.50 + 034 3.41+001 536+0.18 6.13 +1.29

2.0 161+ 004 322+034 482+ 052 442+ 034

Chlorophyll-b 0.5 204+00 1.75+0.05 479 +0.86 431+ 027

(ngml™) 1.0 221+003 1.78+0.17 553 +023 514+ 023

15 207 + 084 2.62+026 4.94+045 622+ 124

2.0 235+ 053 221+031 456+ 046 421+ 043

Carotenoids 0.5 1.61+£00 128 +038 0.52+023 0.11 = 0.07
(gml™) 1.0 070 £0.19 1.13+£0.06 020+001 000

15 0.87 £0.08 134+0.09 059 +0.03 024+ 024

2.0 1.07 £ 051 124+0.11 034 +008 0.30 = 0.07

2.5. Biodegradation activity of the algae for crude oil

Biodegradation of crude oil was analysed by using GC—MS
HP 6890 gas carrier helium (1 ml/min). Capillary Column.
30 m x 0.25 rnm ID x 0.25 um film and the temperature pro-
gramming was 70—290 °C, 5/15 min.

2.6. Statistical analysis

Experiments were conducted in triplicate. Results were
expressed as 4 standard error of the mean.

3. Results and discussion
3.1. Estimation of algal growth

Results in Figs. 1 and 2 show the heterotrophic algal growth
using crude oil as sole carbon source. The growth of S. obliquus
increased in the presence of high concentrations of crude oil as
compared with C. vulgaris. The highest growth of S. obliquus was
attended at 0.5% crude oil, while it was recorded at 2% crude oil for
C. vulgaris. This result is in agreement with Gamila and Ibrahim
(2004) who indicated that the treatment of algal culture of
(S. obliquus, Nitzschia linearis) with crude oil led to prolongation of
the growth phase as well as high algal biomass production. Kong

Table 2

Effect of different concentrations of crude oil on Chlorophyll-a,b and carotenoids
content of Scenedesmus obliquus (pg/ml). Values are mean of 3 replicates + standard
error of the mean.

Crude oil 3th day 7th day 11th day 15th day
conc.
Chlorophyll-a 0.5 497 +0.10 7.82 + 147 4.01 +0.82 6.26 +0.23
(igml™") 1.0 493 + 059 5.95+ 044 5.60+028 4.56 + 0.36
1.5 423 +0.37 332+0.08 5.65+0.08 6.32+1.58
2.0 3.23 £0.77 5.69 +0.68 3.54 +062 5.83+ 0.34
Chlorophyll-b 0.5 8.02 £0.02 693 +138 0.65+006 6.70+ 0.49

(ugml™') 1.0 7.69 £ 0.49 6.934 + 0.10 0.28 + 0.077 4.57 + 0.25
1.5 6.04 +0.70 6.93 +2.33 0.08 + 0.08 6.30 +2.29
2.0 391 +£1.00 693 + 145 0.51+0.21 6.19 + 0.61
Carotenoids 0.5 0.0 0.0 3.06 + 045 0.0
(ngml™') 1.0 0.0 0.67 £ 022 4.1+018 02 +0.12
1.5 0.05 + 0.05 0.0 4,05+ 0.08 0.03 + 0.03
2.0 1.01 £ 045 0.0 255 +040 0.0
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