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AsstracT. During the invasion of Kuwaijt, Iragi invaders destroid oil
wells. As a result 60-80 million barrels of crude oil contaminated
about 49 Km? in the desert of Kuwait. The residual oil in a polluted
areas in the desert of Kuwait was measured during the years 1992,
1993 and 1994, Results of the analysis of the residual oil show that the
saturates fraction decreased from 23.4% in the first year to 11.9% in
the second year, and nearly disappeared in the third year. The aromatic
and the resin fractions decreased then increased again, while the
asphaltene fractions increased and accumulated during the last two
years.

The residual n-alkanes and iso-alkanes of the saturates fraction
were followed be gas chromatography. During the first year less
quantities were removed during the second year. On the other hand
most of the n-alkanes (except traces of some components) were
removed during the last year. It was observed that high molecular
weight n-alkane (C31) was accumulated in the soil samples collected
during this year.

Oil-degrading bacteria showed positive response to the exposure to
oil pollutants, their ratios of the counts of the polluted samples (SP) to
that of control samples (SC) ranged from 3.7-50. In contrast the SP/SC
ratios of the total bacteria, actinomycetes, cellulose decomposers and
thermophiles were in the range of 0.03-4.2. Fungi were of positive
response to oil pollutants than bacteria, their SP/SC ratios ranged from
47-11.1.

The microbial mixture activity of each soil sample to biodegrade
petroleum oil and its fractions was studied. It was found that
biodegradation activity of the microbial population of the polluted soil
samples decreased with decreasing the residual oil pollutants. In soil
samples of 3.9% residual oil, 37.5% crude oil, 51.2% of the saturates
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and 17.4% of the aromatics were biodegraded. When the residual oil
was 0.1% in the last year, 17.0% of the added crude oil and 20.3% of
its saturates fraction were biodegraded, while none of its aromatic
fraction was biodegraded. As a comparison, microbial population of
the control soil samples showed less biodegradation activity.

The utilization of n-alkanes of the saturates fraction was followed
by gas chromatography. Kuwait crude oil (KOC Blend) contains
n-alkanes Cjp- C;4 as well as a number of iso-alkanes. Weathering
was found to remove C;,-C;3, most of Cj4 and slight reduction in the
other components.

The pattern of n-alkanes utilization varied according to the
structure of the microbial community and the amount of residual oil
present in each soil sample. Microbial population present in polluted
soil samples collected during 1992 and 1993 resulted in the removal of
all n-alkanes except traces of some components. Microbial populations
of the soil samples collected during the last year, removed large
quantities of such components. On the other hand microbial
communities found in the control soil samples also succeeded in
removing large quantities of n-alkanes, but slightless than those of the
polluted soil samples.

A total of 92 fungal isolates (62 from the polluted samples and 30
from the control samples) were identified. Aspergillus sppl and
Stemphyllium spp were sensitive to oil pollution.

Aspergillus sppll, the dominant fungus in the polluted samples was
identified as Aspergillus tereus, it was selected and studied for its
biodegradation activities. The results show that this fungal species was
able to utilize in 21 day 30% of the crude oil, 31.8% of the saturates
fraction and 13.8% of the aromatic fraction. It succeeded to utilize
most of the components of the n-alkanes.

A total of 90 bacterial isolates were isolated from colonies
appeared on oil- silica gel plates. All strains from soil samples
collected during 1994 and of control soil samples were Arthrobacter
spp. Pseudomonas was more frequent (80%) in soil samples of 3.7%
pollutants. Six isolates, two Pseudomonas spp and four Arthrobacter
spp representing cultures showing very good growth on media
containing petroleum as the only carbon source, were selected and
studied for their abilities to degrade crude petroleum and its fractions.
Pseudomonas spp showed biodegradation activity more than the
Arthrobacter spp. They degraded 11.2-16.8% of the crude oil, 26% of
the saturates and 5.6-6.8% of the aromatics.

On the other hand Arthrobacter spp isolated from the polluted soil
samples showed more activities than Arthrobacter spp of the control
soil samples. Three strains of Arthrobacter were able to degrade
1.3-4.6% of the resin fraction.
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Results of the utilization of n-alkanes by the above bacterial strains
show that biodegradation accomplished by Pseudomonas spp resulted
in the removal of most the n-alkanes. On the other hand Arthrobacter
spp showed less activities than the Pseudomonas. Arthrobacter spp (1
& 2) isolated from the polluted soil samples were found to remove
more n-alkanes than those isolated from the control soil samples. The
appearance of an increase of n-alkanes C30 was noted during the
growth of Pseudomonas spp and Arthrobacter spp.

Petroleum hydrocarbons that contaminate an ecosystem, affect the size and
composition of the indigenous microbial community. The most widely documented
response of microbial community to exposure to petroleum oil is a rapid increase in
the size of hydrocarbon utilizing components of the community. Odu (1972) found
that in sandy soil, oil contamination resulted in changes in the physical and
microbial population of the soil. In heavily polluted sandy soil, a considerable
increase in carbon/nitrogen and microbial numbers were obtained.

Jensen (1975) found that a strong increase in bacterial numbers occurred after
oil application and this increase occurred within all groups of bacteria except spore
formers and streptomycetes. The number of bacteria increased with increasing oil
concentration up to a concentration of 4-5%. At higher concentrations, the results
showed some variation, but no regular trend. Oudot et al. (1987) found that three
years after the contamination of an agricultural soil with a fuel spill, biodegradation
of the fuel in the soil was achieved, and after five years the residual compounds had
no significant effect on the density and specific composition of the microbial
populations of the soil. Hydrocarbon oxidizing Corynebacterium and Nocardia spp.
were isolated. Most of the active fungi were Aspergillus spp., Penicillium spp and
strains of Paecilomyces, Acromonium, Fusarium and Gleocladium.

Iraqi invaders during their invasion to Kuwait, destroyed petroleum oil wells
and as a result, 60-80 million barrels oil gushed from the wells to cover an area of
about 49 km? in the desert of Kuwait, and more than 70 oil lakes were formed.
About one third of the soil in this area was contaminated with 5-20% of the oil.

Remediation of these contaminated soils is needed. The first step in soil
remediation is to study the potential impacts of oil pollutants in soils, and this
includes measurements of either the effect on the integrated response of the
community metabolic activity or the response of specific segments of the community
such as cellulose degraders or various specific taxonomic groups (Buckley 1980).
Accordingly, the aim of the present work is to study the effect of the spilled
petroleum oil on the size and composition of some groups of the microbial
community in the untreated polluted soils, and to throw a light on oil biodegradation
activity of the microbial content of these soils.
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Materials and Methods

Collection of Soil Samples

Soil samples were collected under aseptic condition from a polluted area in the
desert of Kuwait. Control soil samples were collected from a non polluted site. Each
sample was a mixture of at least three samples collected from different spots in the
same area. Samples were collected from a 5-15 cm depth during April, 1992, 1993
and 1994.

Determination of the Residual Oil and its Fractions

For determination of the residual oil, 25 g. air dried soil was shaken twice with
200 ml chloroform. The extracts were pooled, dried over anhydrous sodium sulphate
and evaporated. The residue in each soil sample was calculated as per 100 g soil.

A known weight of the residual oil was suspended in n-hexane and filtered
through tared filter paper to remove and to determine the insoluble fraction
(asphaltene). The hexane soluble fraction was fractionated into saturates, aromatics
and resins by liquid solid chromatography as described by Oudot (1984). The
saturates fraction was further resolved by gas chromatography for the separation of
the different components of n-alkanes.

Microbiological Methods

Total viable bacteria, actinomycetc: fungi, cellulose decomposers and
thermophiles were counted using the usual dilution plate method. Nutrient agar
(Difco) supplemented with 0.1% yeast extract and 0.4% soluble starch was used for
counting total bacteria and thermophiles. For counting actinomycetes and fungi,
inorganic salts starch agar (ISP 4) and malt extract agar were used respectively.
C'cllulose decomposers were counted as described by Diab and Al-Gounaim (1984).
Incubation periods were 5-7 days at 30°C for total bacteria, actionmycetes and fungi,
15 days at 30°C for cellulose decomposers and 2-3 days at 50°C for thermophiles.

For counting oil-degrading bacteria, 50 gm of soil sample was suspended m 100
ml distilled water and shaken for 15 minutes. Ten ml. of the supernatant was filtered
on a sterile filter membrane (0.4 vm). The membrane was removed and located on a
plate of oil-silica gel medium containing crude oil as the only carbon source, and
prepared as described by Walker and Colwell (1976). Four plates were used for each
sample. The plates were incubated at 30°C for a period of 21 days after which the
developed colonies were counted and expressed as counts/g air-dried soil (free from
oil). All colonies developed were isolated, purified and subcultured on a suitable
medium. Identification of bacteria was carried out using the methods recommended
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in Bergey's Manual of Systematic Bacteriology Vol. 1, 2 (1984, 1986) and Bergeys
Manual of Determinative Bacteriology (1994).

Determination of Oil Biodegradation Capacity of the Soil Samples

To evaluate the oil biodegradation capacity of the microbial mixture found in
each soil samples, 50 g soil was suspended in 100 ml sterile distilled water and
shaken for 5 minutes. Ten milliliters of the suspension was introduced into a 250 ml
conical flask containing 50 ml of the medium used by Fedorak and Westlake (1981),
and supplemented with 0.5% w/v of crude petroleum oil (KOC Blend). The oil was
sterilized by passing through a 0.45 vm membrane. At least six flasks were used for
each soil sample, three for the evaluation of the biodegradation capacity and the
other three for the evaluation of non-biological factors (each flask was poisoned by
the addition of 0.5% HgCl, solution). All flaks were incubated for 21 days at 30°C
on a rotary shaker operated at 100 rpm, The same methods were used for the control
soil samples.

At the end of the incubation period the residual oil was recovered using the
method described by Oudot (1984). The recovered oil was fractionated into
saturates, aromatics, resin and asphaltenes by the methods described before. The loss
of oil and its fractions during the incubation period can be determined. The saturates
fraction in each sample was resolved by gas chromatography to determine the loss of
each component of the n-alkanes.

Selection of Active Oil Degrading Microorganisms

One milliliter of the bacterial suspension (10° cells) of each organism was
introduced into 100 ml conical flask containing 20 ml of the same medium used
before and overlaid by 0.5% (w/v) sterilized crude oil. The flasks were incubated at
30°C on a rotary shaker operated at 100 rpm for a period of 21 days. Biodegradation
activity was indicated by measuring the absorption due to optical density of the
turbidity in the liquid phase of the culture at 450 nm. Cultures showing 1-10 in the
absorption scale were considered active strains and given (++), those of 11-20
absorption were moderately active (+) and other strains of (21-30) were considered
weakly active (+). Active strains were selected and studied for the biodegradation of
oil and its fractions by the same methods described before.

During the study of the fungal flora of each soil sample, Aspergillus sp II was
recorded as a dominant species in the polluted samples. It was selected, and studied
for the biodegradation of oil and its fractions by the same methods used for bacteria.
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Results and Discussion

The area from which the soil samples were collected represents a sandy soil
type with pH 8.1-8.6 for the control samples, and 7.6-7.8 for the polluted samples.
The soil samples studied were untreated, deficient in nitrogen and phosphorous
content.

Results of chloroform extractable materials (Table 1) show that soil samples
collected during 1992 contained 3.9% residue, while sample collected during the
years 1993, 1994 contained 0.7% and 0.1% respectively.

Results of the analysis of the residual oil into its fractions (Table 1) show that
the saturates fraction decreased from 32.4% (g/100 g residue) in the first year to
11.9% in the second year, and 0.01% in the third year. On the other hand the
aromatic fraction was 25.4% (g/100 g residue) in the first year, then decreased to
7.5% in the second year and increased again in the third year (this increase was due
to the disappearance of the saturates fraction). The same trend was observed for the
resin fraction. Asphaltene fraction, on the other hand, increased and accumulated
during the last two years (66.8% - 55.0%).

Table 1. Residual contents (g/100g soil) of petroleum oil and its fractions (g/100g) residue) in dif-
ferent soil samples collected during 1992, 1993 and 1994. From each polluted soil sam-
ple 200 mg of the residual oil was fractionated into saturates, aromatics, resins and as-
phaltene fractions

Residual Content / 100g
Residual oil and its fractions

1992 1993 1994
Oil 3.90 0.70 0.10
Saturates 32.40 11.90 0.01
Aromatics 25.40 7.50 15.00
Resins 26.70 13.80 30.00
Asphaltene 15.50 66.80 55.50

The residual n-alkanes and iso-alkanes of the saturates fraction were followed
by gas chromatography and the results are found in Figs. 1-3. During the first year
less quantities were removed from the soil (Fig. 1), while large quantities of such
compounds were removed during the second year. On the other hand most of the
n-alkanes (except traces of some components) were removed during the last year
(Fig. 3). It was observed that high molecular weight n-alkane (C3!) was
accumulated in the soil samples collected during this year.
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Fig. 1. Gas chromatogram of residual n-alkanes showing the removal of less quantities during the

year, 1992,
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Fig. 2. Gas chromatogram of residual n-alkanes showing the removal of large quantities during
the year, 1993.
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Fig. 3. Gas chromatogram of residual n-alkanes showing removal of most of the components
during the year, 1994,
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Results of total viable bacterial counts (Table 2) show that during the first year
(1992) when the residual oil was 3.9%, higher counts were recovered (84.4 x 10%/g
soil), and the SP/SC was 4.2. This was followed by a sharp decrease with decreasing
oil residue, so that the number of total viable bacteria during the last year was nearly
at the same level as in the control-nonpolluted samples. Jensen (1975) found that the
number of bacteria increased with increasing oil concentration up to a concentration
of 4-5%. Other investigators (e.g. Jones et al. 1970, Gudin and Syratt 1975, Sextone
and Atlas 1977, 1978, Pinholt er al. 1979, Diab 1991, Al-Gounain et al. 1992), also
found that petroleum application to soil increased total microbial counts as well as
caused shifts in the composition of the microbial community.

Table 2. Counts/g soil of the different groups of microorganisms in the polluted soil samples as
compared to the control, nonpolluted samples, during April, 1992, 1993 and 1994

Microorganisms 1992 1993 1994
Total bacteria x 107 SP 84.4+2.1 22.3+0.81 14.9 +£0.37
SC 208+ 1.5 32.7+0.6 16.8£0.15
SP/SC 42 0.7 0.9
Actinomycetes x 1073 SP 0.8 +0.04 5.0x05 40+04
SC 314 2.0 128.0+£4.0 59.0+3.0
SP/SC 0.03 0.04 0.07
Fungi x 107 SP 15.5+0.18 6.0x£0.15 3.8+0.48
SC 1.4+0.01 0.9+£0.09 0.8+£0.01
SP/SC 111 6.7 4.7
Thermophiles x 1073 SP | 38+0.15 7.8+0.3 1.4+0.16
SC 62.0%2.0 60.4+24 7.2+0.30
SP/SC 0.06 0.13 0.19
Cellulose decomposers x 1072 SP | 0.3+0.0] 0.5+0.04 1.0£0.01
SC 2.6%0.10 3.3+0.28 3.1+0.25
SP/SC 0.1 0.15 0.32
Oil-degrading bacteria x 1072 sp | 250%12 48+04 22402
SC | 0.5%0.07 0.4+0.07 0.6 +0.07
SP/SC 50.0 12.0 3.1

SP/SC = ratios of the counts of the polluted samples (SP) to that of the control samples (SC).
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Actinomycetes were found to be sensitive to oil pollution their number
increased with decreasing oil content. Their SP/SC ratios were in the range of
0.03-0.07.

Fungi exhibited a more positive response to oil pollution than bacteria as
indicated from their SP/SC ratios (11.1 — 4.7). Jensen (1975) reported that the
activity of fungi tends to persist long after bacterial activity has tapered off. Perry
and Cerniglia (1973) reported that though fungi are lower in number, they adapt
more rapidly to adverse environmental conditions, such as limiting nitrogen and
phosphorus. Davies and Westlake (1978) suggested that filamentous fungi may
enhance o1l biodegradation in soil indirectly by their mycelial invasion of the soil,
thus providing increased surface contact area for bacteria capable of initiating
hydrocarbon biodegradation. The same suggestion may be applicable to
actinomycetes. Jensen (1975) found that a number of actinomycetes have been
shown to have hydrocarbon degrading ability, though these organisms do not seem
to compete as successfully in contaminated soil. Their slower growth, however, may
infer a more dominant role in the later stages of hydrocarbon biodegradation.

Cellulose decomposers and thermophiles were of negative response to oil
contamination and their SP/SC ratios were less than one. Walker et al. (1974, 1975)
found that oil would decrease utilzation of chitin, cellulose, lipids and proteins.

The results of the counts of oil-degrading microorganisms (Table 2) show that
this group of microorganisms had a positive response to the exposure to oil
pollutants. Their SP/SC ratios ranged from 50 during the first year to 3.7 during the
last year. The counts of oil degraders in this polluted arid desert soil, as compared to
other habitats, were low, ranging from 25.0 to 2.2 x 10/g soil, probably due to
limiting nitrogen and phosphorus. Vecchioli et al. (1990) found that in untreated
clay loam soil, hydrocarbon degrading bacteria were in the 10° range and the
addition of a 10% loading rate of an aromatic hydrocarbon mixture increased the
number of total viable soil bacteria and hydrocarbon degraders above the counts in
untreated soil.

Results of the capacity of the microbial population in each soil sample to
biodegrade oil and its fraction are found in Table 3. It was found that the
biodegradation activity of the microbial population of the polluted soil samples
decreased with decreasing the residual oil pollutants (Table 3). In soil samples of
3.9% residual oil, 37.5% crude oil, 51.2% of the saturates and 17.4% of the
aromatics were biodegraded. Decreasing the residual oil to 0.1% in the last year,
17.0% of the crude oil and 20.3% of the saturates were biodegraded, while none of
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the aromatic fraction was biodegraded. As a comparison, the microbial population of
the control soil samples showed less biodegradation activity (Table 3).

Table 3. Biodegradation (%) of crude petroleum oil and its fractions due to microbial mixture ac-
tivities of each soil sample

Biodegradation (%)

Crude oil and
its fractions 1992 1993 1994
SP SC SP SC SP SC
Crude oil 3754 8.2+ 260+ 6.8 & 17.0+ 59+
Saturates 512+21184+08]488+1.0 ] 159+1.01203%+09|17.1£09
Aromatics 17.4 £0.8 - 11.9+07 | 6.1+x0.6 - -
Resins - - - - - -

SP = Polluted soil, SC = Control, not polluted soil.

The utilization of n-alkanes of the saturates fraction was followed by gas
chromatography and the results are presented in Figs. 4-11. Kuwait crude oil (KOC
Blend) contains n-alkanes Cj, - Ci4 as well as a number of iso-alkanes. Weathering
was found to remove C;, - C;3, most of Cj; and slight reduction in the other
components (Fig. 4).

The pattern of n-alkane utilization varied according to the structure of the
microbial community and the amount of residual oil present in each soil sample. The
microbial population present in polluted soil samples collected during 1992 and
1993 resulted in the removal of all n-alkanes except traces of some components (Fig.
5-6). Microbial populations of the soil samples collected during the last year,
removed large quantities of such components (Fig. 7). On the other hand microbial
communities found in the control soil samples also succeeded in removing large
quantities of n-alkanes, but slightly less than those of the polluted soil samples (Figs.
8-10).

During the period of study, 92 fungal isolates were isolated, 62 from the
polluted soil samples and 30 from the control samples. Results of the identification
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Fig. 4. Gas chromatogram showing pattern of n-alkanes components found in weathered crude oil
(KOC-Blend).

Fig. 5-6. Gas chromatogram showing the utilization of most of the components of n-alkanes
(except traces) by microbial population found in soil samples collected during 1992, 1993,

Fig. 7. Gas chromatogram showing the utilization of large quantities of the components of
n-alkanes as a result of activities of microbial community found in soil sample collected

during 1994,




664 Effect of Petroleum Oil Pollution on the ...

(Table 4) show that Aspergillus sppl and Stemphyllium spp were sensitive to oil
pollutants. They were absent from the polluted soil samples during the period of

Table 4. Numbers and percentages of fungal species isolated from the different soil samples
during the period of studies

1992 1993 1994 Total
Fungal Species

No | % [ No | % | No| % | No | %
1- Aspergillus spp 1l SP 20 | 100 | 19 [ 864 | 15 | 750 54 | 87.1
SC 4 1267 2 |222( 1| 167 7 |233

2- Aspergillus sppl SP - - - _ — = = _
SC S 333 4 (444 3 |500]) 12 |400

3- Aspergillus niger SP - - | 4.5 = - 1 1.6

SC - - - - - - - —

4- Stemphyllium spp SP - - — - - - - —
SC 3 1200 1 1.1 - - 4 13.3

5- Alternaria spp SP - - I 4.5 3 - 4 6.5
SC I 6.7 1 ey - - 2 6.7

6- Fusarium spp SpP - - | 4.5 - - 1 1.6
SC - - 1 11.1 1 167 2 6.7

7- Penicillium spp SP - - - - 2 - 2 3.2

SC - - - - - - - -

8- Halocladium spp SP - - - - - - - -
SC 1 6.7 ~ - 1 1671 2 6.7

9- Stachybotrys spp Sp - - — = - = - =
SC 1 6.7 - - - - ! 33

Total Sp 20 |322] 22 |355( 20 |322] 62 -

SC 15 | S00 9 |300] 6 |200]| 30 -

SP = Polluted samples, SC = Control samples.
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studies. On the other, hand Aspergillus sppll was the dominant fungus (75-100%) in
the polluted samples. Other species of low frequency such as Aspergillus niger,
Alternaria spp, Fusarium spp and Penicillium spp were also recorded in the polluted
samples. Oudot et al. (1987) reported that most of the oil-degrading fungi were
Aspergillus spp and Peniciliin spp, but strains of Paecilomyces, Acremonium,
Fusarium, and Gleocladuim were also identified.

Aspergillus sppll, the dominant fungus in the polluted samples was tentatively
identified as Aspergillus terreus, it was selected and studied for its biodegradation
activities. The results (Table 5) show that this fungal species was able to utilize in 21
days 30% of the crude oil, 31.4% of the saturates fraction and 13.8% of the aromatic
fraction. It succeeded in utilizing most of the components of the n-alkanes (Fig. 11).

A total of 90 bacterial isolates were isolated from the colonies which appeared
on the silica gel plates, 66 from the polluted samples and 24 from the control
samples. All strains (20) isolated from polluted soil samples collected during 1994,
and all strains obtained from the control soil samples were Gram positive rods, and
could be identified as Arthrobacter spp. From soil samples collected during 1992,
sixteen isolates (80%) were Pseudomonas spp and four strains (20%) were
Arthrobacter spp. On the other hand, from samples of 1993, two strains (7.7%) were
Pseudomonas and 24 strains (92.3%) were Arthrobacter spp. Jensen (1975) reported

Table 5. Biodegradation of petroleum oil and its fractions by certain microorganisms isolated from
polluted and non polluted soil samples

Biodegradation (%)
Organisms

0il Saturates Aromatics Resins
Pseudomonas sppl 11.2+£0.8 258 £0.45 5.8£0.51 -
Pseudomonas spp2 16.8£0.8 25708 6.8 £0.48 -
Artlirobacter sppl 16.5+0.5 16.8+0.8 - -
Arthrobacter spp2 158+£04 175+t 1.0 - 46112
Arthrobacter spp3 5.6+£0.40 164 +0.1 - 57117
Arthrobacter spp4 6.6 +0.35 150+ 1.0 - 2.8+20.6
Aspergillus tereus 30,0+ 1.0 3141 1.5 13.8+£0.6 -
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Fig. 8-10. Gas chromatogram of n-alkanes showing the removal of large quantities of n-alkanes
components as a result of activities of the microbial population found in non polluted soil

samples collected during 1992, 1993 and 1994 respectively.

Fig. 11. Gas chromatogram of n-alkanes showing the utilization of most of the components by
Aspergillus tereus.
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Fig. 12. Gas chromatogram of n-alkanes showing the utilization of most of n-alkanes components
as a result of Pseudomonas sp.

rig. 13. Gas chromatogram showing the removal of n-alkanes by Arthrobacter sp. isolated from

polluted soil samples.

Fig. 14. Gas chromatogram showing the removal of n-alkanes by Arthrobacter sp. isolated from
the non-polluted soil samples.
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that populations of Arthrobacter, Corynebacterium, Mycobacterium, and Nocardia
showed strong positive responses o 0il contamination. Soil pseudomonads represent
another bacterial group with a major role in soil biodegradation. Pseudomonas
strains were often isolated from oil contaminated environments (Cooper and Hedrick
1976, Diab 1991a) and have been shown to degrade a wide variety of hydrocarbons
including aromatic hydrocarbons (Traxler 1962, Diab 1991b).

Six isolates, two Pseudomonas spp and four Arthrobacter spp. representing
cultures showing very good growth on media containing petroleum oil as the only
carbon source, were selected and studied for their abilities to degrade crude
petroleum and its fractions. Pseudomonas spp showed biodegradation activity more
than the Arthrobacter spp (Table 5). They degraded 11.2-16.8% of the crude oil,
26% of the saturates and 5.6-6.8 of the aromatics.

On the other hand Arthrobacter spp isolated from the polluted soil samples
showed more activity than Arthirobacter spp of the control soil samples. Three
strains of Arthrobacter were able to degrade 1.3-4.6% of the resin fraction.

Result of the utilization of n-alkanes by the above bacterial strains (Figs. 12-14)
show that biodegradation accomplished by Pseudomonas spp resulted in the removal
of most of the n-alkanes (Fig. 12). On the other hand Arthrobacter spp showed less
activity than the Pseudomonas. Arthrobacter spp (1 & 2) isolated from the polluted
sotl samples were found to remove more n-alkanes than those isolated from the
control soil samples (Figs. 13-14). The appearance of an increase of n-alkanes Cj
was noted during the growth of Pseudomonas spp and Arthrobacter spp.
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