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ABSTRACT

Following the Mobil Nigeria UNLIMITED oil spill from the 24" ldoho Qua Iboe Terminal (QIT) pipeline rupture of
12th January, 1998, a post impact study of the spill on the coastal and estuarine areas of Cross River State,
South Eastern Nigeria, specifically Calabar South coastal areas, was carried out in May, 1998, using
hydrocarbonoclastic microorganisms as indicators. Microorganisms which could grow in Mineral Salt Medium
using Qua Iboe light crude il as source of carbon and energy, were recognised as crude oil degraders, and the
ratio of their counts on Mineral Salt agar to heterotrophic counts made on Tryptone soya agar was used to
establish pollution. 50% of water samples .and 58.3% of sediment samples showed ratios of crude oil
degraders/heterotrophic coupts far greater than 1. There was high significant correlation {r = 0.79) between
respective populations of crude oil degraders in water and sediment at 0.001 probability. These results confirm
gross pollution of the coastal areas. Most organisms which showed ability to utilize QIL crude oil were obligate
aerobes. For example, Bacillus species occurred most frequently (22.3% in water, and 20.1% in sediment),

although a good proportion; of obligate aerobes of other bacterial genera, molds and yeasts, and a few genera

of obligate anaerobes, . wer
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INTRODUCTIOl\F :

Some man-made- ac les that destablhze marine,
coastal or® estuarine: ecosystems are industrial
effluent discharge and oil .;wﬂuuon In particular,
these pollutants signifi¢ rfﬂ&r alter the physico-
chemical components- "the ecological system,
resulting in various: mm '
and fauna of the affected ecosystem

Man, the supreme coordinator of the ecological
system, immediately feels the. impact of the
pollution, expressed in dechhipg economic activities
and hedfth status, loss..of, yaluable property and
resources. That is wh»V thgnmpact of oil pollution
on the envuronment is of great concern to man, and
createsihe cnrcumstances for compensation to be
pa)gi@ ‘affected persons, following a post impact
..-;a"ssé‘ssme.ntv of oil spillage from a company source.

Most of the effects of oil pollution are biological,
and therefore biological impact assessment of oil
pollution has been applicable and useful. However,
most oil pollution assessments or monitoring
programmes have been applied to intertidal zones,
and in some cases, off-shore areas (Baker, 1976).
It follows that oil pollution impact assessments are
most reliable using biological indicators.  For
instance, canaries in coal mines serve as early
warning devices for detecting pollutants (Baker,

1976). The effects of pollutants on sensitive
organisms like limpets, can also be measured.

 observable on the flora

There are some organisms whose presence indicates
the probability of pollution, e.g. Enteromorpha,
which is often abundant in oil or sewage - polluted
areas due to lack of competition (Baker, 1976).
Also, there are bioassay organisms which are
selected organisms used as laboratory ‘reagents’ to
detect the presence and/or concentration of toxic
pollutants, or to rank pollutants in order of toxicity.
For example, the brown shrimp is used for testing
the toxicity of oil spill dispersants (Baker, 1976).

Hydrocarbonoclastic microbes, otherwise referred to
as crude oil degraders, are used as indicators.
Recently, the concept of . enrichment for
hdyrocarbonoclastic microbes in petroleum -
containing soils has been applied to the prospecting
for oil and gas fields (Brisbane and Ladd, 1965}). All
soil samples are known to contain hydrocarbon-
oxidizing microorganisms in the range of 0 to 20%,
thus providing justification for‘the practice of using
soil as the inoculum in enrichment cultures for
isolating hydrocarbon-utilizing organisms (Jones and
Edington, 1968).

Several genera of bacteria and yeasts are known to
contain Aliphatic Hydrocarbon-Oxidizing species.
Examples of such bacteria are Achromobacter,

Arthrobacter, Mycobacterium, Flavobacterium,
Pseudomonas etc., and yeasts such as Candida,
Cryptococcus, Selenotila, Torulopsis, etc
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(Beerstecher, 1954). Filamentous fungi are also
known to be capable of degrading hydrocarbon, and
as a group, appear to bg more versatile than yeasts
in the utilization of short-chain hydrocarbons for
growth {Klug and Markovetz, 1971).

The degradation of hydrocarbon is carried out
mainly by aerobic organisms. However,
involvement of anaerobes in the petroleum
degradation has been reported (Floodgate, 1972).
The petroleum hydrocarbon-degrading
microorganisms therefore have the potential for the
weathering of oil spills, since hydrocarbon is their
-sole sowce of carbon and energy (Odu, 1972 and
Atles, 1981), leading to the disappearance of oil
from the environment. This, however, depends on

. some factors such. as the nature of the soil, the

microbial community, temperature, salinity and
nutrient availability (Atlas, 1981). There are other
factors such as substrate specificity in which there

" are differences in hydrocarbon assimilation by

different microorganisms (Foster, 1962), and
growth in hydrocarbon substrate with limited

~ solubility (Johnson, 1964).

This study is a post impact assessment of the Mobil
Nigeria UNLIMITED oil spill from the 24" Idoho Qua
Woe Terminal (QIT) pipeline rupture of 12th

. Jaaysty, 1998, on the coastal and estuarine areas
"yt Cpong. River State, S.E. Nigeria; and specifically

Calabar South coastal areas, using
hydrocarbonoclastic microorganisms 88 indicators.
This study was conducted five months after the
spill, i.e., from May, 1998 to June, 1998. The
affected- areas and sampling points are shown in
Figure 1. ' '

MATERIALS AND METHODS

(a) SAMPLING METHODS

Water and sediment samples were collected in
triplicates from 15 locations in the creeks of Calabar
South Local Government Area estuary (Figure 1).
Water sampies from low and high tides, and
superficial sediment samples were collected in
accordance wiih the recommended procedures and
precautions {American Public Health Association,
1985), and the use of hand-driven auger,
respectively. Samples were conveyed in icebox to
the laboratory for analysis within 1 to 4 hours, or
refrigerated until required for analysis.

(b) TOTAL HETEROTROPHIC

BACTERIAL COUNT
Ten-fold serial dilutions in the ranges of 10 to 10°
were prepared (Atlas and Bartha, 1981). 1ml
aliquots of sample dilutions of from 10? to 10°

were seeded in sterile petridishes and total
heterotrophic bacterial count was determined by
pour plate technique using tryptone soya agar which
can support the growth of aerobes and anaerobes
(American Pubiic Health Association, 1985, Oxoid
Manual, 1976). For the recovery of aerobes,
tryptone soya agar was used, while tryptone soya
agar was supplemented with 1% (%/,) cysteine
hydrochloride {EDH Chemicals, U.K.) for anserobes.
Aerobic culturas were incubated at 35°C for 48
houts, while anaerobic cultures were incubated in
Baird and Tat-lock anaerobic jar at 30°C for 48 to
72 hrs. Visible number of colonies (between 30 and
300} was multiplied by the reciprocal of the dilution
factor, and recorded as colony-forming units (CFU)
per milliliter of water, or CFU/gram of sediment
{American Pubilic Health Association, 1985).

{c) TOTAL COUNT OF PETROLEUM
HYDROCARBON DEGRADERS

Aliguots of appropriate sample dilutions (in
triplicates) wera incubated in Mineral Salt agar
{MSA) of Zajic and Supplison (1972), reconstituted
with the foillowing composition: 1.8gK,HPO,,
1.2gKH,PO,, 4.0gNH,CI, 0.2gMgS0,.7H,0,
0.1gFeS0,.71H,0, 1000ml distilled water. This was
supplemented with filtered sterilized cycloheximide
antibiotic (Sigma Company, USA) at a concentration
of 40mg/mi to inhibit growth of fungi (Holm and
Jenson, 1972, ljah and Ukpe, 1992). Sterile filter
paper (Whatman No.1) was saturated with Qua lboe
!.ight (QIL) crude oil previously filter-sterilized (Millex
disposable filter unit US pat. 34709, 3386585,
pressure 75 p.s.i., 0.22ml pore size). The individual
saturated filter papers were aseptically placed onto
the cover of the inverted petridishes {Atlas and
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Bartha, 1972, ljah and Ukps, 1992). The plates
were incubated at ambient temperature of 30°C in
an inverted position, after taping round the
petridishes with masking tape, in order to increase
the vapour pressure within the dishes. The crude oil
was the sole source of carbon and energy for the
growth of the organisms through vapour-phase
transfer. Growth colonies were then counted after
' 7 to 10 days of incubation. This treatment was for
both water and sediment samples.

(d) CRUDE OIL UTILIZING ABILITY
OF MICROORGANISMS

Microorganisms in the samples were screened for
their ability to utilize petroleum hydrocarbon as their
sole source of carbon and energy by the
determination of growth turbidity. This was carried
out by dispensing 9 milffliter amount of the mineral
salt medium (MSM) of Zajic and Supplison, {1972)
into test tubes. Following sterilization and cooling,
0.2ml amount of aliquots from 10 to 10 dilutions
were seeded into the madium, followed by 0.1ml
filter-sterilized QIL cruds oil. The cultures were then
incubated as before. Uninoculated tubes containing
the filter-sterilized QIL crude oil were used as
controis.

{e) TOTAL MYCOLOGICAL COUNT

Counts were carried out in triplicates, using
appropriate  dilutions as already described.
However, fungal density was enumerated on Malt
Extract Agar made more acid (pH4.8), to suppress
the growth of bacteria (Oxoid Manual, 1976).

{f) CHARACTERIZATION AND
IDENTIFICATION OF
MICROORGANISMS
Characterization and identification of isolates were
based on morphological exsmination and
bicchemical tests (Beneke and Rogers, 1970,
Buchanan and Gibbons, 1974, Lodder, 1974,

Talbot, 1978, DOMSCH, et. al., 1980, Cowan,
1985, Samson et a/., 1994).

RESULT

Tables 1 and 2 show the results of the analysis of
water and sediment samples respectively. In
addition to microbial counts, the Tables show
calculated crude oil degraders/heterotrophic ratios,
and mycological/heterotrophic ratios. The ratios
help to establish poliution when they are .above
consent limits. Many locations show ratios of more
than 1, indicating that the coastal areas wegre
heavily impacted.

A correlation analysis for total crude oil degraders in
water and sediment showed g correlation
coefficient, r = 0.79. This showed that there was
highly significant correlation between crude oil
degraders in° water and sediment at 0.001
probability.

Table 3 shows the frequency of occurrence of
microbial genera in the samples, and showed
Bacillus occyrring most frequently.

DISCUSSION

Either immediately or after a period of adaptation,
microorganisms have the potential to mineralize any
organic material of biological grigin made available
through excretion, death of organisms, or disposal
by man. A greater part of these 'scavengers’ are
heterotrophic bacteria. Thus, from ecological point
of view, it was necessary to examine the population
of heterotrophs as physiological types, rather than
taxonomic types. A few organisms within the
‘microbial population selectively utilize some organic
compounds, and may thus multiply far more than

TABLE 1: ANALYSIS OF WATER SAMPLES FROM CALABAR SOUTH COASTAL AREAS
S Deseription of Totai Heterotrophic Total Total Crude Ot bilal L gicel Degrad ™M Qi
sampling Lecstion Count on TSA H phi Degraders on Growth in Count on MEA & + H
tAerobes) x 10* Count an TSA MSA + all MSM . QR 10“CFU/mt phic Retic Ratio
CFUImt {Anaarobes) x Crude Ol x Crude O
-~ 10* CFU/mt 10 CFUim .
[+1:3) Duke Town Beach . SPR 6.9 3.1 - 15 ND ND
cs2 Ata Nzo lyak Beach 3.0 2.6 3.0 + 4.4 1.00 1.46
cs3 Edita’s Farm 4.8 7.1 7.2 + 1.7 1.50 0.35
cs4 Edita’s Well 3.0 1.6 3.1 + 3.0 1.03 1.00
€86 Chisf Asuquo Asuquo Fish Pond 2.4 3.0 1.0 - 6.1 2.9 2.54
csS6 Chelt E. Mbukpa Spring 2.0 4.2 1.0 - 1.0 0.50 0.50
cs7? Chiet €, Mbukps Pond 5.6 1.6 1.0 + 4.0 0.17 0.71
cs8 Aqua Vista Farms 3.0 8.0 6.0 - 7.0 2.00 2.33
cso ‘Aqua Vista Borahole *0.0 *0.0 *0.0 - “r0.0 *0.0 ‘0.0
cs10 Ahitu Beach 3.0 1.4 8.0 + 8.3 2.66 2.76
csit Otuo Beach 25.0 7.0 23.0 - 3.6 . 0.92 0.14
csi2 Akani Esuk Utan Borehole *0.0 *0.0 *0.0 - *0.0 0.0 *0.0 !
Cs13 Esuk Effiom *0.0 *0.0 *0.0 . *0.0 | *0.0 *0.0
cs14 Ebula Esuk Orok < 2.5 1.2 1.4 +4 1.5 0.56 (Y-
Cc$18 Pragms Fish Pond 5.8 1.1 3.5 + 5.0 0.62 0.89

KEY:

™) 9 h, growth
Sample were lost
Not Determined
Qua iboe Light
Absence of growth turbidity
Light giowth turbidity

Desp growth tubldity

SPR
ND
oL

e se R NE
’
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TABLE 2: ANALYSIS OF SEDIMENT SAMPLES FROM CALABAR SOUTH COASTAL AREAS
" $iNo Description of Total Total Totel Crude OH Microbiat Mycological Degraders/ Mycological
Sampling Location H i H phi Deagraders on Growth in Count on MEA x Heterotro- Heterotrophic
Count on TSA Couynt on TSA MSA + Qit. MSM .+ Qit 10°CFUIg phic Ratio Ratio
{Aerohes) (Anaesobes) x Crude Oil Crude Oil
x 10 CFuig 10* CFU/g x 10* CFUlg
cs1 Duke Town Beach 9.8 8.2 4.0 1.2 0.4 0.12
cs2 Ata Nso tyak Beach 20.0 6.2 10.5 + 3.0 0.5 0.08
<83 Edite’s Farm 2.6 8.6 10.2 + 1.1 3.9 0.%6
Csa Edita’s Well 2.5 4.8 8.9 + 2.5 3.6 0.04
(=17 Chief Asuquo Asuquo Fisl: Pond 1.4 1.6 1.2 + 1.0 0.8 0.71
CSé Cheil E. Mbukpa Spring 2.5 7.2 7.2 + 6.2 2.9 2.48
cs7 Chisf £. Mbukpa Pond 2.8 - 3.0 + 1.0 1.1 0.36
css Agqua Vista Farms 1.1 1.2 12.0 + 6.2 10.9 5.63
€s9 Aqua Vista Borehole ®0.0 0.0 0.0 . 0.0 @0.0 @0.0
csi1o Abitu Beach 3.0 1.2 15.0 + 6.0 5.0 2.0
cs1 Ofuo Beach 5.0 200 106.0 + 4+ 4.0 7.0 0.26
cs12 Akani Esuk Utan Borehale +0.0 +0.0 +0.0 + +0.0 +0.0 +0.0
cs13 Esuk Effiom 0.0 *0.0 *0.0 + 0.0 *0.0 *0.0
cS$14 Ebuta Esuk Orok 2.5 1.6 5.8 + 4 1.0 0.9 0.16
CS186 Pragma Fish Pond 2.5 2.0 + 6.2 0.0 2.08
KEY: . = Sample ware lost
Qi = Cua tboe Light
- = Absence of growth turbidity |
+ = Light growth turbidity
4+ = Deep growth turbidity
3} = Sample not taken
TABLE 3: FREQUENCY OF OCCURRENCE OF MiCROBIAL
GENERA IN THE SAMPLES STUDIED
S/No Microorganisms Isolated Water. Sadiment
BACTERIA
1 Bacillus 31 24
2 Barcina 2 1
3 Serratia 2 0
4 Achromabacter 1 4
b Clostridum 3 16
. 6 Peptostraptococcus 2 1
7 Micrococcus 7 3
8 Vibtio 7 M)
9 Proteus 6 (4]
10 Psoudomonas 2 L 4
11 Bactervides 2 4
12 Thiobaccillus 1 8
13 Klebsiella 3 1
14 Enterecoccus ] 1
16 Enterobacter 3 1
16 Dasulfovibrio ] 7
17 Aesroinonas 4 V]
i8 Brevibacterium 0 1
19 Corynebactsrium 1 o
MoLDS
1 PeniCitiium 10 10
2 Cephalosporium 1 0
3 Aspergillus 9 13
4 Cladosporium 5 1
% Nigrospora -2 /]
6 Paacilomyces 2 1
7 Rhizopus 1 o]
8 Aureobasidium 0 1
9 Afternaria 2 0
10 Phomes 7. 0
11 Fussrium 7 [+]
12 Mucor 1 1
13 Absidia 4] 2
YEASTS
1 Candida 3 3
2 Saccharomycas 6 4
3 Rhodotarula Q 3




MICROBIOLOGICAL POST IMPACT ASSESSMENT OF MOBIL QIL (IDDHO) OIL SPILL INTHE COASTAL ARE'AS‘UF SOUTH EASTERN NIGERIA 493

- other "scavengers’. The ratio of such organisms to
th¢ entire heterotrophic population can indicate
ether such organisms which selectively utilize
some organic compounds are present in quantities
above the ambient level. Of considerable practical
interest is the biological degradation of accidentally
spilled cils and petroleum, as many hydrocarbon
degrading bacteria are common in coastal areas
where oil spills are more or less chronic {Gundersen,
1976).

Thne ratio of crude oil degraders to heterotrophic
organisms (Tables 1 and 2) was adopted as an index
of oil pollutlon (Wakama et a/., 1989). The rationale
is from the understandmg that the proportion of
bacteria and fungi in sediment is generally greater
than 1% for hydrocarbon-polluted ecosystem.

To validate the use of the ratio, it has been shown
that significant numbers of soil microbes can use
selected hydrocarbons.as sole source of carbon and
energy, and depending on the soif sample used as
inoculum  in enrichment cultures, and the
hydrocarbon employed, the percentage of
hydrocarbon oxidizers ranges from 0 to 20% of the
total population (Britton, 1984). It has been further
demonstrated that soils taken from oil fields contain
a higher pe.centage of hydrocarbon oxidizers
{Britton, 1984). Hydrocarbon oxidizers are also
known to be prevalent in marine environments
{Colwell and Walker, 1977), and as in soil, the
microbial flora of oil-polluted and unpolluted mafine
sites will differ (Britton, 1984).

It follows from the ratios {Tables 1 and 2} that, on
average, the coastal environment of Calabar South
Local Government Area, was significantly impacted
following the oil spill, with the poliution persisting
even five months after the incident. ignoring
sampling locations whose samples were lost, about
50% of the coastal areas were grossly polluted
(Table 1), while sediment samples (Table 2} showed
that 58.3% of the coastal areas were grossly
poliuted. There was significant correlation {r =
0.79) between the populations of crude oil
degraders in water and sediment at 0.001
probability. This confirms gross pollution of the
coastal areas, Aqua Vista Farm {CSg), Ofuo Beach
(CS,,), Abitu Beach (CS,,), Edita’s farm (CS,),
Edita's well {(CS,), and Ata Nso lyak Beach (CS,),
being most highly polluted in order of magnitude of
pollution. On the other hand, it is not clear why
there were low ratios of mycological to
heterotrophic counts in some locations. Although
physico-chemical investigation was not a part of the
primary design and objective of this study, it is
reasonable, however, to attribute the low ratios in
some locations to unfavourable intertidal fluctuatiens -
of some environmental factors such as pH,
temperature and salinity, especially as this impact
assessment was restricted to the marine
environment. Moreover, physical parameters do not

measure the concentrations of specific pollutants in
water; rather, they assess the changes that may
take place in well-defined characteristics as a result
of the addition of potential pollutants (Mckee,
1967). Thus, it is ‘probable that intertidal
fluctuations, especially of the factor of salinity, in
view of its overwhelming level in natural marine
water (Mckee, 1967), could have adversely affected
the fungal population, resulting in the tow ratios in
some locations. Furthermore, there is substrate
specificity in the utilization of individual
hydrocarbons (Foster, 1962), e.g. filamentous fungi
preferentially utilize long-chain n-alkanes more
readily than short-chains for growth (Foster, 1962,
Kiug and Markovetz, 1971, Kachholz and Rehm,
1978). Therefore, the fungal population could
partially depend on the nature of substrate which
probably could have been responsible for the low
ratios in a few sampling focations in this study.

in any case, it has bekn observed in this study that,
mycological count is only a fraction of total crude oil
degraders counts (Tables 1 and 2), and cannot alone
wholy be relied on, ih validating the claim of oil
pollution from its ratio to heteroirophic count.
Where its ratio to heterotrophic count, in
conjunction with crude oil degraders/heterotrophic
ratio, is equal to, or greater than 1, then oil pollution
is confirmed. Therefore the apparentiy low ratios of
mycological to heterotrophic counts in some
locations may not be unusual, since the fungal
population forms a fraction of the total crude oil
degraders in any poliuted location, as in CS3 (Tables
1 and 2), CS4, CS7 and CSH (Table 2).

it is not clear why there was apparent lack of
correlation of growth in MSM and MSA (Tables 1
and 2}, Based on the fact that aliphatic
hydrocarbons are the major components of crude
oils and petroleum products, and whereas not all
species and strains of the genera of
hydrocarbonoclastic organisms are capable of
utilizing aliphatic hydrocarbons as growth substrates
{Britton, 1984}, it -has been established that the
isolation of these organisms is usually based on
competitive growth in selective conditions of
hydrocarbon enrichment cultures (Foster, 1962),
while the range of hydrocarbon utilization for growth
by individual organisms is usually limited (Britton,
1984). This calls for caution in interpreting substrate
specificity studies based on growth or absence of
growth, because several criteria must be fulfilled for
growth of microorganisms which could show
colonial appearance on mineral salt agar (MSA} and
growth turbidity in Mineral salt medium {(MSM) since
some could not readily utilize QIL crude oil as source
of carbon and energy. On the other hand, a few
others coutd grow both on MSA and MSM with
growth turbidity because they could utilize the crude,
oil as source of carbon and energy.

Most organisms which showed ability to utifiz the
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QiL crude oil were obligate aerobes (Table 3). An
example is Bacillus species which occurred most
frequently (22.3% in water, and 20.15 in sediment).
A good proportion of other bacterial genera, molds
and yeasts are obligate aerobes. This points to the
fact that hydrocarbons can be oxidized by many
microbes, including bacteria, yeasts and molds.

Since the initial reaction step requires the
participation of oxygen (Britton, 1984) hydrocarbon
degradation is only possible under aerobuc
conditions.

In this study, a few anaerobes, e.g. Clostridium
were also encountered {Table 3). Involvement of
anaerobes in petroleum degradation of aromatic
compounds is fairly well established, and can occur
by photometabolism involving Athiorhodaceae, by
nitrate respiration as in Pseudomonas and Moraxella
species, and by methanogenetic fermentation (Van
der Linden and Thijssee, 1965). Also, Desulfovibrio
species, sulphate - reducing obligate anaerobes have
been implicated in the anaerobic degradation of
aliphatic petroleum products. For instance, mud
samples from a marine bay have shown sulphate
reduction whenincubated anaerobically with paraffin
oil (Zobell and Prokop, 1966). It was concluded that
the decompositioh of mineral oils under anaerobic
conditions was accompanied by the growth of
sulphate reducers. Therefore the isolation of
Desulfovibrio and other anaerobes in this study was
in agreement, and confirms oil poliutionfas well.
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