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ABSTRACT

An investigation of bacterial population of an oilfield wastewater was done for b months and
2 seasons (dry and wet) in 2009, Freshly-produced cilfield wastewater samples were analyzed for
Aerobie Heterotrophic Bacteria (AHB) and Hydrocarbon-utilizing Bacteria (HUB) using standard
procedures. Mean monthly counts of aerobic heterotrophic bacteria (x10* efu mL™) and
hydrocarbon-utilizing bacteria (x10° efu mL™") were: Dec. 13.249 and 0.6620; Jan. 15.2413 and
13.4+12; Mar. 8446 and 0.1820; Jul. 14.5+9 and 0.11+0; Aug. 9.944 and 0.17+0, respectively. Dry
season recorded mean counts (x10* cfu mL ™) of 14.348 (AHB) and 7.029 (HUB) while wet seascn
had mean counts (x10° efu mL™") of 12.345 and 0.14+0 aerobic heterotrophic bacteria and
hydrocarbon-utilizing bacteria, respectively. Fourteen species of heterotrophic bacteria isclated
included Pseudomonas (16%), Klebsiella and Staphylococcus (13%), Corvnebacterium, Enterobacter
and Proteus (9%), Acinetobacter and Micrococcus (6%); Alcaligenes, Bacillus, Chromobacterium,
Citrobacter, Clostridium and Flavobacterium (3%). Eleven species of hydrocarbon-utilizing bacteria
isolated included Acinetobacter and Bacillus (15%), Klebsiella, Micrococcus, Proteus, Pseudomonas
and Staphylococeus (10%), Alcaligenes, Corynebacterium, Flavobacterium and Serratia (5%).
Monthly fluctuations of bacterial population occurred in the wastwater and number of bacteria
were higher in dry season than wet season. Bacteria survive in wastewater and
hydrocarbon-utilizing bacteria can be isolated from the wastewater and used for clean up of
petroleum contaminated soil.
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INTRODUCTION

Oilfield wastewater is effluent co-produced with o1l and gas during drilling. At the surface,
cilfield wastewater is separated from the hydrocarbons, treated to remove as much oil as possible
and then either discharged into the environment or injected back into the wells (Odeigah et al.,
1997, Wills, 2000), Oilfield wastewater is composed of formation water and injected water.
Formation water is the natural water that cccurs in association with il and gas deposits in
reservoirs and being denser, lies under the hydrocarbons (Wills, 2000). Injected water is additional
water usually pumped into the reservaoirs, during the secondary stage of o1l recovery, to maintain
reservoir pressure and to help force the oil to the surface, in order to achieve maximum oil recovery
{(Somerville ef al., 1987; Wills, 2000). Offshore o1l production platforms as well as onshore oil fields
discharge the ocily water or cilfield wastewater into the environments as part of their normal
operations (Somerville ef al., 1987, Wills, 2000).
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Offshore drilling for oil and gas produces large amounts of the wastewater which 1s usually
discharged into the aquatic environment. Oilfield wastewater contains inorganic and organic
constituents (Wardley-Smith, 1979) as well as hydrocarbon components (Koons et al., 1977).
Components of the wastewater are broadly classified into three categories: dissolved mineral salts,
dissolved gas and microorganisms (Mony, 1975). The most important microorganisms to biclogical
waste management are bacteria, fungi, algae, protozoa, rotifers and crustaceans (Raras, 1995).
Microbes seem to accelerate the corrosion process by locating susceptible areas and producing or
accumulating chemicals that promote corrosion (Walsh et al., 1993). This is because of the
microscopic heterogeneity of many materials, The rock, a porous medium, is a natural habitat for
microbes to cling and to colonise (Microbes, 1977). Even during treatment, chemicals such as water
clarifier and biocides are added to reduce microbial populations (Obire and Wemedo, 2002).

In Nigeria, information on the bacterial populations of the oilfield wastewater has been scare.
However, Wemedo ef al. (2009) reported the presence of wiable fungi in oilfield wastewater
although in low numbers. The cbjective of this study therefore, was to enumerate and isolate total
heterotrophic bacteria associated with ocilfield wastewater, determine the level of occurrence of
bacteria in the wastewater and highlight the envirenmental significance of bacteria in the
wastewater.

MATERIALS AND METHODS

Sampling: Sampling was done at monthly intervals for a pericd of five months (December,
January, March, July and August, 2009). Samples were collected from Total Fina-EIf Nig. Ple,
oilfield flow station located at Obagi in Ogba/Egbema/lNdeni Local Government Area of Rivers
State, Southern Nigeria. The ailfield situates in a freshwater swamp forest vegetation of the Niger
Delta and the choice of the field was because o1l operations have lasted for over 60 years in the
area.

Freshly-produced cilfield wastewater samples were collected at the ocilfield flow station effluent.
discharge point before it made contact with the environment. Samples were collected in 250 mlL
sterilized sample bottles according to the method described in standard methods for water and
wastewater analysis (APHA, 1995). Prior to collection of the wastewater, the interior of the nozzle
of the outlet valve was flushed by allowing the water to flow to waste for 2 to 3 min, in order to
avold contarmmnation from external sources. After which the sample bottles were filled from a gentle
stream of the wastewater. Five replicate samples were collected at each sampling period. During
the sampling period, seasonal variation, based on wet and dry months, was considered which also
influenced the choice of the sampling months.

Microbiology of oilfield wastewater samples: Microbiology of the wastewater samples involved
enumeration and isolation of bacteria from oilfield wastewater samples. Enumeration of bacteria
from the wastewater samples was performed using the ten-fold serial dilution method of
Harrigan and McCance (1990) and Ofunne (1999). In this method, decimal dilutions of the samples
were made by adding 1.0 mL wastewater samples to 9.0 mL of sterile normal saline {diluent) to give
an initial dilution of 1:10 (107Y). Subsequent serial ten-fold diluticns were made by transferring
1.0 mL of the last diluticn to 9.0 mL of fresh diluent up to 1:1000 (107%). Finally, 0.1 mL (aliquots)
of the appropriate dilutions were plated out in duplicate onto suitable fresh dry sterile agar medium
in petri dishes nutrient agar for heterotrophic bacteria and cil agar for hydrocarbon utilizing
bacteria. The inoculum was evenly spread out on the surface of the agar with a sterile bent glass
rod. Inoculated plates were incubated for 24-48 h (heterotrophic bacteria) and 7-14 days
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{for hydrocarbon-utilizing bacteria) at temperature of 30£2°C; after which, plates that grew
between 30 and 300 colonies (Anonymous, 1995) were counted and recorded. Discrete colonies that
developed were randomly picked and purified by sub-culturing onto nutrient agar and incubated
at 30+2°C for 24 h to obtain pure cultures.

Identification of bacterial isolates: Identification of bacterial isclates was based on methods of
Buchanan and Gibbons (1994), Cowan and Steel (1974), Cruickshank et al. (1984) and
Winn et al. (2008). Standard tests (Gram reaction, motility, catalase, oxidation/fermentation,
hydrogen sulphide production, coagulase, oxidase, indole production, Methyl Red-Voges Proskauer
{MR-VP) reactions, starch hydrolysis, nitrate reduction and fermentation of the following sugars:
glucose, lactose, mannitol, arabinose) on the isolates to identify bacteria associated with the
wastewater.

Data analysis: Statistical analysis was carried out on the data obtained during this study.
Analysis of variance and Mann-Whitney U-test were used to compare some of the data for the

different months and seasons. This was done using a Computer-based programme in Excel.

RESULTS

Monthly counts and means of total aercbic heterotrophic bacteria and hydrocarbon-utilizing
bacteria of cilfield wastewater are presented in Table 1 and 2, respectively. Seasonal counts and
means of total heterctrophic aercobic bacteria and hydrocarbon-utilizing bacteria of oilfield
wastewater are presented in Table 3. The monthly counts of aercbic heterotrophic bacteria
(x10* efu mL™) in all the samples analyzed ranged from 0.80-38; mean moenthly counts ranged
between 8.4 and 15.2, being the lowest counts in March and the highest counts recorded in
January, respectively. Dry season recorded mean counts of 14.3 higher than the counts of
123 recorded in wet season. The monthly densities of hydrocarbon-utilizing hacteria

(x10° efu mL™) in all the samples analyzed ranged from 0-43; mean monthly counts ranged

Table 1: Monthly counts and Mean+SD of total aerobic heterotrophic bacteria of oilfield wastewater (5 replicates)

No. of samples Dec. Jan. Mar. Jul. Aug.
1 19.1 109 1.00 19.6 5.3

2 23.3 9.0 102 23.8 14.6

3 8.4 5.0 3.1 131 10.4

4 14.6 38 115 15.2 7.5

5 0.80 13.3 16.0 0.85 119

Mean 13.2+9 15.2+13 8.4+6 14.5+9 9.9+4

Table 2: Monthly counts and Mean+SD of hydrocarbon-utilizing bacteria of cilfield wastewater (5 replicates)

No. of samples Deec. Jan. Mar. Jul. Aug.
1 0.4 0.0 0.2 0.06 0.01
2 05 12 0.1 0.11 0.77
3 1.2 3 0.4 0.13 0.02
4 0.2 43 0.1 0.07 0.02
5 1.0 9 0.1 0.17 0.02
Mean 0.66+£0 13.44£12 0.18+0 0.11+0 0.17+0
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Table 3: Seasonal counts and MeantSD of total aerchic heterotrophic bacteria and hydrocarbon-utilizing bacteria of cilfield wastewater

(5 replicates)
Dry season Wet season
Aerobic heterotrophic Hydrocarbon utilizing Aerobic heterotrophic Hydrocarbon utilizing
Replicate samples bacteria bacteria bacteria bacteria
1 15.0 0.2 125 0.04
2 16.2 6.3 19.2 0.44
3 6.7 21 11.8 0.07
4 26.3 21.6 114 0.04
5 7.1 5.0 6.4 0.09
Mean 14.3+8 7.0+£9 12.3+5 0.14+0

between the lowest of 0.11 and the highest of 13.4 in March and January, respectively. The mean
seasonal counts showed that dry season recorded counts of 7.0 higher than the counts of
0.14 recorded in wet season.

DISCUSSION

Densities of aerobic heterotrophic bacteria obtained in this study were generally high. Mean
counts of aerobic heterotrophic bacteria were lowest in the month of March and highest in January.
Activities of aerobic heterotrophic bacteria contributes to corrosion of pipes (Wemedo, 1995).
Seasonal counts of aerobic heterotrophic bacteria showed that dry season recorded higher counts
than the wet season. This agreed with the findings of Marshall and Devinny (1988} and
Obire and Wemedo (2002), who reported that bacterial populations increased during drier months
than during the cooler, wetter months. However, statistical analysis showed that there is no
significant difference (p<0.05) between the monthly counts of aercbic heterotrophic bacteria and
between dry season and wet season counts. Counts of hydrocarbon-utilizing bacteria were high in
some samples and low or even zero in other samples, showing a wide range between the lowest
value and the highest value. Month of January recorded hoth the lowest and highest counts
observed among the samples and also recorded the highest mean monthly counts whereas, the
lowest mean monthly counts were recorded in July. Statistical analysis showed that there is no
significant difference between the monthly counts of hydrocarbon-utilizing bacteria. This suggested
that the variations observed between the monthly counts were insignificant. Counts of
hydrocarbon-utilizing bacteria varied between the two seasons with the dry season having higher
counts than the wet season. This showed that the drier months supported the growth of
hydrocarben-utilizing bacteria than the cooler, wetter months (Marshall and Devinny, 1988,
Obire and Wemedo, 2002). Statistical analysis revealed that there 1s significant difference (p<0.05)
between the dry season and wet season counts for hydrocarbon-utilizing bacteria. A strong seasonal
influence was observed in this study on the number of hydrocarbon-utilizing bacteria. Oilfield
wastewater is composed of hydrecarbon and non-hydrocarbon residues (Somerville ef al., 1987),
It may be explained that the hydrocarbon components could have supported the proliferation of
hydrocarbon-utilizing bacteria in the wastewater. The presence of bacterial hydrocarbon-utilizers
may be a useful tool for the removal of oil in the wastewater.

Densities of bacteria observed in this study revealed that bacteria can survive in the oilfield
wastewater; their survival may be related to the concentrations of the inorganic constituents which
may have served as nutrients for the growth of the bacteria. Also, the various levels of
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concentrations of the inorganic constituents and other parameters may not have been high enough
as to inhibit the growth and survival of the microorganisms. Furthermore, the biocide batch
treatment (Wemedo, 1995; Wills, 2000), applied to the ailfield wastewater before discharge 1s aimed
at only reducing to safe numbers the populations of the bacteria and not for total elimination. The
results of bacterial densities observed during this study showed fluctuations on monthly and hourly
basis. Generally speaking, the densities of bacteria in the wastewater were highly unstable.
Seasonal variations were also cbserved for the bacterial population of the wastewater.

The occurrence of bacterial species in the oilfield wastewater was studied by characterization
and identification of the 1solates obtained during the study period. The results showed that various
bacterial species occurred in the wastewater. A total of fourteen (14) heterotrophic bacteria and
eleven (11) hydrocarbon-utilizing bacteria were 1solated and with varying frequencies. Of the
14 heterotrophic bacterial species observed, Fseudomonas species had the highest frequency of
15.6%, followed by Klebsiella and Staphylococcus species with 12.5% occurrence. Corynebacterium,
Enterobacter and Proteus species had 9.4% occurrence each; Acinetobacter and Micrococcus species
recorded 6.3% frequency each. While Alealigenes, Bacillus, Chromobacterium, Citrobacter,
Clostridium and Flavobacterium species had the lowest occurrence of 3.1% each. Of the
11 hydrocarbon-utilizing bacterial species 1solated, Acinetobacter and Bacillus species had the
highest occurrence of 15%, followed by Klebstella, Micrococcus, Froteus, Fseudomonas and
Staphylococcus species with occurrence of 10% each while Alecaligenes, Corynebacterium,
Flavobacterium and Serratia species had the least cccurrence of 5% each. The water and sewage
bacteria that occurred in the ailfield wastewater include, amongst others, Chromobacterium,
Citrobacter, Klebsiella, Proteus, Pseudomonas and Staphvlococcus species (Buchanan and Gibbons,
1994; Alexander, 1977). The occcurrence of bacteria in the wastewater may be that the constant
exposure of these bacteria to hydrocarbon (oily) component of the wastewater could have conferred
on the organisms the ability to utilize and grow in the presence of hydrocarbon. In this case, the
bacteria could be isolated and introduced into a petroleum-contaminated socil as bioremediation
agents.

It has been noted that the oilfield wastewater is subjected to a form of treatment called Biocide
Batch Treatment (BBT) during which bactericidal chemicals are injected into the wastewater
flowline (Wemedo, 1995). This treatment is aimed at reducing, if not elirmnating, certain bacteria
such as aerchic heterotrophic bacteria present in the cilfield wastewater, that could cause corrosion,
to a safe minimum. The occurrence of bacteria, both in numbers and types, highlighted the fact
that bacteria can survive in the wastewater; their survival may be related to the concentrations of
the organic and inorganic constituents which may have served as nutrients for bacterial growth.
Also, the coneentrations of the physicochemical parameters and the hydrocarbon components could
not. exert inhibitory effects on the bacterial growth. Furthermore, the biocide batch treatment
applied to the wastewater only reduced bacterial populations but not complete elimination.

REFERENCES

APHA., 1995, Standard Methods for the Examination of Water and Wastewater. 19th Edn.,
American Public Health Association, Washington DC.

Alexander, M., 1977, Introduction to Scil Microbiology. 2nd Edn., John Wiley and Sons, New York.

Anonymous, 1995, Africa: A framework for integrated coastal zone management. Environment

Department, World Bank, Washington, DC., pp: 38-47,

50



Asian J. Biol. Set., 5 (1): 46-51, 2012

Buchanan, R.E. and N.E. Gibbons, 1994. Bergey's Manual of Determinative Bacteriology.
9th Edn., The Williams and Wilkins Company, Baltimore, pp: 539-596.

Cowan, 8.T. and K.J. Steel, 1974. Manual for Identification of Medical Bacteria. Cambridge
University Press, London.

Cruickshank, R., J.P. Duguid, B.P. Marmion and R.H.A. Swain, 1984. Medical Microbiology.
13th Edn., Churchill Living Stone, New York, pp: 170-18%,

Harrigan, W.F. and M.E. McCance, 1990. Laboratory Methods in Food and Dairy Microbiology.
Academic Press, Londen, pp: 210.

Koons, C.B., C.D. Mcauliffe and F.T. Weiss, 1977. Environmental aspects of produced waters
from oil and gas extraction operations in offshore and coastal waters. J. Petroleum
Technol., 29: 723-729,

Marshall, T.R. and J.S. Devinny, 1988, The microbial ecosystem in petroleum waste land
treatment. Water Sci. Technol., 20: 285-291.

Microbes, 1977, Water treatment and SEB control. Microbes, Inc’'s Technology Publication. Texas,
pp: 20-25.

Mony, C.S., 1975, Environmental pollution due to petroleum industry. J. Institute Eng., 56: 26-29,

Obire, O. and 5.A. Wemedo, 2002. Seasonal effect on the bacterial and fungal population of an
ocilfield wastewater-polluted soil in Nigeria. J. Applied Sci. Environ. Manage., &: 17-21,

Odeigah, P.G.C., O. Nuradeen and O.0. Amund, 1997. Genotoxicity of cilfield wastewater in
Nigeria. Hereditas, 126: 161-167.

Ofunne, J.L., 1999, Bactericlogical Examination of Clinical Specimens. 1st KEdn., Achugo
Publications, Owerri, Nigeria, ISBN: 978-346885-4-5, pp: 24-35,

Raras, A.GG., 1995, Biclogical and biotechnological waste management in material processing.
J. Mineral Met. Mater. Soc., 47: 56-63.

Somerwville, H.J., D. Benneth, J.N. Davenport, M.5. Holt and A. Lynes et af., 1987. Environmental
effect of produced water from North Sea cil operations. Mar. Pollut. Bull,, 18: 549-558,

Walsh, D., D. Pope, M. Danford and T. Huff, 1993. The effect of micrestructure on microbiclogically
influenced corrosion. J. Minerals Metals Mater. Soe., 45: 22-30,

Wardley-Smith, J., 1979. The Prevention of Oil Pollution. Graham and Trotman Ltd., Londen,
pp: 69-75.

Wemedo, 5.A., 1995. The effect of oilfield wastewater on the Micreobial population of a soil of an
oil-producing area in Nigeria. M. Phil. Thesis, Department of Biological Sciences, Rivers State
University of Science and Technology, Nkpolu-Oroworukwo, Fort Harcourt, Nigeria.

Wemedo, 5.A., N.P. Akani and C.E. Eke, 2009, Fungi in an cilfield wastewater in Nigeria. Asian
J. Biol. Sei., 2: 54-57.

Wills, J., 2000. A survey of offshore cilfield drilling wastes and disposal techniques to reduce the
ecological impact of Sea dumping: The effects of discharges of produced waters. Kkologicheaya
Vahktaa Sakhalina (Sakhalina Environment Watch) 25th May, Sakhalina, London, pp: 1-5.

Winn, W.C., S.D. Allen, W.M. Janda, E.W. Koneman, G.W. Procop, P.C. Schreckenberger and
G.L. Woods, 2006, Koneman's Color Atlas and Textbook of Diagnostic Microbiolegy. 6th Edn.,
Lippincott Williams and Wilkins, Philadelphia.

51



	Asian Journal of Biological Sciences.pdf
	Page 1


