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Abstract
Hydrocarbon-contaminated drill mud waste associated with oil and gas activities constitutes a major risk
to the environment, but current conventional treatment methods have not been effective in removing Total
Petroleum Hydrocarbon (TPH). In this study, the remedial potential of nutrients addition to stimulate the
growth of indigenous microbes was harnessed to treat drill mud contaminated with hydrocarbons as an
alternative to the conventional treatment methods.
Baseline study of the hydrocarbon contaminated drill mud was carried out to establish the inherent
physicochemical and biological characteristics. Homogenized sample of the hydrocarbon contaminated drill
mud was inoculated with adequate amount of nutrient and bulking agent into various ratios of contaminated
drill mud/nutrients/bulking agent. The specification for each microcosm experiment was 0.2 m × 0.5 m ×
1.5 m for depth, breadth and length respectively.
The experimental results showed a high TPH level of 8.88 × 105 mg/kg, low nitrogen content of 0.4% and
low microbial load of 1.34 × 103 CFU/100ml for the drill mud. TPH degraded sharply, averaging 98% after
three weeks and 99.5% after seven weeks augmentation with nutrients. The trends of the other measured
parameters supported that the degradation was due to the enhanced microbial activities.
The high rate of degradation achieved in this study supports the proposition that bioremediation of drill
mud is a feasible approach to effectively remove TPH components from the hydrocarbon contaminated drill
mud. This study therefore paves way for scalable studies to be pursued in similar and/or different industrial
situations.

Introduction
The Ghanaian economy undeniably has received a major boost from Oil and Gas (O&G) operations since
oil was found in commercial quantities. This is further corroborated in the Finance Ministry's 2015 report
on oil revenue, that disclosed that an estimated US$341.50 million Petroleum (Terkper, 2015).
Notwithstanding the huge economic gains, several concerns have been raised on the potential
environmental pollution from the activities of some oil producing companies that result in the release of
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various hydrocarbon contaminants into the environment Leaks and accidental spills also occur regularly
during the exploration, production, refining, transport, and storage of petroleum and petroleum products
(Kvenvolden and Cooper, 2003; Nilanjana and Preethy, 2010). Pollution by hydrocarbons form part of
the most reported pollution forms globally, reaching as far as the Polar Regions (Ruberto et al., 2005).
Their negative impacts on various organisms (Ghosh et al., 2006; Sharma and Cyril, 2007; Cheevaporn
and Beamish, 2007) have been documented and has prompted many researchers to obtain solutions to
remove these pollutants from the environment. Hydrocarbon pollution have been recorded in oil spills due
to accidents in transportation and drilling as well as locally in mechanical workshops, agricultural farms
from petrol, diesel, engine oil and others. The production, transportation, refining, and ultimate disposal of
petroleum are introducing by conservative estimate, 3.2 million metric tons of petroleum annually into the
oceans alone (National Research Council, 1985; Balba et al., 1998).
Lately, the reported cases of extensive deterioration of essential natural resources as a consequence of
poor waste management programs has heightened the call for sustainable approach to the management
of hydrocarbon waste generated from oil and gas production (Smith, 2010). In line with this, waste
management companies in Ghana have responded favourably with an attempt to utilize conventional
methods which include precipitation, thermal treatment, solidification and chemical stabilization to manage
waste streams generated from the O&G operations (Drilling Waste Management Information System, 2016,
and Reddy et al, 2003). However, the current global shift for green technology presents an opportune time
for the use of biological treatment methods to remediate these waste streams.
To harness this opportunity, a joint study was undertaken between academia and industrial players in
Ghana with the following objectives of using a preliminary study to determine the physicochemical and
biological properties of the hydrocarbon contaminated drill mud waste, establish the conditions necessary
for the biodegradation of the hydrocarbons using indigenous microorganisms; develop formulation for
bioremediation of hydrocarbon contaminated drill mud and assess the efficiency of adopting the formulation
for large scale treatment through a piloted programme.

Methodology
A four (4) week preliminary study was undertaken through the use of manipulative experiments in a field
trial at the laboratory level to establish the optimum carbon-nitrogen ratio and microbial population required
for effective degradation of hydrocarbons. The design of windrow (or pile) size to establish the volume of
material per windrow for effective degradation and, the monitoring regimes were also established as part
of the preliminary assessment.
The contaminated drill mud used for the study was characterised "as-received" and an assessment of the
additive effect of enhanced soil nitrogen levels on the degradation of the hydrocarbon contaminant was then
carried out. Consequently, the best formulation option was selected and used for the pilot programme.
The field survey for the selection of the most suitable location that allows for optimum environmental
conditions such as free air movement and wind direction without impacting on the environment of was
found at Nyankrom, near Takoradi. As a protective measure and also to minimise interference, access to the
site was restricted to authorised persons only, and a shed was raised over the selected area against unwanted
water from rainfalls, before commencement of piloting. The specification for each allotment experiment
was 0.2 m × 0.5 m × 1.5 m for depth, breadth and length respectively. Beams higher that 0.5 m were used
to separated each allotment for complete segregation. The shed had a base perimeter of blocks not less than
0.2 m high to divert any potential runoff water from the allotment.
The pilot study was conducted on a one tonne (1 tonne) hydrocarbon contaminated drill mud with an
initial TPH level of 888,000 ppm and having a moisture content of 80%. The choice of the aforementioned
sample was intended to test the resilience of the treatment technology against severely contaminated drill
mud in readiness for worst case scenarios.
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A homogenised representative sample of the different drill muds received was prepared as the base sample
for the experiment. The amended samples were then set out in ten (10) replicates and churned once a day
to regulate the aeration and moisture levels in the piles.
Sample Characterisation
The fresh slurry sample was thoroughly homogenised and representative sample taken for baseline
characterisation. The baseline characterisation parameters covered physical, chemical and biological
properties. The samples analyses were undertaken by SGS-Laboratory at Tema in Ghana and Soil Research
Institute of Ghana, Kumasi, in accordance with standard protocols provided by Kabata-Pendias (2001) and
Eaton et al. (2005). Table 1.0 below shows the analytical methods used in the study.
Table 1.0—Analytical methods employed in the study
Parameter

Analytical Methods

TPH

Gravimetric Method

Total Plate Count

MPN Method

Total Nitrogen

Kjeldahl Method

Moisture Content

Gravimetric Method

pH

Meter Reading

Heavy Metals

Atomic Absorption Spectroscopy (AAS)

Sample Amendment and Monitoring
The amended samples were then set out and aerated once a day to regulate the oxygen content and moisture
level. Where necessary, bulking agents were added to the sample to augment the moisture content. The one
tonne of sample was sub-divided into ten (10) replicate units as per the field design and numbered Pile 1 to
Pile 10 (Figure 1). This also allowed for effective manual stirring with a shovel to aerate the sample. The
stirring was conducted once a day, during which the moisture content was adjusted if, found to be on the
low side. pH and moisture content values were monitored on daily basis, including daily documentation
of visual field observations.

Figure 1—Experimental Setup
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Heterotrophic plate count was also conducted on weekly basis. This was followed with a bi-weekly
collection and submission of test samples to external laboratory (SGS) for TPH analysis.

Results and Discussions
The baseline condition of the drill mud was compared with the screening criteria of Kabata-Pendias (2001)
which has been adopted by the Soil Research Institute (CSIR) in Ghana as a guideline.
Baseline Characterisation of the Drill Mud Sample
Physical Parameters.
Table 2.0 below shows results for physical parameters from the baseline
characterization of the drill mud which included pH, conductivity, and moisture content values.
Table 2.0—Baseline Drill Mud Sample Analytical Results
Index

Parameters

Analytical Results

CSIR-Soil Research Institute Guideline
(Courtesy: Kabata-Pendias, 2001)

Physical Parameters
1

pH (units)

9.68

2

Moisture (%)

74.0

3

Electrical conductivity (µS/
cm)

250.34

4

Sand

1

5

Silt

9.6

6

Clay

89.4

8

% Base saturation

92

0.75–1.5 dS/m

Micro & Macro Nutrients
9

Nitrogen (%)

0.04

>0.2

10

K (cmol(+) / kg soil)

476.32

≥ 0.25

11

Total Phosphorus (mg/kg)

4.47

12

Ca(cmol(+) / kg soil)

2.99

>5

13

Mg (cmol(+) / kg soil)

354.61

> 1.0

14

Na (cmol(+) / kg soil)

280.01
Heavy Metals (ppm)

15

Hg (ppm)

6.29

0.01–5

16

Ni (ppm)

10.55

15–30

17

Ba (ppm)

<1

100–500

18

Co (ppm)

0.055

10–15

19

Cu (ppm)

26.67

15–40

20

Pb (ppm)

22.15

15–30

21

Cd (ppm)

4.05

0.0–2
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The recorded pH value 9.68 exceeded the adopted soil quality criteria of CSIR-Soil Research and
demonstrated a strongly alkaline condition which can be attributed to the high level of salt associated with
the drill mud generation. The sample recorded an extremely high moisture content of 94.6%. The high
moisture content may lead to the problem of wettability and soil aeration, which may affect the nutrient
status of the sample if it is considered to be used as a plant growth media (Ekweozor, 1998).
The soil bulk density recorded was 2.04 g/cm3 and this can be classified as a very compact sample
with poor porosity level (Karlen et al., 2006). Soil bulk density is influenced by the amount of organic
matter in soils, their texture, constituent minerals and porosity. The soil textual classification confirmed clay
composition as highest in the drill mud sample. The total organic matter content recorded was 0.09 % and
can be classified as soil with low organic content (Kabata-Pendias, 2001).
Micro-nutrients and Microbial Load. The percent total nitrogen level of 0.04% recorded fell below the
optimum nitrogen level required for plant growth (FAO, 2008). Low nitrogen levels have been reported in
several findings on hydrocarbon contaminated sites (Semple et al., 2001).
The total phosphorus level of 4.47 ppm followed a similar trend as the nitrogen content. The low level
of phosphorus in crude oil contaminated areas are probably due to high C/P ratio resulting from the crude
oil addition and reduction of inorganic phosphorus by the microorganisms which attack the hydrocarbons
(Saki et al., 2011). The effect of the toxic components of the hydrocarbon contaminant was corroborated
by the low population count of 4.2 ×10−3 recorded.
Figure 2 depicts the influence of the addition of the nutrients on the increase in the indigenous
heterotrophs growth from an average population of 1.34×103 CFU/100 ml and peaked in Week 5 with an
average population of 3.94×106 CFU/100 ml. Fungal population monitoring showed reduction from an
average initial 2×103 CFU/100 ml by between ten and a thousand fold.

Figure 2—Heterotrophic Population Dynamics during the bioremediation period

TPH and Heavy Metals Concentrations. The measured concentration of TPH for the supplied drill mud
was 880,000 ppm (Table 3.0). The presence of large amount of hydrocarbon fraction in the drill mud matrix
affects aeration, nutrients levels and soil microbial diversity and has the potential to enter the food chain
(Okparanma and Ayotamuno, 2008). The Ghanaian EPA Environmental Assessment Regulations, 1999 (L.I.
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1652) and Sector Specific discharge standard requires such material to be remediated to desired quality
before disposal into the environment or reuse.
Table 3.0—TPH Levels (mg/kg) in Treatment Units
TPH Levels (mg/kg)
Time

Pile 1

Pile 2

Pile 3

Pile 4

Pile 5

Pile 6

Pile 7

Pile 8

Pile 9

Pile 10

Week 0

8.88E+05

8.88E+05

8.88E+05

8.88E+05

8.88E+05

8.88E+05

8.88E+05

8.88E+05

8.88E+05

8.88E+05

Week 3

4.50E+03

1.34E+04

1.34E+04

1.76E+04

6.30E+03

1.27E+04

5.70E+03

4.30E+03

4.80E+02

4.50E+03

Week 5

4.40E+03

7.35E+03

8.80E+03

6.80E+03

5.30E+03

7.80E+03

5.70E+03

7.80E+03

7.80E+03

7.80E+03

Week 7

4.20E+03

5.50E+03

4.40E+03

5.50E+03

4.40E+03

5.50E+03

4.60E+03

4.20E+03

4.10E+03

4.00E+03

99.53

99.38

99.50

99.38

99.50

99.38

99.48

99.53

99.54

99.55

Overall Degradation

Residual Total Petroleum Hydrocarbon Levels. Table 3.0 shows the results of degradation of the
hydrocarbon contaminated drill mud for the seven weeks monitoring period. The residual TPH level
recorded for the ten windrows complied with Australian guideline for TPH (C6-C9 and C10-C36). The
highest and lowest percent degradation were recorded in Week 1 and Week 8 period. The results revealed
a sharp decrease in TPH concentration after three weeks and progressively decreased further over the
subsequent monitoring periods during the incubation.
The results show a mean 99.5% degradation after Week 7 for all the Piles (Table 3.0 refers). The
degradation of the hydrocarbon after Week 7 confirms the assertion by several reported findings that
reducing the limiting factors to bioremediation of hydrocarbon contaminated soil or drill mud would
significantly accelerate the degradation rate (Hutchinson et al., 1994 and Master and Mohn, 1998).
Degradation Process. The mean pH level decreased sharply from pH value 9.68 to pH value 7.48 after
twenty four (24) hours and this provided evidence of commencement of microbial degradation. The drop in
pH values can be attributed to the initial microbial degradation of hydrocarbon components which resulted
in formation of intermediate organic acids and biosurfactant production by gram negative bacterial species
like Pseudomonas which may be present in the sample (Eklind and Kirchmann, 2000).
The mean pH conditions during the remediation, ranged from pH value 7.32 to pH value 9.68 and
remained largely neutral. Due to the extremely moist condition of the sample, there was no need to adjust
the moisture content within the first ten (10) days. Moisture content was however enhanced every other day
after day ten, through the addition of 10 L of water to a windrow.
The mean TPH level decreased sharply from 8.88 × 105 to 8.3 × 103 by Week 3 indicating a period of
active degradation by the consortium of indigenous microorganisms (Table 3.0 and Figure 2 refers). In Week
5 and Week 7, relatively low percent degradation levels were recorded. This may be due to the transition into
stationary phase by the microorganisms after significant degradation had occurred between Weeks 3 and 5.
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Figure 3—Samples status during bioremediation period

Conclusion
In this study, microcosm experiments were conducted to investigate the extent of degradation of
hydrocarbon contaminants using biological agents. The level of mean residual TPH of the ten (10)
treatment units recorded complied with Ghana EPA adopted threshold level of 5,000 ppm. Generally all
the replicates amendment achieved more than 95% degradation after Week 7. The extensive degradation
of hydrocarbon contaminated drill mud following the amendment with nitrogen and bulking agent affirms
that bioremediation of hydrocarbon contaminated soil is a plausible approach to cleaning up drill mud
contaminated with hydrocarbons. The latter is currently on trial for a comprehensive study including
feasibility studies at a larger volume of drill mud.
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