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ABSTRACT

The worldwide oil and natural gas extraction sector has a significant and dynamic role to play in the world's energy system.
The phases of petroleum operations where waste is produced the most are drilling and production. Drilling mud is a
condensed liquid that is cycled through the drilling pipe to carry out a range of tasks. Water-based muds (WBMs) are
complex mixtures of bentonite and water, while mineral oils, barite, and chemical additives make up oil-based muds
(OBMs). How to reduce petroleum wastes and their long-term effects is the current petroleum operating problem. The
current management techniques are not integrated with other activities around the development site and are primarily
directed at achieving sectoral success. The review article aims to focus on the use of water based mud for petroleum drilling
as well as remediation methods for waste drilling muds. If improperly disposed of, waste drilling mud can pose threats to
terrestrial, aquatic, and aerial habitats, including decreasing solil fertility, negatively altering flora and fauna, and causing
health issues owing to the volatilization of hazardous oil components into the atmosphere. As a result, this review article
recommends bioremediation as the best method for degrading hydrocarbons from waste contaminated drilling mud and
recovering residual crude oil from waste drilling mud at greater depths. Following treatment, solid waste can be used as
an alternative aggregate, building material, or cement production, promoting a valuable and sustainable solution based
on the circular economy concept.
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INTRODUCTION

Petroleum drilling is the process of drilling a wellbore to extract oil or gas from underground reservoirs. It
is a complex and costly operation that involves several stages, including drilling, completion, and
production. One critical aspect of petroleum drilling is the use of drilling fluids, or muds, which are essential
for successful drilling operations. However, drilling fluids can also generate waste materials that pose
significant environmental challenges. In this overview, we will discuss petroleum drilling, drilling fluids,
and drilling waste generation, including their impact on the environment and potential solutions.
Petroleum drilling involves the use of drilling rigs, which are machines designed to bore into the earth's
surface and reach reservoirs containing oil or gas. Drilling rigs come in different sizes and configurations,
depending on the depth and location of the reservoir. Once the rig is in place, the drilling process begins,
and the drill bit is rotated to create a borehole. The drilling process generates rock cuttings, which are
transported to the surface using drilling fluids. Drilling fluids, or muds, are essential components of the
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drilling process, as they help to maintain wellbore stability, control pressure, and lubricate the drill bit.
They also aid in transporting rock cuttings to the surface, where they can be analysed to determine the
quality of the reservoir. Drilling fluids are typically composed of a mixture of water, clay, and various
chemicals, such as biocides, lubricants, and weighting agents. However, drilling fluids can also generate
waste materials that can be harmful to the environment. Drilling waste includes drill cuttings, spent drilling
fluids, and other materials generated during the drilling process. The waste materials can contain toxic
substances, such as heavy metals, hydrocarbons, and chemicals used in the drilling process. These materials
can contaminate soil, water, and air if not handled and disposed of correctly. To address the environmental
impact of drilling waste, regulatory agencies have implemented strict regulations for waste management
and disposal. The most common methods of drilling for waste disposal include landfills, injection wells, and
thermal treatment. Several remediation methods are available for the treatment of petroleum
hydrocarbon-contaminated waste drilling fluid, including physical, chemical, and biological methods.
Physical methods include excavation, soil washing, and air sparging. Chemical methods include oxidation,
reduction, and solvent extraction. Biological methods include bioremediation, phytoremediation, and
microbial-enhanced oil recovery. Each remediation method has advantages and disadvantages, and the
selection of a remediation method depends on the specific characteristics of the contaminated waste
drilling fluid. However, each method has its own advantages and disadvantages, and some methods may
not be suitable for certain types of waste. In recent years, there has been an increasing interest in
developing new technologies and methods for drilling waste management. For example, some companies
are exploring the use of bioremediation, which involves using microorganisms to break down and degrade
drilling waste. Other approaches include the use of nanotechnology and electrochemical processes to treat
drilling waste more efficiently and effectively. Petroleum hydrocarbon-contaminated waste drilling fluid is
a significant environmental problem that has serious effects on soil and groundwater. The discharge of
contaminated waste drilling fluid into the environment may cause soil contamination, damage ecosystems,
and harm human health. The waste drilling fluid contains a range of hydrocarbons, including aliphatic and
aromatic hydrocarbons, which are persistent in the environment and can cause significant environmental
damage. The management of drilling waste is a crucial aspect of the oil and gas industry, and the disposal
of contaminated drilling waste is a challenging task. The composition of petroleum hydrocarbon-
contaminated waste drilling fluid, its effect on the environment, and the remediation methods for
contaminated waste drilling fluid have been extensively studied in recent years. Petroleum hydrocarbon-
contaminated waste drilling fluid is a significant environmental problem that requires effective
management and remediation. This systematic review provides a comprehensive understanding of the
composition, impact, and remediation methods available for petroleum hydrocarbon-contaminated waste
drilling fluid. The findings of this review can assist in the selection of appropriate remediation methods for
specific types of contaminated waste drilling fluid and can contribute to the development of sustainable
waste management practises for the oil and gas industry. Future research should focus on the long-term
effectiveness of different remediation methods and the potential environmental impacts of these methods.

MATERIAL AND METHODS

Drilling fluid and its composition

Drilling fluid, also known as mud, plays a crucial role in the drilling process. It serves several purposes, such
as cooling and lubricating the drill bit, carrying rock cuttings to the surface, and providing support to the
borehole wall. The composition of drilling fluid can vary depending on the drilling environment and the
specific requirements of the drilling operation. In this review, we will explore the different components of
drilling fluid and their effects on the drilling process.

One of the most important components of drilling fluid is the base fluid. Water-based fluids are commonly
used in drilling operations due to their low cost and availability. However, other base fluids, such as oil-
based fluids and synthetic-based fluids, are also used in certain drilling environments where water-based
fluids are not suitable [1]. To improve the properties of the base fluid, various additives are added to the
drilling fluid. These additives include weighting agents, viscosifiers, fluid loss control agents, and lubricants.
Weighting agents such as barite and hematite are added to increase the density of the drilling fluid, which
helps to control formation pressures [2]. Viscosifiers such as bentonite and polymers are added to increase
the viscosity of the drilling fluid, which helps to suspend and transport the rock cuttings to the surface [3].
Fluid loss control agents such as starches and cellulose derivatives are added to reduce fluid loss into the
formation, which helps to maintain wellbore stability [4]. Lubricants such as fatty acids and esters are
added to reduce friction between the drill string and the borehole wall, which helps to prolong the life of
the drill bit [5]. The percentages of individual chemical constituents are shown in Figure 1. Another
important consideration in the composition of drilling fluid is the pH level. A pH level that is too high or too
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low can lead to problems such as corrosion, emulsion formation, and clay swelling. To maintain the desired
pH level, buffers such as caustic soda and sodium bicarbonate are added to the drilling fluid.

Percentage of chemical composition in OBM Percentage of chemical composition in WBM
discharge discharge
B Weighting agents B Weighting agents
m Alkaline chemicals M Alkaline chemicals

Salinity Salinity

Lignosulfonates Lignosulfonates
Polymers/Viscosifier M Polymers/Viscosifier
m Emulsifiers/detergent ® Emulsifiers/detergent

W Cutting wash M Filtrate reducers

M Base oil

MW Bentonite agents

m Other chemical M Other chemical
components components

Figurel Percentage of individual chemical constituents (Hudgins and Charles, 1994) [6].

In addition to the above components, other additives such as biocides and surfactants may be added to the
drilling fluid to prevent bacterial growth and improve the stability of the fluid, respectively [7]. Overall, the
composition of drilling fluid is a complex mixture of various components that are carefully selected and
blended to meet the specific requirements of each drilling operation. The choice of base fluid, additives, and
their concentrations depends on factors such as the formation being drilled, the drilling environment, and
the drilling objectives.

Petroleum hydrocarbons

Petroleum hydrocarbons are a group of compounds derived from crude oil and natural gas that are widely
used as fuels and raw materials in many industrial processes. These hydrocarbons are composed mainly of
carbon and hydrogen atoms and can be divided into four major groups as per figure 2: alkanes, alkenes,
alkynes, and aromatic compounds. Each group has its own unique physical and chemical properties, which
determine its usefulness and environmental impact.

| Petroleum hydrocarbon |
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l s Asphaltenes and Resins

Straight chain compounds v

v
Branched chain compounds Benzenes Asphaltenes

Cyclic compounds

'
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(Hexadecane) CH3-(CH2)14-CH3

Figure 2 Types of petroleum hydrocarbon

Alkanes, also known as paraffins, are the simplest hydrocarbons and have a straight or branched chain
structure. They are widely used as fuels, solvents, and raw materials in the petrochemical industry. Alkanes
are relatively non-reactive and are considered to be less harmful to the environment than other types of
hydrocarbons. Alkenes, also known as olefins, have one or more double bonds in their carbon chain
structure. They are used as raw materials in the production of plastics, rubber, and other chemicals. Alkenes
are more reactive than alkanes and can easily form reactive intermediates that can be harmful to human
health and the environment. Alkynes, also known as acetylenes, have one or more triple bonds in their
carbon chain structure. They are used in the production of solvents, pharmaceuticals, and other chemicals.
Like alkenes, alkynes can form reactive intermediates that can be harmful to human health and the
environment. Aromatic hydrocarbons, also known as arenes, have a ring structure and are widely used in
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the production of plastics, detergents, and other chemicals. Aromatic compounds are highly reactive and
can easily form reactive intermediates that can be harmful to human health and the environment.

The harmfulness of petroleum hydrocarbons depends on several factors, including their physical and
chemical properties, their concentration in the environment, and the duration of exposure. Some
hydrocarbons, such as benzene and toluene, are known to be toxic and can cause a variety of health
problems, including cancer, reproductive and developmental disorders, and neurological damage [8].
Exposure to petroleum hydrocarbons can occur through inhalation, ingestion, or skin contact. Workers in
the petrochemical industry and people living near oil refineries, pipelines, and other industrial facilities are
at higher risk of exposure to these compounds. However, spills and leaks during the transportation and
storage of petroleum products can also lead to environmental contamination and human exposure [9].
Petroleum hydrocarbons are a diverse group of compounds that are widely used in many industrial
processes. While some hydrocarbons are relatively non-toxic, others can be harmful to human health and
the environment. It is important to monitor and regulate the production, transportation, and use of
petroleum products to minimize the risks associated with these compounds.

Amount of waste generated

The amount of waste drilling fluid generated during drilling operations varies depending on several factors,
including the type of drilling fluid used, the depth of the well, the size of the borehole, and the drilling
technique. A study found that the amount of drilling fluid required to drill a well depends on the borehole
diameter, the depth of the well, and the type of drilling fluid used. They reported that a typical 6-inch
diameter borehole drilled to a depth of 3,000 m using a water-based drilling fluid can generate up to 1,000
m3 of waste drilling fluid. In comparison, an oil-based drilling fluid generates less waste, about 600 m3 for
the same well. The amount of waste drilling fluid generated can also be affected by the drilling technique
used. For example, the amount of waste drilling fluid generated during directional drilling is higher than
that of vertical drilling due to the higher mud requirements and the use of a larger borehole. One study
reported that the amount of waste drilling fluid generated during directional drilling can reach up to 3,000
m3 for a 6-inch diameter borehole drilled to a depth of 3,000 m.

Factors influencing waste generation rates:

1. Drilling depth: The deeper a well is drilled, the more drilling fluids will be required, and the more waste
will be generated. A study by Zhao, et al. (2017), found that drilling depths of over 4,000 m resulted in much
higher rates of waste generation compared to shallower wells [10].

2. Drilling fluid composition: Different types of drilling fluids have varying waste generation rates. For
instance, oil-based drilling fluids are known to generate more waste than water-based drilling fluids. A
study by Grant et al. (2022), found that oil-based drilling fluids produced twice as much waste as water-
based fluids [11].

3. Formation properties: The properties of the formation being drilled can also affect waste generation
rates. Soft formations require less drilling fluid, and thus, generate less waste than hard formations [12].
Additionally, formations with higher permeability may require more drilling fluids and generate more
waste than less permeable formations.

Strategies for minimizing waste generation:

1. Proper drilling fluid management: Proper management of drilling fluids can help minimise waste
generation. This includes proper selection of drilling fluids, proper maintenance of drilling fluids, and
proper handling and disposal of waste drilling fluids.

2. Recycling and reuse of drilling fluids: Recycling and reusing drilling fluids can reduce waste generation
rates. A study found that recycling drilling fluids reduced waste generation rates by up to 70%.

3. Use of non-toxic drilling fluids: Non-toxic drilling fluids, such as biodegradable fluids, can reduce the
environmental impact of drilling operations and minimise waste generation rates. A study by Al-Hameedi
et al. (2020) found that the use of biodegradable drilling fluids reduced waste generation rates by up to
50% [13].

4. Optimisation of drilling parameters: Optimisation of drilling parameters, such as drilling speed and
drilling fluid flow rate, can reduce the amount of drilling fluid required and thus minimise waste generation
rates. A study found that optimising drilling parameters reduced waste generation rates by up to 45%.

5. Implementation of waste management plans: Developing and implementing waste management plans
can help ensure that waste drilling fluids are handled and disposed of properly, minimising their impact on
the environment. This includes proper storage, treatment, and disposal of waste drilling fluids.

Managing waste drilling fluid is critical to protecting the environment and ensuring compliance with
environmental regulations. There are several methods used to manage waste drilling fluid, including
treatment, reuse, and disposal. The choice of the method used depends on the type of drilling fluid used,
the amount of waste generated, and the environmental regulations at the drilling location.
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Effect of Spent drilling fluid

Spent drilling fluids, also known as drilling muds, are mixtures of chemicals, water, and solids used in the
oil and gas industry to facilitate drilling operations. The discharge of spent drilling fluids can have
significant environmental and public health effects. In this review, we will discuss the potential impact of
spent drilling fluids on the environment and human health and explore strategies for reducing these
impacts. One of the primary environmental impacts of spent drilling fluids is the contamination of soil and
water resources. The chemicals and heavy metals present in drilling fluids can leach into soil and
groundwater, leading to long-term environmental degradation. According to a study by Ugochukwu, et al.
(2012), the discharge of spent drilling fluids has been found to cause soil and water pollution in oil and gas-
producing areas in Nigeria [14]. Similarly, a study by Kinigoma, et al. (2001) found that the discharge of
drilling fluids in the Niger Delta region of Nigeria had a significant impact on the quality of the surrounding
water resources [15]. According to Dantas, A. P. T. et al. (2014), drilling fluids contain various chemical
additives, including barite, bentonite, and polymers, which can cause significant environmental damage if
not handled properly [16]. The disposal of these waste fluids can lead to soil and water pollution, which
can harm both plant and animal life. In addition, drilling fluids can also contain heavy metals, such as lead,
cadmium, and mercury, which can be toxic to humans if ingested or inhaled. Exposure to these toxins can
cause long-term health problems, including cancer, liver damage, and neurological disorders.

Similarly, another study by Oghenekohwo, et al. (2010) also highlighted the potential adverse effects of
waste drilling fluids on the environment [17]. The authors noted that the disposal of drilling fluids can lead
to contamination of surface and groundwater sources, which can impact aquatic life and biodiversity. The
accumulation of drilling fluid waste in soil can also lead to soil degradation and loss of fertility, which can
affect agricultural productivity. Furthermore, a study by Njuguna, etal. (2022) suggested that the improper
disposal of drilling fluids can also lead to air pollution [18]. The authors found that the evaporation of
drilling fluids can release volatile organic compounds (VOCs) into the atmosphere, which can contribute to
the formation of ground-level ozone and smog. Exposure to these air pollutants can lead to respiratory
problems and other health issues.

In addition to soil and water contamination, spent drilling fluids can also have negative effects on aquatic
life. The discharge of drilling fluids can lead to the death of fish and other aquatic species, as well as the
destruction of their habitats. A study by Mearns et al. (2017) found that the discharge of drilling fluids in
the Bohai Sea in China had a negative impact on the growth and reproduction of marine organisms [19].
The public health effects of spent drilling fluids are also a major concern. Exposure to the chemicals and
heavy metals present in drilling fluids can have a range of negative health effects, including respiratory and
neurological problems. According to a study by Islam and Mostafa et al. (2021), people living in oil and gas-
producing areas in Bangladesh are at risk of exposure to toxic chemicals from spent drilling fluids [20].
The discharge of spent drilling fluids can have significant environmental and public health impacts. To
mitigate the environmental and public health impacts of spent drilling fluids, various strategies have been
proposed. One approach is to reduce the use of drilling fluids through the development of alternative
drilling technologies. Another approach is to improve the treatment and disposal of spent drilling fluids.
Table 1 provides an overview of some of the potential environmental effects that can result from
hydrocarbon-contaminated waste drilling mud.

Table 1: Environmental effects due to petroleum hydrocarbon contamination
Environmental Description Reference
Effect

Contamination of | Hydrocarbon contaminated spent drilling fluids can seep | (Swigart, etal., 2021)

Soil and into the soil and groundwater, leading to contamination [21]
Groundwater of these resources.
Damage to If the contaminated fluid is not properly contained, it can | (Bashir, etal, 2020)
Aquatic enter nearby bodies of water, such as rivers, lakes, or [22]
Ecosystems streams.
Air Pollution Hydrocarbon emissions from contaminated drilling fluid | (Macey, etal., 2014)
can contribute to air pollution, which can lead to [23]

respiratory problems for humans and animals.
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Contamination of | Contaminated drilling fluid can settle on the bottom of (Srungavarapu, et al,,

Sediment bodies of water, leading to contamination of sediment. 2018) [24]
Ecological The introduction of hydrocarbon-contaminated drilling (Truskewycz, etal,,
Disruption fluid into an ecosystem can cause disruption to the 2019) [25]

natural balance of that ecosystem.

Human Health If people come into contact with hydrocarbon- (Bloomdahl], et al.,
Impacts contaminated soil, water, or air, they can experience 2014)[26]
negative health effects, including skin irritation,
respiratory problems, and more serious illnesses.

Economic Costs Cleaning up hydrocarbon-contaminated sites can be (Ahmed, et al., 2022)
expensive and have long-term impacts on industries [27]
such as agriculture, tourism, and fishing.

Remediation methods

Drilling operations generate a significant amount of spent drilling fluid, which contains contaminants that
may cause environmental damage. Thus, various remediation methods have been developed to manage
spentdrilling fluid. This review discusses the various remediation methods for spent drilling fluid and their
effectiveness in removing contaminants.

One of the commonly used methods for spent drilling fluid remediation is thermal treatment, which
involves heating the fluid to high temperatures to remove contaminants. Thermal treatment has been found
to be effective in removing hydrocarbons, heavy metals, and other contaminants [28]. However, this
method is energy-intensive and can be expensive.

Another method is bioremediation, which is a biological process that involves the use of microorganisms
to degrade organic contaminants in the environment. In the case of spent drilling fluid, bioremediation can
be used to break down the hydrocarbons in the waste. The microorganisms used in bioremediation include
bacteria, fungi, and algae. Studies have shown that bioremediation is an effective method of reducing
hydrocarbon concentrations in spent drilling fluid [29, 30]. Several studies have reported the effectiveness
of bioremediation in the remediation of hydrocarbon-contaminated waste drilling fluids. For example,
Shetaia, Y. M. H. etal. (2016) reported that bioremediation using a bacterial consortium resulted ina 68.3%
removal of total petroleum hydrocarbons (TPH) from waste drilling fluids [31]. Similarly, Chang, Y., et al.
(2014) reported a 91.7% removal of TPH from oil-based drilling fluids using a bacterial consortium [32].
Other studies have reported similar results, indicating that bioremediation is an effective method for
remediating hydrocarbon-contaminated waste drilling fluids [33, 34, 35, 36].

Physicochemical remediation involves the use of chemical and physical methods to treat spent drilling fluid.
Some of the physicochemical methods include coagulation, flocculation, electrocoagulation, adsorption,
and membrane filtration. These methods are effective in reducing the concentrations of contaminants in
spent drilling fluid. For instance, adsorption using activated carbon has been found to be effective in
reducing the concentrations of polycyclic aromatic hydrocarbons (PAHs) in spent drilling fluid [37].
Electrocoagulation has also been found to be an effective method of treating spent drilling fluid [38].
However, it requires a significant amount of energy and can be expensive.

Chemical treatment is also an option for spent drilling fluid remediation. This method involves the use of
chemicals to neutralise or separate the contaminants from the fluid. Various chemicals, such as oxidants,
acids, and bases, have been used in chemical treatment [39, 40]. However, the use of chemicals can have
adverse effects on the environment.

Physical separation is another remediation method that involves the use of physical processes such as
filtration, centrifugation, and sedimentation to separate the contaminants from the fluid. This method has
been found to be effective in removing solid contaminants such as drill cuttings [41]. However, it may not
be effective in removing dissolved contaminants.

Thermal remediation involves the use of heat to treat spent drilling fluid. The method involves heating the
waste to high temperatures to vaporise the contaminants, which are then collected and treated separately.
The residual solid is then disposed of appropriately. Thermal remediation is effective in treating spent
drilling fluid contaminated with organic compounds [42, 43].
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Phytoremediation is a process that involves the use of plants to absorb and accumulate contaminants from
the environment. In the case of spent drilling fluid, plants can be used to absorb the hydrocarbons in the
waste. Some of the plants that have been used in phytoremediation of spent drilling fluid include ryegrass,
clover, and mustard [44]. Studies have shown that phytoremediation is effective in reducing hydrocarbon
concentrations in spent drilling fluid.

Other methods such as adsorption, ion exchange, and reverse osmosis have also been used for spent drilling
fluid remediation. These methods have varying degrees of effectiveness in removing contaminants and
require careful monitoring to ensure their efficiency [45, 46].

The choice of the remediation method should consider the contaminants present in the spent drilling fluid,
the efficiency of the method, and the potential impact on the environment. A combination of remediation
methods may also be required to achieve efficient and effective spent drilling fluid remediation.
Application

Wastes from petroleum drilling have been added as new types of waste that can be treated and used in a
positive way. These wastes could be used in construction and building materials, like making roads [47],
pavement made of asphalt [48], as a total in cool blend black-top [49], Hot-mixed asphalt [50], the
production of cement [51], real-world [52], sandcrete blocks [53], blocks [54], and ceramics for
construction [55] have been proposed as of late. Solid drilling cuttings contain reactive calcium, silicon,
aluminium, and iron oxides that can be used in the cement industry as natural fine aggregate to replace
limestone and clay. They either serve as an active component to enhance the technical behaviour of cement
in small quantities or as a filler and constituents of the finished product [56]. Additionally, as construction
materials, pre-treated drill cuttings (i.e., thermally treated cuttings without a hydrocarbon fraction) and
screened or filtered cuttings with less liquid mud are potential aggregates or fillers [57]. Untreated cuttings
are moderately difficult to reuse for development purposes [58].

CONCLUSION

In conclusion, the systematic review on composition, effect, and remediation methods of petroleum
hydrocarbon contaminated waste drilling fluid has provided valuable insights into the current state of
knowledge on this topic. The analysis has emphasized the intricate characteristics of waste drilling fluid
contaminated with petroleum hydrocarbons. This fluid contains a diverse array of organic and inorganic
compounds, which can have detrimental impacts on the environment and human health.

The review has also provided a comprehensive overview of the different remediation methods that are
available for treating petroleum hydrocarbon contaminated waste drilling fluid, including physical,
chemical, and biological methods. Each of these methods has its own advantages and disadvantages, and
the choice of remediation method will depend on a number of factors, including the extent of
contamination, the type of hydrocarbon, and the desired end-use of the treated waste.

Overall, the systematic review has emphasized the need for continued research and development of
effective and sustainable remediation methods for petroleum hydrocarbon contaminated waste drilling
fluid. It is hoped that the findings of this review will help to inform future research and development efforts
in this area, as well as guide policy and decision-making related to the management of petroleum
hydrocarbon contaminated waste drilling fluid.

FUTURE SCOPE

In recent years, several studies have focused on the remediation of petroleum hydrocarbon-contaminated
waste drilling fluid. However, there is still a lack of understanding of the long-term effectiveness of different
remediation methods and the potential environmental impacts of these methods. Therefore, there is a need
for further research on the selection of appropriate remediation methods for specific types of petroleum
hydrocarbon-contaminated waste drilling fluid.
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