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Abstract

Oil and gas exploration produces an overwhelming 
volume of wastes known for polluting the environment 
with immense negative impacts. One of such wastes is the 
drill cuttings incorporated with hazardous hydrocarbons, 
heavy metals and chemical additives from muds. Like 
other petroleum industry wastes, drill cuttings negatively 
affects the physical environment, alters the healthy 
chemical composition of the environment and exhibits 
toxic effects on sensitive organisms including humans. 
To offset these negative impacts variety of treatment 
options are available. Common physicochemical methods 
used for mitigating drill cuttings and their effects are 
thermal desorption, microwave heating, incineration, and 
solidification and stabilization. These options generate 
secondary contamination unlike the biological option, 
limited by land farming, composting and biopiling. 
Amongst these three options, the land farming method 
is most popular because it serves both treatment and 
disposal option and is compatible with the other two. 
Pretreatment of drill cuttings in composting and biopiling 
yield ten times efficiency in comparison to land farming 
treatment alone. This paper therefore suggests that drill 
cuttings be pretreated through composting and biopiling 
before the land farming option in order to reduce the 
overall treatment time.

Keywords: Biopiling; Bioremediation techniques; 
Bioremediation techniques; Drill cuttings; Muds; Land 
farming
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Introduction

Drill cuttings are byproducts of oil and gas exploration activities 
and consist of hydrocarbons, heavy metals, salts and additives 
of drilling muds. Drilling wastes, including drill cuttings, 
ranked second to produced water, which is the highest source 
of oil and gas industry wastes [1]. Drill cuttings are from two 
sources: water-based muds (WBMs) and non-aqueous drilling 
fluids (NADFs). The latter comprises of oil-based muds (OBMs) 
and synthetic-based muds (SBMs) that are less friendly to the 
environment but generate lesser amount of drill cuttings [2]. 
This implies that drill cuttings emanating from OBMs and 
SBMs are more toxic to the environment and less susceptible to 
degradation in comparison to WBMs. The constituents of drill 
cuttings, including polyaromatic hydrocarbons, heavy metals 
and chlorides affect the environment and its receptors negatively 
through alteration of the physical features of the affected area  [3, 
4], offsetting of healthy chemical integrity of the environment 
resulting in compromised support for sensitive organisms [5], 
and distortion of innate microbial diversity and food chain 
[6, 7]. In addition, drill cuttings are phytotoxic, cytotoxic and 
genotoxic [8, 9].

In order to reduce or correct these defects, different remediation 
techniques are often put in place. These techniques can either be 
physical, chemical or biological. The management of drill cuttings 
borders on waste minimization, secondary treatment, biological 
treatment and disposal [10]. Most common secondary treatments 
used in managing drill cuttings are microwave heating, thermal 
desorption, incineration, and solidification and stabilization [11, 
12, 13]. Some of these treatment/management technique serves 
as an alternative option but hardly can anyone of them be seen 
as sustainable since they can all lead to secondary pollution [14]. 
Waste treatment techniques that possess green and sustainable 
value are those of biological. Bioremediation techniques meant 
to address environmental pollution are numerous but only few 
have been used to mitigate drill cuttings. These techniques are 
land farming, composting and biopiling. However, land farming 
is more popular because it can both serve as treatment and 
disposal option. Land farming has both its merits and demerits 
but how its performance index can be improved is a concern to 
professionals in field.

Thus, this mini review probes into existing body of literature 
in finding out measures or approaches that can improve the 
performance of the land farming option for the management of 
drill cuttings. It is shown in this paper that sequential treatment 
of drill cuttings through composting, biopiling and land farming 

improves the treatment performance by a factor ten in comparison 
to using land farming alone. Alongside, the treatment process of 
land farming was highlighted and conditions that will enhance 
performance of the land farming was mentioned.

Definition of drill cuttings

Drill cuttings are crushed rock particles produced as the rotary 
drill bit penetrates into rock earth. The cuttings are transported, 
as lubricant, to the surface through the drilling (fluid) mud [15]. 
Meaning drill waste is made up of cuttings (consisting of metal 
oxides and heavy metals), and residual drilling mud [16]. Most 
dominant oxides found in dry drill cuttings are silicon (iv) oxide 
(SiO2), aluminum oxide (Al2O3) and barium oxide (BaO) while 
the dominant heavy metals are sinc (Zn), chromium (Cr), nickel 
(Ni), arsenic (As), copper (Cu) and lead (Pb) [17]. It is noteworthy 
that the chemical composition of drill cuttings rely on the rock 
types and the drill mud used [18, 1] itemized wastes associated 
with drilling: spent oil-based muds (mineral oil and whole mud, as 
major components), oil-based muds cutting (formation solids, oil-
based muds as major components) and spent water-based muds 
(biodegradable matters, mineral oil and whole muds, as major 
components). Core drilling methods does not produce cuttings; 
rather they produce rock solid cylinders [19].

Classification/functions of drilling muds

There are two common categories of drilling muds: water-based 
muds and non-aqueous drilling fluids- WBMs and NADFs. 
The former consist of water (fresh or salty), barite (BaSO4; as 
weighting agent), clay or organic polymer, inorganic salts, inert 
solids and organic additives (physical property modifications). 
The NADFs are of two types: oil-based muds (OBMs) and 
synthetic-based muds (SBMs) [20]. The OBMs and SBMs are 
preferred over the WBMs on many aspects including cleaner 
hole drilling, generation of lesser drill cutting wastes, minimal 
drilling problems and suitability on high temperature/pressure 
well and horizontal wells [21]. However, on the ground of 
environmental impact, the WBMs are preferred over the non-
aqueous drilling fluids. Field study has shown that WBMs are 
used where drilling would not go beyond one hundred metre 
[22]. Again, between the OBMs and SBMs, the SBMs have lesser 
toxicity, more susceptible to microbial degradation, recyclable 
and potential for bioaccumulation is lower [10].

Drilling is necessary for oil exploration during which drilling 
fluids (also called muds) are constantly pumped down the well, 
lubricate and cool the drill bit, stabilize the well bore and control 
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the downhole pressure [23]. The purpose of the pressure control 
is to avoid blow-out and it is achieved through fluid density 
control which balances the downhole pressure [10]. The drill 
mud also transport the cuttings to the surface, where separation 
between the mud and cuttings occur through mechanical shaker 
(Figure 1). The mud are recycled until its usefulness becomes 
expired and unsuitable for the drilling operations. It is usually 
difficult to completely separate the mud from the drilled solids 
[24]. Thus, drill cuttings are a mixture of soil material, formation 
particles, base mud and in some cases reservoir fluids. The 
associated hydrocarbon of drill cuttings is called “oil on cutting” 
(OOC) or “base fluid retained on cuttings” BFROC [25].

 Figure 1: A schematic diagram of drill cuttings formation and management options (Huang et al., 2018)

Their Impacts in The Environment

The presence of rare earth metals heavy metals (their oxides 
and salts), including PAHs and chemical additives, in spent 
drill waste make it a potential source of toxicity [16]. However, 
the possible impact depends on the subterranean material, 
concentration, biotic community and length of exposure of 
biotic community. Overall, the ecological impact of drill cuttings 
wastes is appreciated after chronic exposure (three months at 
least) of biotic community since concentration of cutting waste 
are comparatively low (Bevandic et al., 2021). Several researchers 

have studied the impact of these wastes. Hazardous properties of 
discharged drill cuttings are shown through:

1.	 Changes in the physical features and chemical 
composition of the seafloor sediments when drill cuttings are 
discharged into the sea, including heavy metal pollution [3]. 
The persistency of the drill cuttings depends on the bottom 
water energy, reactivity of incorporated compounds and 
biodegradability [4]

2.	 Reduced light penetration caused by drill cuttings 
decreases the number of phytoplankton in the water column [26]

3.	 Reduction of soil oxygen contents due to decreased oxygen 
diffusion, ultimately leading to pseudo anaerobic condition [5]

4.	 Inhibits redox enzymatic processes, which reduces the 
fertility and biological activity of soil; and formation of water 
soluble humates due to drill cuttings alkaline reaction [9] 

5.	 High salt-content drill cuttings creates water stress, 
causing plants wilt and death (McFarland, 2017)

6.	 Physical clogging of particles (from the drill cuttings) to 
zooplankton digestive tract and gills but crustaceans and fishes 
avoid drill cuttings suspended plumes [27]. 
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7.	 The accumulation of drill cuttings piles in the North Sea 
benthos caused a significant ecological disturbance to benthic 
communities, which lasted for at least eight years [8].

8.	 Water-based drill cuttings deposits on seafloor caused 
marked bacteria community alteration, defined by diversity 
reduction and distorted taxonomic profile but similar impacts 
was not observed 100 m away from the pollutant source [6]

9.	 Emergence of suitable hydrocarbon-degrading bacteria 
in both aerobic and anaerobic condition caused by oil-based drill 
cuttings pollution of seafloor [28]

10.	 Enrichment of opportunistic/pollution-resistant 
microbes and elimination of sensitive microbial species [29]

11.	 Bioaccumulation of PAHs and hydrocarbons (from 
discharged drill cuttings) in the tissues of marine faunas. 

12.	 Cytotoxicity and phytoxicity of spent drill muds caused 
induction of chromosomal disorder in root meristems, reduction 
of mitotic index and change of reactive oxygen species (ROS) 
which upregulated antioxidants [40]

13.	 Genotoxicity was proved in Mugilogobius chulae and 
ascribed to total petroleum hydrocarbons and PAHs present in 
oil-based drill cuttings [30]

Consequently, safety regulations are put in place for drill wastes 
management and disposals.

Management of Drilling Wastes

Drilling waste (including drill cuttings) is second to produced 
water, which is the largest volume of wastes generated in the 
oil and gas exploration and production industry [31]. Diverse 
means and methods are in operation to manage these drilling 
wastes with two objectives in mind: avoidance of undue delay of 
drilling operations and compliance with regulations imposed by 
governments and relevant institutions [32]. As a principle, waste 
management are required to follow a hierarchy order (Figure 2) 
of waste prevention, reuse, recycle and dispose [33]. Amongst 
the various available technologies and techniques, no particular 
option is preferable in all scenario because management 
options are determined by basic factors. These factors include 
regulations, type of base fluid used, transport and infrastructure 
among others [34]. Further, there are factors, which are specific 
for a chosen option, including reliability, performance, cost and 
portability [27]. The effect of the consideration of these factors is 
to ensure that best available management options are used. 

Figure 2: Hierarchy order of waste prevention suitable for drill cuttings management [38]
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There two phases of drilling waste management, which are solid 
control phase and secondary treatment phase. The solid control 
phase is concerned with the management of the quantity and 
quality of the generated waste volume [7]. The treatment phase is 
concerned with meeting criteria of disposal of the solid produced 
in the first phase. These two phases ate interlinked and cannot 
be operated in isolation. This is because the performance of the 
solid control phase conditions the type of secondary treatment 
that would be used and the secondary treatment technique in use 
would predispose the type of fluid selection, which in turn would 
determine the solid control technique. The goal of the solid 
control system is to reduce well cost by fast, efficient drill particles 
removal and minimization of liquid loss [35]. The process of the 
solid control system uses different pieces of equipment arranged 
in series starting with the shale shaker, powered by mechanical 
energy [36]. Though the shale shaker separates the cuttings from 
the drilling fluids and waste minimization, the recovered drilling 
mud may be processed using centrifuges or hydrocyclones to 
remove the finer particles that escaped the shale shaker [37]. 

The secondary treatment technology aims at reducing the 
residual amount of drilling muds attached to the cutting, which 
invariably increase the recoverable drilling fluids and ultimately 
saving cost. From environmental point of view, the final wastes 
contain lesser concentration with lesser environmental impact. 
Methods used for this purpose are physical, chemical and 
biological. In most cases, oil-based fluids are followed with 
secondary treatment because they tend to be far more hazardous 
[39]. Table 1 summarises the physical and chemical methods 
used for the secondary treatment. Some of these secondary 
treatment is followed by disposal, including but not exclusive to:

1.	 Offshore discharge. This is done once relevant discharge 
criteria are met.

2.	 Pit burial option. This option requires disposal of 
segregated cutting in an on-site pit earlier used for storing spent 
drilling fluids and cuttings. However, the liquid portion of the 
spent drilling fluid must have completely evaporated [10]. The 
liquid component of the drilling wastes is open to three options: 
being dislodge to surface water, land spreading or subsurface 
injection. One major disadvantage of this approach is that safe 
groundwater aquifer is contaminated. 

3.	 Landfill option. It is meant to dispose inert wastes from 
oil and gas exploration. It has a bottom and top (used during non-
active periods) liners to avoid groundwater contamination and 
evaporation respectively. The top liner is installed permanently 
when the landfill has served its purpose [40]

4.	 Re-injection option. Drill cuttings are injected into 
subsurface formation in the form of slurries using waste and 
water.  

5.	 Solidification/stabilization (S/S) process.  This method 
uses pozzolanic materials including cement and fly ash such that 
the physicochemical and handling properties of the wastes are 
improved alongside with the mitigation of the wastes’ toxicity, 
mobility and solubility [41].

6.	 Incineration technique. Involves the controlled heating 
the material to a temperature of 820 to 1600  to inert residue 
(Nemerow, 2007). Waste material incinerators have been limited 
to rotary kiln and liquid injection. In the rotary kiln handles 
enormous solid and liquid wastes while the liquid injection 
requires feeding of liquid waste along with fuel in the presence 
of air [42].

7.	 Thermal desorption process. Unlike incineration 
method, thermal desorption operate at 600  to volatilize water 
and hydrocarbons for off-gas treatment: particulate removal, 
condensation-carbon desorption, gas condensation-separation 
for heavier hydrocarbon separation [43] 

8.	  Microwave heating method. In this method energy 
is directly but selectively transferred to materials through 
molecular interaction with the generated electromagnetic field 
unlike in heating operation where energy is transferred via 
conduction, convection and radiation [13].

These physical methods no matter how effective they might be 
lack sustainability factor which is the in-thing science of today. 
For this purpose, different variants of bioremediation options 
have been put in place to treat drill cuttings and other waste 
materials alike. 

Suitable Bioremediation Techniques for Drill Cuttings

Bioremediation is any process that makes use of organisms, their 
parts or their enzymes to detoxify and restore contaminated 
environmental media to its former safe condition (Juwarka et 
al., 2014). As a biotechnology approach, bioremediation may 
be employed to decontaminate specific contaminants organic 
matter including drill cuttings [44]. Though multiple variants 
of bioremediation techniques exist for the treatment of oil 
wastes, only few are available for drill cuttings management. 
They include land farming (land treatment, land spreading), 
biopiles and composting [45, 46]. stated that land farming and 
composting are the two bioremediation methods employed by 
the Kuwat Institute for Scientific Research. Land farming is a 
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type of land application among others. Land application refers 
to the deliberate incorporation of drill cutting to top soil in a 
controlled manner with the objective of allowing biotic factors 
interact and transform, metabolize and assimilate components 
of the wastes [47]. It has different terminologies: 

•      Land farming, which is concerned with the repeated 
application of the wastes on surface soil

Method/Example Description Advantages Constraints Reference

Centrifugal cutting 
dryers  

They are particularly 
useful when oil-based 
drilling fluids are 
involved.

Reducing 
cuttings BFROC 
concentration and 
recovering fluid

Unable to meet 
discharge criteria of 
some regulators

Jiang et al. 
(2020)

Vacuum dryers

Work with various 
combination of 
differential pressure 
and high velocity

Most effective 
when larger sunk 
of cuttings are 
involved. 

Unable to meet 
discharge criteria of 
some regulators

Pereira et al., 
2014

Incineration
Dedicated for the 
burning of hazardous 
wastes

Complete removal 
of BFROC 

Equipment for air 
pollution control is 
expensive

Veil et al. 
(2002)

Thermal desorption
Separates 
hydrocarbons from oil-
based cutting wastes

Lowering BFROC 
concentration 
and retrieving 
hydrocarbons

Require space and 
engineering studies 

Zhang and Yao 
(2019)

Microwave heating

In this method 
energy is directly but 
selectively transferred 
to materials through 
molecular interaction

Have the potentials 
to be retrofitted to 
existing production 
platforms

Require huge energy for 
operation

Mota et al. 
(2020)

Solidification and 
stabilization

This method uses 
pozzolanic materials 
including cement and 
fly ash

Serve as method 
of choice to most 
international  
regulatory bodies

Organic components of 
the waste interfere with 
the inorganic binders

Ghasemi et al. 
(2017)

Pit burial
This option requires 
disposal of segregated 
cutting in an on-site pit

Simple and low cost
Contamination of safe 
underground water

Ball et al. 
(2012)

Landfill
It is meant to dispose 
inert wastes from oil 
and gas exploration

Simple to operate
Possibility of 
groundwater 
contamination

Kujaska et al. 
(2016)

Re-injection

Drill cuttings 
are injected into 
subsurface formation 
in the form of slurries 
using waste and water. 

Pollutants is far 
from humans

Contamination of 
formation

Ismail et al. 
(2017)

Physical methods employed in secondary treatment technology and disposal of drill cutting

•	 Land spreading, which is one-off spreading of the wastes on 
shallow subsoil.

•	 Land-spray while drilling (LWD) involves the spraying of 
drilling wastes from water-based drilling muds onto the soil 
surface [48]

•	 Mix-bury-cover has to do with the mixing of the drilling 
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wastes with subsoil, forming a stabilized mass that stays 
below the rooting zones (McFarlan et al., 2009).

•	 Pump-off treatment refers to the pumping of the liquid 
portion of the wastes onto the land using simple irrigation 
tools (Duric, 2012)

This treatment technique is simple, cost effective and sustainable 
but constrained by regulatory requirements. This is because the 
land application feasibility varies with respect to the regulatory 
structure and country requirements [49]. Amongst these land 
application varieties, land farming is the most popular thus 
require a considerate elaboration. The treatment of oily wastes 
in the petroleum industry using land farming started when 
it became established that microorganisms can assimilate 
hydrocarbons [50, 51].

Land farming

Land farming has been used in the oil and gas exploration 
industries for a considerable number of years. It involves the 
repeated and controlled application of (oil) wastes to the surface 
soil allowing the autochthonous microorganisms to transform the 
hydrocarbons, metals and other waste components. In most cases, 
the adapted microorganisms utilizes the organic components 
of the wastes as their sole source of carbon and energy or 
fortuitously degrade hydrocarbons that they cannot use as carbon 
source.  Apart from being a cost-friendly spent drill cuttings 
management method, land farming dilute metal and hydrocarbon 
concentration, reduces fertilizer losses, improves the water-
retaining capacity of sandy soil and improves phytostabilization 
of soil [52, 53, 54]. Soil amendment (with calculated nutrients, 
water and organic manure) and regular tilling of the surface soil 
in question, improves performance optimization [55].  Besides, 
soil amendment, watering and tilling reduces leaching conditions, 
minimize inorganic compounds mobilization, maintains moisture 
control, increase aeration and reduce dust formation [56]. 
Land farming process require consistent monitoring of wastes 
attenuation and biodegradation including control mechanism to 
avoid conditions that will lead to runoff. 

Basic approach in land farming treatment process for drill 
cuttings is straightforward and simple, and takes the following 
steps:

•	 Drill cuttings is transited from well site(s) using trucks and 
placed in a dedicated pit

•	 Removing pastures, topsoil and leveling of the land in 
sequence

•	 Drill cuttings is amended with sawdust for waste stabilization 
and waste concentration reduction

•	 Pre-amended waste is transported by truck and excavator to 
the prepared land and spread on the land surface (reason for 
the name: land spreading) using a bulldozer

•	 Removed topsoil is replaced in addition with organic 
manure for stability and nutrient enrichment. In addition, 
earthworms can be applied for aeration and nutrient 
enhancement

•	 Required layer (less than six inches) of the ready treatment 
bed is established using a disc or a tractor

•	 The treatment bed is levelled using harrows or chains

•	 Timed tilling, watering (reason for the name: land farming) 
and monitoring is carried out routinely. Monitoring may 
require liners and monitoring wells 

•	 After a reduction of TPHs, heavy metals and salts to a 
regulatory benchmark, special plant species can be cultivated 
for further attenuation of wastes through phytoremediation

•	 Next treatment phase should commence three years after 
decommissioning 

It is however important to know that the choice to apply land 
farming rests on the drilling wastes’ chemical composition and 
the characteristics of the land to be used. Thus, physicochemical 
analyses the native soil and chemical analysis of the drill 
cuttings should be the first step to take in the remediation of 
drill cuttings using land farming [57]. Some of the key analyses 
to be conducted include but not limited to soil texture, total 
heavy metals, total salts (electrical conductivity), sodium 
adsorption ratio (SAR), total petroleum hydrocarbons (TPHs), 
routine soil nutrient analyses, extractable individual ions and 
cation exchange capacity. [58] noted that texture, hydraulic 
conductivity, bulk density, cation exchange capacity and nutrient 
status are soil properties that influences the extent and rate of 
hydrocarbon elimination. The results from these analyses can tell 
if the proposed land can be used for the remediation purpose. For 
instance land with chloride greater than 500 ppm, groundwater 
less than ten feet and inorganic compound pollution history will 
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not be suitable for land farming remediation of drill cuttings 
[59]. The TPHs, heavy metals and salt concentrations are the 
most critical parameters to look out for from the drill cuttings. It 
is expected that the mixture of the drill cuttings and the top soil 
of the land in question should yield less than 1% TPH, 0.01% of 
heavy metals and 0.05% of salt concentration [60]. This dilution 
effect shows that the volume of the top soil and the property of 
the land used for this purpose are the most critical (decision-
making) factors because the volume of the drill cuttings can be 
controlled conveniently.  

In general, reduction of the sodium concentration in the drilling 
waste and nutrient rich soil are precondition for optimal waste 
treatment. This is why calcium sulphate is usually applied to 
drilling wastes and fertilizers (both natural and synthetic) are 
applied to soil before or during treatment process [61]. It is 
important not to exploit the land excessively (regeneration time 
of not less than three years) to avoid damaging the soil, which 
can be hardly corrected. Recommended soil layer for land 
farming in the treatment of drill cutting is between 4-6 inches 
[1]. This treatment layer is called biocells. Pretreating the drill 
cuttings by composting and instigation of optimal conditions 
(like sufficient aeration and pH) through biopiling will reduce 
the acreage of waste meant for the land farming. Composting 
in this sense implies mixing the drill cuttings with sizable 
residual organic materials, which creates exothermic condition 
and stimulates microbial degradation of the hydrocarbons [62, 
63]. Biopiling is a variant of land farming with the uniqueness 
of having systems that controls oxygen supply, moisture, 
temperature and pH. The pretreatment of drill cuttings by 
composting and biopiling will achieve ten times degradation 
rate of hydrocarbons in comparison to land farming alone. This 
shows that the amenability of land farming for drill cuttings 
treatment lies in its dual purposes: majorly for disposal, and 
elimination. Other drill cuttings disposal options, according to 
preference, are offshore discharge (after secondary treatments: 
thermal desorption and cutting dryer system), landfills and 
cutting re-injections [64, 27, 65].

Land farming is frequently used as a treatment option because 
it has high potential of success besides other advantages. 
Successes have been attributed to land farming in remediating 
oil-polluted soil, both intentional or accidental. The technique 
is suitable for easily or recalcitrant pollutants, is amenable for in 
situ and ex situ scenario but more adapted to aerobic condition 
[66]. Land farming was used record 80% removal of oil-
contamination in 15 months in Kuwait [46, 51]. demonstrated 

that 90% of hydrocarbons were removed through the use of land 
farming technique apart from the fact that the soil fertility was 
modifies characterized with calcium and pH increase and P2O5 
decrease. Yang et al. (2000) recorded 72.7% rate degradation of 
crude oil in a space of five months. [67] recorded a reduction 
of 80% of hydrocarbons in 11 months of land farming directed 
bioremediation. This was followed with increased enzymatic 
activities relative to a control soil. [68] demonstrated that 
application of land farming in treating drilling wastes does not 
pose threat of heavy metal increase nor their accumulation in 
plants in New Zealand agricultural system. 

Pros and Cons of treating drill cuttings with land farming

Land farming allows for multiple waste loading on the same land, 
apart from its low-technology requirement, cost-friendliness and 
including its potential in positively modifying soil conditions 
[53]. Pre-treated drill cuttings is used in construction-related 
purposes including road construction, block manufacturing 
and as fill material [69, 70]. Though the overall technique is 
cheap, cost for its operation and maintenance (which involves 
periodic tilling and application of fertilizer, chemical analysis, 
and monitoring) is high considering also the possible cost of 
removing salt content from drill cuttings. The salt removal 
approaches include mechanical washing (using freshwater), 
leaching pads and calcium ion addition [64]. There is possibility 
of accumulation of recalcitrant pollutants and salts after extensive 
use of same parcel of land for treatment of drill cuttings.[71-
75] This will ultimately do a damage to the land, making such 
land unsuitable for further waste treatment, setting in of soil-
water repellency, [75-80] limited support for plant growth and 
microbial diversity [59]. 

Conclusion

The conclusion drawn from this mini review is as follows:

1.	 Drill cuttings is an hazardous waste of oil and gas 
exploration consisting of hydrocarbons, heavy metals and 
drilling fluids chemical additives

2.	 There are three basic sources of drill cuttings, which are 
oil-based muds, synthetic-based muds and water-based muds 
with decreasing toxicity effects

3.	 Drill cuttings managements include but not exclusive to 
waste minimization, secondary treatment and disposal
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4.	 Drill cuttings causes physical, chemical and biological 
alteration of the ecosystem and its receptors be it microorganism, 
plants, animals and humans

5.	 Physicochemical treatment techniques are available for 
the management of drill cuttings but only the biological option 
guarantees sustainability

6.	 The many biological options available only land 
farming, composting and biopiling has been successfully used 
in field-scale

7.	 These three biological methods can be integrated 
in achieving 10 times of efficiency in comparison to the land 
farming method alone.

8.	 The land farming technique serves as both treatment 
and disposal options, making it the most popular amongst the 
biological alternatives available for drill cuttings treatment.
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