O 5 Volume 3, Issue 11, November - 2025 ISSN (E): 2938-3811

«F

Q¥ IN-DEPTH RESEARCH INTO INTEGRATIVE
TECHNOLOGIES AIMED AT SCIENTIFICALLY
ASSESSING THE COMPOSITION OF DRILLING
MUDS AND MINIMIZING ENVIRONMENTAL
RISKS

Murtazaev Abdujabbar Mustafaevich 1,
1 Tashkent State Technical University Named After Islam Karimov, Tashkent, Uzbekistan,
abdijabbor murtazayev(@gmail.ru, https://orcid.org/0009-0002-4681-2445

Bozorova Zamira Khudoyberdiyevna 2
2Tashkent State Technical University Named After Islam Karimov, Tashkent, Uzbekistan,
zbozorova052(@gmail.com

Abstract

Over the last decade, the rapid development of the oil and gas industry has been accompanied
by significant environmental challenges. Drilling muds, petroleum products, and chemical
reagents generated during oil and gas extraction processes adversely affect soil, water, and
atmospheric quality. This research investigates the chemical composition, toxicological risks,
and integrative eco-safe technologies for drilling muds. The study applies a combined
physicochemical and biological approach to reduce environmental hazards and enable
secondary utilization of wastes as valuable resources. The results demonstrate that multi-
method strategies significantly enhance environmental safety while contributing to sustainable
industrial practices.
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Introduction

In recent decades, industrial growth, particularly in oil and gas extraction, has escalated
environmental concerns. The discharge of drilling muds, petroleum residues, and chemical
reagents disrupts natural ecological balance. Soil, water, and atmospheric contamination along
with biocenotic degradation necessitate scientific and practical solutions for waste management
[1-2]. Countries worldwide, including Uzbekistan, face challenges of accumulated drilling
wastes with low recycling efficiency. The physicochemical and toxic properties of these wastes
complicate their disposal. Components such as petroleum fractions, heavy metals,
polyacrylamide, carboxymethylcellulose, and surfactants (PAV) classify them as
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environmentally hazardous [3—4, 10].
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This study focuses on integrative technologies for safe utilization of drilling wastes, aiming to
convert them into secondary raw materials in accordance with the “reuse-recycle” principle. In
the process of developing oil and gas fields, wastes released into the environment, in particular
drilling muds, petroleum products and chemical reagents, have a negative impact on the natural
balance. [5] As a result of these processes, pollution of the soil, water and atmospheric
environment, as well as disruption of biocenoses are observed. Therefore, the issues of ensuring
environmental safety and effective waste disposal in the oil and gas industry are extremely
relevant from a scientific and practical point of view today [1-2].

Today, the environmental load observed in the oil and gas sectors of our Republic and other
countries, the accumulation of production waste, and the low level of their recycling require
the improvement of the existing system. In particular, the physicochemical and toxic properties
of drilling muds complicate their disposal by simple methods. The oil fractions, heavy metals,
polyacrylamide, carboxymethylcellulose, and polymer components such as surfactants (PAV)
in the sludge make it an environmentally hazardous waste [3-4-10].

The solution to this problem is not only the elimination of waste, but also its transformation
into a secondary useful product, that is, the introduction of environmentally sustainable
technologies based on the principle of “recycling - reuse”. From this point of view, the issues
of comprehensive utilization of drilling waste, increasing its environmental safety, as well as
its use as a secondary raw material in industrial processes remain one of the important areas of
scientific research [5]. Along with the development of the oil and gas industry, environmental
problems are also becoming acute, and waste generated during drilling - drilling muds,
petroleum products, and chemical reagents - are considered to be factors that cause serious
damage to the environment. Such wastes contain heavy metals, organic compounds, oil
fractions and various polymer reagents, which cause pollution of soil, water and atmosphere.
Disruption of natural ecosystems, changes in biological balance, and migration of toxic
substances through groundwater give grounds for classifying these wastes as environmentally
hazardous. Therefore, safe disposal of drilling wastes has become an extremely urgent issue in
scientific and practical terms at the present time [1-6].

The existing literature covers various methods for disposal of drilling muds, among which
mechanical, chemical and biological methods are widely used. Mechanical separation methods
can separate solid and liquid phases, but this method does not fully ensure the elimination of
toxic components. Chemical neutralization processes allow the conversion of active forms of
heavy metals to an inert state, but these methods do not provide ecologically perfect results. In
biological treatment, microorganisms decompose organic compounds, but the neutralization of
metal ions is limited. Therefore, in recent studies, the use of an integrated approach to the
processing of drilling wastes — that is, the combined application of physicochemical and
biological methods — is recognized as the most promising direction [1-7].

D.V. Rakhmatullin's scientific work developed a new approach to the integrated utilization of
drilling wastes. It allowed reducing the toxicity of the waste by combining the processes of
reagent capping and biodestruction and using it as a secondary raw material. According to the
results of the study, a mixture of microorganisms such as Rhodococcus erythropolis, Bacillus
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subtilis and Fusarium sp. increased the efficiency of decomposition of organic components by
20-30 percent. The useful work factor for sludge is determined as follows:

General formula for the useful work factor

- energy used to move or transport the sludge (W, kW),

— total energy consumed by the pump or power source (W, kW).

It was found that when the resulting inert product was added to the cement composition, the
mechanical strength of the finished material was 15-35 percent higher. These results prove that
the utilization of drilling sludges not only ensures environmental safety, but also brings
economic benefits [1-7].

This approach is consistent with the principle of "zero waste", since waste is not completely
eliminated, but is recycled and transformed into useful products. This not only ensures
environmental sustainability, but also increases the efficiency of resource use in industrial
enterprises. Therefore, waste utilization technologies based on integrated methods are gaining
particular importance in the formation of environmentally friendly production systems today
[8-9]. Literature analysis shows that the complex composition of drilling wastes makes it
impossible to utilize them using single-purpose methods. The most effective results are
achieved only through a combination of multi-component, i.e. physical, chemical and
biological processes. At the same time, the possibilities of recycling wastes — for example, in
the production of building materials, in the preparation of road surfaces or as environmentally
friendly aggregates — not only protect the environment, but also strengthen economic
sustainability. Thus, the scientific substantiation and practical implementation of integrated
drilling waste processing technologies is an environmentally safe, economically viable and
innovative solution for the oil and gas industry [10].

Research Methods

In the research work, a comprehensive scientific approach was used to determine the chemical
and elemental composition of drilling muds, assess their environmental risk and develop
technological directions for utilization. Analytical work was carried out in stages, combining
physicochemical, instrumental and statistical analysis methods at each stage. At the first stage,
samples were taken from the deposits, and their physical parameters - density, moisture,
granulometric composition and solid phase fraction - were determined. At the next stage, the
content of major and trace elements in the sludge was measured using the energy-dispersive
and fluorescence analysis (EDRFA) method using a Niton XL2 spectrometer. The analysis was
carried out for 29 elements (Mg, Al, Si, Fe, Ca, K, Ti, Ni, Cu, Zn, Pb, As, etc.), and the results
were recorded in mg/kg and % units. In order to assess the measurement accuracy, verification
was carried out based on international standard samples OR-13b and 3596, and the deviations
between the results were found to be in the range of 1-3%, confirming the methodological
reliability. Based on the data obtained, the balance ratio of oxides (SiOz, Al.Os, Fe:0s, CaO,
K20) of the sludge was calculated, and their mineralization level and ecological activity
indicators were analyzed. Statistical processing was carried out in Microsoft Excel and
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OriginPro programs, and correlation analysis was used to determine the interrelationships of
heavy metals and their distribution trends.
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Literature Review

Recent literature highlights multiple methods for drilling mud utilization, including:
Mechanical separation: isolates solid and liquid phases but does not remove toxic substances
completely. Chemical neutralization: stabilizes heavy metals into inert forms, although it is not
fully eco-efficient. Biological treatment: microorganisms degrade organic matter, but metal
neutralization remains limited. Rahmatullin (2020) proposed a hybrid method combining
reagent-based encapsulation and biodegradation, achieving 20-30% higher organic matter
breakdown using microbial consortia (Rhodococcus erythropolis, Bacillus subtilis, Fusarium
sp.). The resulting inert products improved cement strength by 15-35%, demonstrating both
environmental and economic benefits [1-7].

Research Objectives

To analyze the chemical composition of drilling muds from major oilfields. To assess
environmental hazards and risks associated with drilling wastes.To develop integrative
physicochemical and biological methods for safe utilization. To propose sustainable industrial
applications of secondary products derived from drilling muds. Methodology. Sample
Collection and Preparation drilling mud samples were collected from multiple oilfields in
Uzbekistan. Physical parameters such as density, moisture content, granulometry, and solid
fraction were determined. Chemical and Elemental Analysis. Elemental composition was
analyzed using Energy-Dispersive X-Ray Fluorescence Analysis (EDRFA) with a Niton XL2
spectrometer, covering 29 elements including Mg, Al, Si, Fe, Ca, K, Ti, Ni, Cu, Zn, Pb, and
As. Standard verification (OR-13b, 3596) ensured measurement accuracy within 1-3%. Data
Processing. Oxide balances (SiO2, Al.Os, Fe.Os, CaO, K:O) were calculated. Statistical
correlations and trends of heavy metals were analyzed using Microsoft Excel and OriginPro
software. Integrative Treatment Chemical neutralization: Converts active metal ions into inert
forms. Biological degradation: Microorganisms metabolize organic polymers. Secondary
utilization: Treated mud used in construction materials or roadfill applications. Results.
Physical and chemical properties: High SiO2, Al.Os, Fe:Os; content indicates mineralized
composition affecting soil permeability. Toxic elements: Detected heavy metals (As, Pb, Ni,
Bi, U) pose risks to flora, fauna, and groundwater systems. Environmental impact: Potential
for metal migration into groundwater and disruption of biogeochemical cycles.Results and their
analysis. Based on the results of energy-dispersive X-ray fluorescence analysis (EDRFA)
presented below, the composition of drilling muds from all wells, fields and deposits in the
Republic of Uzbekistan and their impact on the environment were scientifically studied, and
scientific solutions for their environmental impact and elimination were studied (Table 1). The
muds formed during drilling have a complex physicochemical composition, and their impact
on the environment largely depends on the amount of heavy metals, oxides and salts in this
composition. The analysis results show that the main components of these muds are aluminum,
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silicon, iron, manganese, calcium and potassium. In particular, the high content of SiO2, Al-Os
and Fe:0Os indicates a high mineralization of the sludge. Although such components are
compatible with natural geochemical processes, their high concentration changes the physical
properties of the soil, reducing its filtration and water permeability. At the same time, the
presence of heavy metals in the sludge is a major factor increasing the environmental risk.
According to the analysis, toxic elements such as chromium, nickel, copper, zinc, lead, arsenic
and uranium were detected in the samples. Some of them - for example, arsenic (As) and nickel
(Ni) - are extremely dangerous for living organisms. These elements can be washed away by
water and spread over long distances as a result of their passage into the groundwater system.
In particular, the high content of zinc and copper reduces the activity of microorganisms, which
negatively affects the natural biogenic processes of the soil. Therefore, if such sludges are
stored in biologically active areas or near water bodies, they disrupt the stability of the soil-
water system. The oxide composition is also an important ecological indicator. According to
the analysis results, the concentrations of Al.Os, SiO2, Fe:Os, CaO and K20 are high, which
indicates that they have a mineral-based, but chemically active environment. For example, a
high content of CaO and K:O increases the alkalinity of the environment during hydrolysis
processes, which can increase the mobility of heavy metals. At the same time, the presence of
iron and manganese oxides increases their reduction-oxidation potential and changes the form
of metal ions. As a result, they remain in a water-soluble or adsorbed state and enter ecological
systems. The detection of lead (Pb), bismuth (Bi), uranium (U) and arsenic (As) in some
samples poses a particular danger. These elements have a radioactive or biotoxic nature, they
accumulate through the plant root system, and then pass through the food chain to the human
body. The long-term persistence of lead and arsenic in the soil is explained by the slowness of
their natural decomposition mechanism.[11] Therefore, if such waste is stored in the open
without environmental protection, it reduces soil fertility and causes toxic stress in biocenoses.
The results of chemical analysis also show that there are significant differences between
different samples of drilling muds. [12] In some samples, the content of Al-Os and Si0: is very
high, which indicates their clay-silicate nature; in others, the ratio of Fe-Os and TiO: is higher,
and they have an oxide-mineral structure. This diversity depends on the source of sludge
formation and the type of reagents used. That is why a single method for their disposal is
ineffective. To reduce the environmental impact of such sludges, an integrated approach is
required to neutralize and process them. [13] First, active forms of heavy metals are converted
into inert compounds through chemical inertization, and then organic components are
eliminated through biological decomposition processes. [14]As a result, the waste loses its
toxic properties and can be used as a secondary raw material, for example, in the production of
building materials 2016 [15]. In this way, drilling waste is transformed from environmentally
hazardous waste into a recyclable resource. In general, the results of energy-dispersive and
fluorescence analysis show that drilling sludges are an ecologically complex system. The high
concentration of metals and oxides in their composition poses a direct and indirect threat to the
environment. Therefore, strict adherence to environmental safety standards is required when
storing, transporting and disposing of such waste. Only a comprehensive, scientifically based
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approach can make them safe and integrate them into an environmentally sustainable
production system. (Table 1).

TABLE 1. Results of energy-dispersive and fluorescence analysis of drilling mud
composition (EDRFA, 29 elements, measured on a Niton XL2 instrument).
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Discussion
High concentrations of oxides and metals necessitate integrative treatment. Multi-method
approaches outperform single-method treatments.Safe utilization converts waste into
secondary raw materials for construction or road applications, supporting circular economy
principles.

Recommendations

Implement combined physicochemical-biological treatment in all oilfields. Regular
monitoring of heavy metals in soils and groundwater.Promote reuse of treated muds in
industrial applications.

Conclusion

Drilling muds represent a complex environmental challenge due to their chemical and
toxicological characteristics. Integrative treatment methods combining chemical neutralization
and biological degradation are highly effective. Safe reuse of treated muds in construction and
industrial applications enhances environmental safety and economic sustainability, aligning
with global best practices in the oil and gas industry. Acknowledgements. The authors
sincerely acknowledge the support of the I would like to express my gratitude to the rector of
Tashkent State Technical University, Professor Turabdjanov Sadritdin Makhamatdinovich,
doctor of Technical Sciences, and my scientific supervisor, Professor Murtazaev Abdijabbar
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