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Introduction

This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published

as a British Standard.

UK Vote

Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will beregjected.

- All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Template for comments and secr etariat observations

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

lan alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 ©) 4 5 (6) 7
MB | Clause No./ Subclause Paragraph/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Figure/Table/Note comment for change) by the MB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs |Amend to read '...so that the mains
clarifying. connector to which no connection...’
6.4 Paragraph 2 te The use of the UV photometer as  [Delete reference to UV photometer.
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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any patent
rights identified during the development of the document will be in the Introduction and/or on the ISO list of
patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization (WTO) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee [or Project Committee] ISO/TC [or ISO/PC] ###, [name
of committee], Subcommittee SC ##, [name of subcommittee].

This second/third/... edition cancels and replaces the first/second/... edition (ISO #####:####), which has
been technically revised.

The main changes compared to the previous edition are as follows:
— XXX XXXXXXX XXX XXXX
Alist of all parts in the ISO ##### series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Background

Soil contamination with petroleum-based oils poses significant environmental challenges. Oil pollutants can
severely impact soil quality, degrade water resources, and harm overall ecosystem health. Effective treatment
of oil-contaminated soil is therefore essential to enable land reuse and prevent further ecological damage.

Definition of Oil

In this document, the term oil refers specifically to petroleum-based oils commonly found in contaminated
soils. These include crude oil, fuel oils, lubricating oils (e.g., machine oil), and other hydrocarbon-based oils
originating from industrial processes. This definition excludes non-petroleum oils such as cooking oil or
vegetable oil, which fall outside the scope of the soil washing procedures described herein.

TPH Characterization and Analysis

Petroleum contamination in soil typically consists of both volatile and non-volatile hydrocarbon fractions.
Volatile fractions (C6-C10) include lighter petroleum products such as gasoline components, while non-
volatile fractions (C10-C40) include heavier petroleum products such as diesel, heating oil, and lubricating
oils. Complete assessment of soil remediation effectiveness requires separate analysis of both fractions
using appropriate analytical methods. This approach ensures accurate evaluation of fine bubble technology
performance across the full spectrum of petroleum contaminants commonly found in contaminated soils.

Limitations of Traditional Soil Washing Methods

Conventional soil washing techniques often rely on the use of harsh chemicals and intensive mechanical
operations. These methods may be costly, environmentally disruptive, and less effective when treating
certain types of soils or oil contaminants. Alternative remediation approaches—such as excavation and
disposal, chemical washing, and thermal desorption—are widely employed but also present limitations.
Excavation and disposal typically require off-site treatment or landfill disposal, incurring high
transportation and environmental costs. Chemical washing may introduce secondary contamination risks,
while thermal desorption, though effective, is energy-intensive and expensive, making it impractical for
large-scale applications.

Market Outlook for Soil Remediation

The global market for soil remediation was valued at approximately USD 50 billion in 2023. This figure is
projected to grow substantially, driven by tightening environmental regulations and increasing demand for
land restoration. Key factors contributing to this trend include industrial expansion, accidental spills, and
improper disposal of hazardous materials—all of which necessitate efficient and sustainable soil treatment
solutions.

Fine Bubble Technology as a Sustainable Alternative

Fine bubble technology has emerged as a promising alternative for oil-contaminated soil remediation. This
technique enhances the interaction between microscopic gas bubbles and oil particles in the soil matrix,
resulting in more efficient contaminant removal. Compared to traditional methods, fine bubble technology
is less invasive, requires fewer chemicals, and preserves the natural structure of the soil. These attributes
make it particularly suitable for remediation projects in ecologically sensitive areas.

Benefits of Using Fine Bubbles in Soil Washing

The effectiveness of fine bubble technology lies in the physicochemical properties of the bubbles themselves.
Their small size and large surface area significantly improve contact efficiency with hydrophobic
contaminants. This leads to enhanced oil removal performance while reducing the degree of soil disruption.
The method also offers economic advantages by lowering energy consumption and chemical use.

Challenges and Future Development
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Despite its benefits, fine bubble technology faces challenges such as variability in performance across soil
types and the need for specialized generation equipment. These factors can increase initial implementation
costs. Future research is expected to focus on improving bubble generation methods, optimizing system
scalability, and enhancing adaptability to various soil conditions. Automation and real-time control of bubble
injection systems may further improve operational consistency and expand potential applications.

Conclusion and Outlook

Fine bubble technology presents a viable and environmentally sustainable solution for oil-contaminated
soil remediation. As technological developments continue, it is anticipated that this method will play an
increasingly important role in environmental protection and land rehabilitation. The advancement of fine
bubble systems could establish a new standard in soil washing, promoting long-term ecological restoration
and sustainable land use.
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