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Foreword

ISO (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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

International Standard ISO 13877 was prepared by Technical Committee TC 190, Soil quality, Subcommittee SC 3,
Chemical methods and soil characteristics.

Annex A of this International Standard is for information only.
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Introduction

Polynuclear aromatic hydrocarbons (PAH) can be generated when organic matter is treated under pyrolytic conditions,
meaning conditions of incomplete heating or combustion under exclusion of oxygen. In addition to PAH, other
substances are formed which cover a wide range of molecular mass, some of which cannot be vaporized without
decomposition.

PAH are ubiquitous in soil in a concentration range from 1 mg/kg to 10 mg/kg per single component. In soils influenced
by human activities (industries, traffic, etc.) concentrations in the range from 1 mg/kg to 10 mg/kg per single component
may be found. In soils from (former) industrial sites, levels of hundreds of mg/kg per single component may be
detected.

PAH are neither very volatile nor very soluble in water. They will adsorb on almost any solid surface and have a very
strong affinity to organic matter. Therefore PAH can be present in different distributions, e.g. in more or less
homogeneous thin layers or in finely divided small particles as well as liquids.

The first situation is found for example in non- or lightly polluted areas. Depending on the type of soil, PAH can be
present as a monomolecular layer on the surface of particles or, with clayey types of soil, PAH can also be found within
the clay aggregates.

Frequently the second situation is found in more heavily polluted areas. PAH can be present in dust, soot or tar
particles.

These differences in occurrence and concentration make it impossible, for the time being, to prepare one single
method for all applications. Although high pressure liquid chromatography (HPLC) is used for the determination of PAH
in extracts, different approaches for extraction and/or concentration and/or clean-up are necessary.

In this International Standard, two different methods, A and B, are described.

For non- or lightly polluted soils ("mg/kg range") it is of major importance that the extractant be able to break up the soil
aggregates and allow an intensive contact between extractant and individual particles. This can be achieved by using a
polar extractant, such as acetone, in combination with mechanical shaking (method A).

For more heavily polluted soils ("mg/kg range") a less polar extractant is needed for dissolving PAH from soot or tar
particles. Although the highly toxic benzene still is the best extractant, the less toxic toluene is prescribed for this
purpose in combination with exhaustive Soxhlet extraction (method B).

Both methods can be applied to all concentration ranges. However, applying acetone extraction for highly
contaminated soils and toluene extraction for lightly contaminated soils can result in poor recoveries. Selection of the
appropriate method should be based on concentrations of PAH and the expected type of adsorption or distribution
within the soil.

In the literature a number of experiments has been reported using different solvents and/or extraction techniques.
Solvents such as hexane, cyclohexane, methylene chloride, acetonitrile or tetrahydrofuran have been used. Other
extraction techniques such as ultrasonic extraction or supercritical fluid extraction (SFE) have been applied. The results
from these experiments are often comparable to those obtained by using the methods given in this International
Standard. However, the use of procedures other than those described in this International Standard is not covered and
their users should not refer to this International Standard.
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Before commencing PAH analysis in a laboratory, it would be wise to discuss the facilities with the appropriate Health
Authority. It is suggested that initial familiarization with the techniques be carried out using a non-carcinogenic PAH
such as fluoranthene. General techniques for the handling of hazardous materials have been given elsewhere [1], [2],
[3], [4]; these publications or their equivalent should be studied before handling PAH.
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Soil quality — Determination of polynuclear aromatic
hydrocarbons — Method using high-performance liquid
chromatography

WARNING:  Certain polynuclear aromatic hydrocarbons (PAH) are highly carcinogenic; handle with
extreme  care. Do not allow solid materials, solvent extracts and solutions of standard PAH to contact the
body. PAH can co-distil with solvent and deposit on the outside of stoppered bottles, therefore always
handle all vessels containing solutions of PAH using gloves which are solvent-resistant and preferably
disposable. Vessels containing PAH solutions should be stored standing in beakers to contain any spillage
in case of breakage. PAH contamination of vessels can be detected by irradiation with light of 366 nm
wavelength.

Solid PAH are most dangerous and give rise to a dust hazard due to their crystals becoming
electrostatically charged. Handle these materials only where the proper facilities are available (e.g.
adequate fume hoods, protective clothing, dust masks, etc.). It is strongly advised that standard solutions
be prepared centrally in suitably equipped laboratories or purchased from suppliers specialized in their
preparation.

Dispose of solvent solutions containing PAH in a manner approved for disposal of toxic wastes.

1 Scope

This International Standard describes two methods for quantitative determination of polynuclear aromatic
hydrocarbons (PAH) in soil.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain registers of currently valid International Standards.

ISO 8466-1,  Water quality — Calibration and evaluation of analytical methods and estimation of performance
characteristics — Part 1: Statistical evaluation of the linear calibration function.

ISO 8466-2,  Water quality — Calibration and evaluation of analytical methods and estimation of performance
characteristics — Part 2: Calibration strategy for non-linear second order calibration function.

ISO 10381-5,  Soil quality — Sampling — Part 5: Guidance on the procedure for investigation of soil contamination
on urban and industrial sites.

ISO 11464,  Soil quality — Pretreatment of samples for physico-chemical analysis.
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ISO 11465,  Soil quality — Determination of dry matter and water content on a mass basis — Gravimetric method.

ISO 14507,  Soil quality — Pretreatment of samples for the determination of organic contaminants.

3 Principle

Soil is extracted with acetone without drying (method A) or extracted with toluene after drying (method B).

NOTE 1   When applying method B, loss of naphthalene can occur while air-drying soil.

Analysis of the extract is carried out by high performance liquid chromatography (HPLC), using ultraviolet or
fluorimetric detectors with variable excitation and emission wavelengths. Quantitative evaluation is carried out by
recording detector signals (area or height) by the external standard method.

16 compounds, listed in 5.11 (the so-called EPA-priority pollutants PAH [5]), can be determined. For other PAH, the
validity of the method has yet to be proven.

NOTE  2   Acenaphthylene cannot be measured using fluorimetric detection.

4 Apparatus

4.1 General

4.1.1   Analytical balance,  with an accuracy of 0,01 g.

4.1.2   Analytical balance,  with an accuracy of 0,01 mg.

NOTE    This balance should be used only for preparation of standards.

4.1.3   Drying cabinet  in accordance with ISO 11465.

4.2   Apparatus for sample preparation (Method A)

4.2.1   Conical flask  of 500 ml capacity.

4.2.2   Separating funnel  of 1000 ml capacity.

4.2.3   Shaking machine,  horizontal movement with up to 200 shakes per minute.

4.2.4   Concentration apparatus,  for example Kuderna-Danish or rotary apparatus.

4.2.5   Water bath,  with a temperature range up to 100 °C.

4.2.6   Chromatography column  for clean-up, internal diameter 1 cm.

4.3   Apparatus for sample preparation (Method B)

4.3.1   Soxhlet,  approx. 30 ml, with paper or glass fibre thimbles, 100 ml round-bottom flask and reflux condenser.

NOTE   If blank values cannot be excluded, thimbles should be cleaned with toluene before use.

4.3.2   Measuring flasks , 50 ml and 100 ml nominal volumes.
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4.2 Apparatus for analysis

4.4.1   High performance liquid chromatograph , equipped according to requirements with either an ultraviolet
detection system (with variable wavelength) or a fluorimetric detection system (with free choice of excitation and
emission wavelengths). If fluorimetric detection is used, degassing (removal of oxygen) of mobile phase, e.g. by
helium, is necessary.

4.4.2   Separation column with guard column,  with reversed-phase materials for PAH analysis.

NOTE   In soil analysis, utilization of a guard column helps to improve the durability of the analytical column.

4.4.3   Recording device, computer integrator with printer/plotter . Measuring range according to HPLC output
signal, preferably with monitor interpretation and the possibility of subsequent baseline correction.

5 Reagents

5.1   General reagents

Chemicals fulfilling the requirements for residue analysis and which do not contain PAH are suitable for sample
preparation. Periodic blank value determinations shall be carried out to verify the purity of chemicals, generally after
introduction of new stock batches. Batches of solvents containing PAH either shall be substituted by ones free from
PAH, or shall be purified by distillation (e.g. over a Vigreux column of 1 m length).

5.2   Acetone , p.a. grade or residue analysis grade (A).

5.3   Petroleum ether  (boiling range 40 °C to 60 °C), p.a. grade or residue analysis grade (A).

5.4   Toluene , p.a. grade or residue analysis grade (B).

5.5   Sodium sulfate  (anhydrous), p.a. grade.

5.6   Aluminium oxide , basic or neutral, specific surface area 200 m2/g, activity super I according to Brockmann.

5.7   Methanol or acetonitrile,  HPLC purity grade.

5.8   Water .

5.8.1   For extraction (A): double-distilled or deionized .

5.8.2   For HPLC mobile phase: ultra-pure water  (HPLC purity grade).

5.9   Helium , of suitable purity for degasification of solvents (see 4.4.1).

5.10   Nitrogen , of suitable purity of volume reduction.

NOTE   It should be verified that no impurities are introduced, e.g. by plastics pipe installations.
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