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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 2. 

The main task of technical committees is to prepare International Standards. 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. 

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. 

ISO 11709 was prepared by Technical Committee ISO/TC 190, Soil quality, Subcommittee SC 3, Chemical 
methods and soil characteristics. 
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Soil quality — Determination of selected coal-tar-derived 
phenolic compounds using high performance liquid 
chromatography (HPLC) 

1 Scope 

This International Standard specifies a method for the quantitative determination of selected coal-tar-derived 
phenols, namely phenol, methylphenols such as (ortho-, meta-, para-)cresols, and dihydroxybenzenes such 
as catechol, resorcinol and hydroquinone (see Table 1) in soil by using high performance liquid 
chromatography with ultraviolet/diode array (HPLC/UV/DAD) or fluorescence (HPLC/FLD) or electrochemical 
detection (HPLC/ELCD). It is applicable to all types of soil with contamination levels of individual phenols in 
the range of approximately 0,08 mg/kg to 10 mg/kg of soil. 

NOTE Also with this method, other higher methylated phenols, for example, dimethylphenols such as (2,3-, 2,4-, 2,5-, 
2,6-, 3,4- and 3,5-)xylenoles, 2-isopropylphenol, 2,3,5-trimethylphenol and 1-naphthol can be analysed, provided the 
suitability and the validity of the method are proven. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO 10381-1, Soil quality — Sampling — Part 1: Guidance on the design of sampling programmes 

ISO 11465, Soil quality — Determination of dry matter and water content on a mass basis — Gravimetric 
method 

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 
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3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 
coal-tar-derived phenols 
monohydroxybenzene, monomethylphenols and dihydroxybenzenes 

NOTE See Table 1 for details. 

Table 1 — Target phenolic compounds 

Compounds Molecular formula Molecular mass 

g/mol 

CAS-RNa Chemical structure 

Phenol 
monohydroxybenzene 

C6H6O 94,11 108-95-2 

 
o-Cresol 

2-methylphenol 
C7H8O 108,14 95-48-7 

 

m-Cresol 
3-methylphenol 

C7H8O 108,14 108-39-4 

 

p-Cresol 
4-methylphenol 

C7H8O 108,14 106-44-5 

 

o-Dihydroxybenzene 
1,2-Dihydroxybenzene 

(catechol) 

C6H6O2 110,10 120-80-9 

 

m-Dihydroxybenzene 
1,3-Dihydroxybenzene 

(resorcinol) 

C6H6O2 110,10 123-31-9 

 

p-Dihydroxybenzene 
1,4-Dihydroxybenzene 

(hydroquinone) 

C6H6O2 110,10 108-46-3 

 
a CAS-RN Chemical Abstracts Services-Registry Number. 
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4 Principle 

A sample of “as-received” or field-moist soil is extracted with methanol at low pH. Reversed-phase high 
performance liquid chromatography (HPLC) with direct injection of a definite extract volume and an 
appropriate detection technique, such as UV/DAD or fluorescence or electrochemical detection, is used to 
determine the phenolic compound content. 

5 Interferences 

5.1 Interference with sampling and extraction 

Standard laboratory glassware, appropriately cleaned and free of interfering compounds. 

Do not use any kind of plastics containers, since the phenols may be adsorbed onto these. Plastics materials 
may also contribute their impurities to the sample material. 

5.2 Interferences with the HPLC 

Substances which have the same or nearly the same retention time of the target analytes, and which give UV, 
fluorescence or electrochemical (amperometric) signals, may interfere with the determination. 

6 Reagents 

6.1 General 

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade. 

Solvents for HPLC shall be of the purity recommended by the HPLC manufacturer. 

Only commercially available certified standards of high purity shall be used. 

WARNING — Phenols are both toxic and corrosive and should be handled with care. Methanol and 
acetonitrile are toxic and acetic acid is corrosive. Latex or nitrile gloves and eye protection should be 
worn at all times. Spills should immediately be wiped up with adsorbent tissue and placed in sealed 
containers used for the disposal of toxic chemicals. Samples should be treated as toxic and harmful. 

6.2 Mobile phase for HPLC 

6.2.1 Water, ultra-pure water is required (HPLC-purity grade). 

6.2.2 Acetonitrile, C2H3N, HPLC-purity grade. 

6.2.3 Acetic acid, CH3COOH, analytical grade. 

6.2.4 Helium, He, of suitable purity for degasification of solvents. 

6.3 Extraction 

6.3.1 Methanol, CH3OH, analytical grade. 

6.3.2 Acetic acid, CH3COOH, analytical grade. 
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6.3.3 Acidic methanol, 0,1 % volume fraction of acetic acid (6.3.2) in methanol (6.3.1), for the preparation 
of standard solutions and the extraction. 

6.4 Standards 

6.4.1 Reference substances (Table 1) 

Certified solutions of phenols and single-solid phenol substances with certified purity are available from a 
limited number of suppliers. 

6.4.2 Quality-control standard 

For example, 4-fluorophenol (CAS 371-41-5). 

This quality-control standard shall be used to verify the stability of the detection system, especially for ELCD 
measurements and also for the recovery check of the extraction. A recovery control check shall be made by 
addition of a suitable phenolic compound (not mentioned in the scope) to the sample before extraction, which 
is not interfering with the target analytes, e.g. 4-fluorophenol. 

6.5 Preparation of standard solutions 

6.5.1 Preparation of calibration solution of phenols 

6.5.1.1 Single-substance stock solutions 

Prepare solutions of the single substances (see Table 1) and also the quality-control standard in acidic 
methanol (6.3.3) with a mass concentration of, for example, 10 mg/ml. These solutions are used for 
confirmation and identification of single phenols in the chromatogram. 

Weigh, for example, 10 mg of single-solid phenol substances into a 10 ml volumetric flask and fill up to the 
mark with acidic methanol (6.3.3). 

6.5.1.2 Multiple-substance stock solution 

Prepare the multiple-substance stock solution by mixing appropriate volumes of single-substance stock 
solutions (6.5.1.1) in acidic methanol (6.3.3). 

The solutions 6.5.1.1 to 6.5.1.2 are stable for at least 6 weeks when stored in the dark at 4 °C to 7 °C and 
protected from evaporation. 

6.5.1.3 Calibration solutions 

Prepare at least five calibration solutions by appropriate dilution of the multiple-substance stock solution 
(6.5.1.2), using acidic methanol (6.3.3). 

Transfer, for example, 100 µl of the stock solution and a constant volume of quality-control standard solution 
(6.5.2) into a graduated 10 ml flask and fill up to the mark. 

1 µl of the calibration solutions contain 0,5 ng to 5 ng of the respective individual substances. 

Check the stability of the calibration solutions regularly. 

NOTE Checking the mass concentration of the phenols in the stock solution is only possible by comparison with an 
independent, preferably certified, standard solution. 
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