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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
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CHNICAL SPECIFICATION ISO/TS 17182:

2014(E)

Soil quality — Determination of some selected phenols and
chlorophenols — Gas chromatographic method with mass
spectrometric detection

WARNING — Phenols and chlorophenols are both toxic and corrosive and should be handled with

ca

e, Methanol and acetonitrile are toxic and acetic acid is corrosive, Latex or nitrile g

oves and

€y
tis|
be
pr
trg

1
Th

ph
by

safnples, such as sediments and solid wastes. This International Standard describes an ac

ex
by

Wi

fis International Standard describes the gas chromatographic determination of pheno

e protection should be worn at all times. Spills should immediately be wiped up with,4
sue and placed in sealed containers used for the disposal of toxic chemicals. Sampl
treated as toxic and harmful. Extreme care shall be taken through all steps ofithe €|
bcedure, which shall be performed in a fume hood. All solvent wastes shall be collé
ated as hazardous waste. Thus, there is a contamination risk in the laboratory.

Scope

bnols, di-methylphenols and tri-methylphenols (see Table 1) and‘selected chlorophenols (s¢
using mass spectrometric detection in soil samples. This method can also be used for d

raction of soil, followed by acetylation and then liquid/liquid extraction. Determination t
gas chromatography and mass spectrometric detectioh.

h this method, phenols and chlorophenols can be‘etermined at the lowest of mass conc

dsorbent
es should
xtraction
rcted and

s, methyl
e Table 2)
ther solid
idic liquid
hkes place

bntrations

rapging from approximately 0,01 mg/kg to 0,1 mg/kg depending on the component sensitivity and the
qupntity of sample used. In some cases, complete separation of isomers cannot be achieved| Then the
sum is reported.
NOTE With this method, other higher.methylated phenols can also be analysed provided that the suitability
andl the validity of the method is proven.
Table 1 — Target phenolic éompounds with relevant mass fractions of respective acetylated
compounds for MS-detection
i Acetylated compounds
Compound €AS-RNa themlclal y P
ormula Fragmentationb
1st mass Relative 2nd mass Relative
intensity % intensity %

phlenol 108-95-2 CeHeO 94 100 66 26
2-methylphenol 95-48-7 C7HgO 108 100 107 68
(ofcrésel)

3-trethytpiremot 108-39-4 C7Hg0 108 100 107 85
(m-cresol)

4-methylphenol 106-44-5 C7HgO 108 100 107 92
(p-cresol)

2,3-dimethylphenol 596-75-0 CgH100 122 90 107 100
2,4-dimethylphenol 105-67-9 CgH100 122 100 107 85
2,5-dimethylphenol 95-87-4 CgH100 122 100 107 90
2,6-dimethylphenol 576-261-1 CgH190 122 100 107 92

a  Chemical abstract service registry number.

b Spectral database for organic compounds (SDBS).

© ISO 2014 - All rights reserved 1
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Table 1 (continued)

Compound CAS-RN: themical Acetylated compounds
ormula Fragmentationb
1st mass Relative 2nd mass Relative
intensity % intensity %
3,4-dimethylphenol 95-65-8 CgH100 122 99 107 100
3,5-dimethylphenol 108-68-9 CgH100 122 100 107 68
2,3,5-trimethylphenol 697-82-5 CoH4120 136 87 121 100
2,3,6-trimpthylphenol | 2416-94-6 CoH120 136 90 121 100
2,4,6-trimpthylphenol 527-60-6 C9H120 136 10 121 85
3,4,5-trimpthylphenol 527-54-8 CoH120 136 70 121 100
2-ethylphgnol 90-00-6 CgH100 107 100 122 48
3-ethylphgnol 620-17-7 CgH100 122 48 107 100
4-ethylph¢nol 123-07-9 CgH100 107 100 122 35
4-propylphenol 645-56-7 CoH120 107 100 136 25
4-isopropylphenol 99-89-8 CoH120 121 100 136 28
2-hydroxypiphenyl 90-43-7 C12H100 170 100 141 23
Internal standards
2-fluoropHenol 367-12-4 CeHsFO 112 100 64 58
4-fluorophenol 371-41-5 CeHsFO 112 100 64 18
zilf;‘rll‘(’){"'z methyl- 452-72-2 C7H7FO 126 100 97 29
4-fluorocatechol 367-32-8 CeHsFO2 128 100 75 28

a  Chemidal abstract service registry number.
b Spectrjl database for organic compounds (SDBS):
Tabl¢ 2 — Target chlorophenolic’compounds with relevant mass fractions of respective
acetylated compounds for MS-detection
Compound AS-RN: Cfgsﬁli:igl Acetylated com[.)ounds
Fragmentation
1stmass | Relative | 2ndmass | Relative
intensity intensity
% %
2-chlorophenol 95-57-8 CeHsOCI 128 100 130 34
3-chlorop]|1enol 108-43-0 CeH50Cl 128 100 130 29
4--chlorop}llen01 106-48-9 CgH50Cl 128 100 130 35
2,6-dichlorophenol 87-65-0 CeH40Cl3 162 100 164 67
2,4-dichlorophenol 120-83-2 CeH40Cl> 162 100 164 66
2,5-dichlorophenol 583-78-8 CeH40Cl> 162 164
3,5-dichlorophenol 591-35-5 CeH40Cly 162 100 164 66
2,3-dichlorophenol 576-24-9 CeH40Cl> 162 100 164 66
3,4-dichlorophenol 95-77-2 CeH40Cl7 162 100 164 66
2,4,6-trichlorophenol 88-06-2 CeH30Cl3 196 100 198 98

a  Chemical abstract service registry number.
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Compound CAS-RN: themical Acetylated compounds
ormula Fragmentation
1stmass | Relative | 2ndmass | Relative
intensity intensity
% %
2,3,6-trichlorophenol 933-75-5 CeH30Cl3 196 100 198 100
2,3,5-trichlorophenol 933-78-8 CeH30Cl3 196 100 198 100
2,4,5-trichlorophenol 95-95-4 CgH30Cl3 196 96,1 198 100
2,3,4-trichlorophenol 15950-66-0 CeH30Cl3 196 100 198 98
3,4,5-trichlorophenol 609-19-8 CeH30Cl3 196 100 198 100
2,3,4,5-tetrachlorophenol 4901-51-3 CegH20Cly 230 — 232 —
2,3,5,6-tetrachlorophenol 935-95-5 CeH20Cly 230 79 232 100
2,3,4,6-tetrachlorophenol 58-90-2 CeH20Cly 230 78 232 100
peptachlorophenol 87-86-5 CeHOCls 264 66 266 100
a | Chemical abstract service registry number.
2 | Normative references
The following documents, in whole or in part, are normatively referenced in this document and are

ing

references, the latest edition of the referenced document (including any amendments) applieg.

IS(
IS(
IS(
IS(
IS(

IS(
mg

3

Th

phenols are extracted from field moist soil with methanol atlow pH. The second step is the de

;

of

ispensable for its application. For dated referenees, only the edition cited applies. Fo

3696, Water for analytical laboratory use <<Specification and test methods
10381-1, Soil quality — Sampling — Part'1: Guidance on the design of sampling programmes
11465, Soil quality — Determinationof dry matter and water content on a mass basis — Gravime
14507, Soil quality — Pretreatment of samples for determination of organic contaminants
18512, Soil quality — Guidance on long and short term storage of soil samples

22892, Soil quality~< Guidelines for the identification of target compounds by gas chromatog
ss spectrometry

Principle

I undated

ric method

raphy and

Iction: the

methed described here is based on two steps. The first step includes a solid/liquid extr3

hHenols obtained in an aliquot of methanol in aqueous carbonate solution with acetic

atization

ri
Ej\;lhydride;

the derivatives formed are extracted from this sample with cyclohexane. The cyclohexane fraction is
analyzed by gas chromatography with mass spectrometric detection.

4

4.1

Interferences

Interference with sampling and extraction

Standard laboratory glassware, appropriately cleaned and free of interfering compounds. Do not use any
kind of plastic containers, since phenols can be adsorbed to these. Plastic materials can also contribute
their impurities to the sample material. Surfactants, present in the sample, might disturb the proper
extraction of phenols.

© IS0 2014 - All rights reserved
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4.2 Interference with GC-MS determination

Substances which have the same or nearly the same retention time of the target analytes and which give
the same mass fragments (i.e. isomeric phenols other than stated in the table) might interfere with the

determin

ation.

5 Reagents

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade and water
of at least grade 1 as defined in I1SQ 3696

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

5.1 Praducts used in their commercially available form

511 G
manufact

Is chromatography gases, of a purity as recommended by the gas ‘chromatograj
rer.

5.1.2 Mepthanol, CH30H, with a mass fraction of 99,5 %.

5.1.3 Cyclohexane, CcH1 or other hydrocarbon solvent like heptané.

5.1.4 Hydrochloric acid, HC], concentrated, with a mass fraction of 37 %.

5.1.5 Sddium hydroxide, NaOH.

5.1.6 Pgtassium carbonate, K;COs3.

5.1.7 Agetic anhydride, (CH3C0);0, anhydreus.

5.1.8 Sddium sulfate, Na;S04, anhydrous:

Weigh portions of 2 g of sodium sulfatejinto test tubes with polytetrafluoroethylene (PTFE) lined caps. Il
the test tubes at (550 + 20) °C for 4 h + 30 min without caps. Take them to a desiccator and let them c
When cooled, put on the caps ahd store the tubes at room temperature. Sodium sulfate can also be dr
in bigger portions and stored iva desiccator after cooling. Weigh portions of 2 g into tubes when neede

5.1.9 Sdlected phenol-and chlorophenol standards, listed in Table 1 and Table 2.

5.1.10 Sdlected:fluorophenol standards, listed in Table 1 as internal standard.

NOTE

hy

ry
ol.
ed

MS

Other compounds such as isotopic and deuterated phenols which might not interfere with the GCH

measurembestEean alcalbaicnd oo it al oo Ao Ao
CHtEatarSopeuSeaastHreriarStahiaarasS:

5.2 Aqueous solutions

5.2.1 Sodium hydroxide solution, NaOH, ¢(NaOH) = 0,1 mol/L.

5.2.2 Sodium hydroxide solution, NaOH, c(NaOH) = 0,5 mol/Il.

5.2.3 Potassium carbonate solution, K;CO3, ¢(K2C03) = 0,1 mol/l.

5.2.4 Potassium carbonate solution, K;C03, ¢(K2C03) = 5,2 mol/l.

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=6c2a1e6b1adc37f372232361c5c1f8d4

ISO/TS 17182:2014(E)

5.3 Standard solutions of phenols

5.3.1 Internal standard solution

5.3.1.1 General

Fluorophenols can be used as suitable internal standard.

5.3.1.2 Stock solution

Pr
su
ea

NO
ong

5.3
Pr

bpare the stock solution by weighing fluorophenols (5.1.10) and dissolving it in methane
table concentration is 1 mg/ml. Divide the stock solution into 5 ml bottles with tightcaps
'h, and store at -18 °C.

TE Stock solutions are stable for at least halfa year when stored in the dark at 4 SGxThey are st4
b year at -18 °C.

.1.3 Working solution

bpare this working solution by diluting the stock solution (5.3.1s:2))with distilled water.

cofpcentration is 100 pg/ml.

5.3

5.
Ty

5.3
Wy
did
int

NO
ong

b
g
e

.2 Individual standard phenol solutions

.2.1 General

pbical concentrations of standard solutions are given in Annex A.

.2.2 Stock solution

igh out each of the phenol standards.(5.1.9) into the same or into separate measuring
solve them in methanol (5.1.2). Aisuitable concentration is 0,5 mg/ml. Divide the stock ;
0 5 ml bottles with tight PTFE lined caps, 1,5 ml to each, and store at -18 °C.

TE Stock solutions are stable for at least halfa year when stored in the dark at 4 °C. They are st4
b year at -18 °C.

.2.3 Working solution

Dilute stock solution(s) (5.3.2.2) with distilled water to one working solution. A suitable con

is

6

50 pg/ml.

Apparatus and equipment

ble atleast

A suitable

lasks and
olution(s)

ble atleast

rentration

6.1

General requirements

Standard laboratory glassware appropriately cleaned and free of interfering compounds. Do not use any
kind of plastic containers, since the phenols can adsorb to these or plastic materials can contribute their
impurities to the sample material.

6.2 Gas chromatography system

6.2.1 Gas chromatograph, equipped with a non-discriminating injection system, capillary column,
and a mass spectrometric detector (GC-MS).

© IS0 2014 - All rights reserved
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6.2.2 Capillary columns, each comprising a 5 % phenyl-methyl silicone stationary phase coated onto
fused silica capillary column or an equivalent chemically bonded phase column. Their dimensions should
be sufficient to separate the critical pairs mentioned below. In general, column length should be at least
30 m. Internal diameter 0,25 mm and film thickness 0,2 pm.

Sufficient resolution (0,7) between the chromatographic peaks of critical pairs as m-cresol and p-cresol
shall be setas quality criteria for the capillary column. Otherwise, the sum of both isomers is to be reported.

6.3 Ultrasonic bath

6.4 Shaking device, with horizontal movement (200 strokes per min to 300 strokes per min).

7 Sampling
Take samples according to ISO 10381-1 and pre-treat the samples according to ISO 14507.
Samplesshallbetakenin glassvesselswith PTFE caps. Itisrecommended thatthe vesselbe filled completely.

Store the|samples in the dark in the laboratory according to ISO 18512. Phenols may be subject] to
microbial|conversion under certain conditions. It is recommended that samples are frozen if they are
stored forymore than 2 days.

As phenolf in soil are subject to biodegradation, some of the phenols\are volatile; the sample containgrs
should beffilled on site with methanol to preserve the phenols. Bottles containing reagent should be pye-
weighed in the laboratory before filled with sample material and se-weighed on receiptin the laboratqry.

8 Procedure

8.1 Test portion

Atleast 1() g with an accuracy of 0,01 g of field‘moist soil is taken directly from the vessel. The samplg¢ is
taken with a spoon or a spatula by mixing(the soil as well as possible.

8.2 Dry matter content

The dry matter content of the-soil shall be determined in a subsample of the same vessel according
to ISO 11465.

8.3 Blapk sample

Blank samiples shall)be treated exactly the same way as normal samples but the test portion (8.1} is
replaced by 10 g of sample matrix known to be free of phenols.

8.4 Standard C:\m?lp

Standard samples shall be treated exactly the same way as normal samples but the test portion (8.1)
is replaced by 50 ul of standard working solution (5.3.2.3) and 10 g of sample matrix known to be
free of phenols.

8.5 Extraction

Take a test portion of 10 g soil and place it in a conical flask. Add 50 pl of internal standard working
solution (5.3.1.3), 75 ml of methanol (5.1.2), and 0,5 ml of hydrochloric acid (5.1.4).

In case of high concentrations, more of the internal standard should be added.

6 © ISO 2014 - All rights reserved
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Sonicate the sample for 10 min and then shake for atleast 30 min with 200 strokes per min to 300 strokes
per min. Allow the sample to settle and transfer an aliquot of the methanol extract (e.g. 10 ml) to a
separating funnel with 50 ml of potassium carbonate aqueous solution (5.2.3).

Some types of soil are acidic, contain carbonates, or have a high buffer capacity. In these cases, the
amounts of acid and base added are not enough to reach sufficiently low pH. When phenols are to be
analysed in these types of soil, check the pH-values to be pH < 3 in the extraction step.

8.6 Acetylation

8.6.1 Acetylation of extract

Acgtylate the phenols and chlorophenols in 50 ml potassium carbonate solution (5.2.3) as follows: Add
2 1nl of sodium hydroxide aqueous solution (5.2.2) and 1 ml of acetic anhydride (5.1.7) to the extract
anfl shake the mixture vigorously for 2 min to release any carbon dioxide formed.iw'the funnel. Let the
mikture stand for 10 min while shaking occasionally, and then add 10 ml of cyclohexane (5.1.3). Shake
the¢ funnel and let the two phases separate. Transfer as large a portion as possible of the cyclohexane
phhse to a tube containing 2 g of NazS04 (5.1.8) for drying. After shaking; transfer the cyclohexane
solution to another vial with NazS04 and store at 4 °C. Analysis of the acetylated phenols shqll be done
as poon as possible (within 48 h) since the acetates are rather labile towards hydrolysis.

8.6.2 Acetylation of control samples

Take 50 pl of standard working solution and add it to a _separation funnel with 50 ml of potassium
carbonate solution (5.2.3) and shake the funnel. Add 2 m}of sodium hydroxide aqueous solutjon (5.2.2)
anfl 1 ml of acetic anhydride (5.1.7) to the separation funnel and shake the mixture vigorously for 2 min
to [release any carbon dioxide formed in the funnél."Let the mixture stand for 10 min while shaking
oc¢asionally, and then add 10 ml of cylohexane (5:1.3). Shake the funnel and let the two phaseg separate.
Transfer as large a portion as possible of the cjclohexane phase to a tube containing 2 g of Na2$04 (5.1.8)
for] drying. After shaking, transfer the cyclohexane solution to another vial with NaSO4 ard store at
4 °C. Analysis of control samples shall be done as soon as possible (within 48 h).

8.7 Gas chromatographic analysis

Set up the GC-MS system equipped with appropriate columns (6.2.2). Optimize the gas flowq to obtain
sufficient separation. Ensgure-a stable condition. An example of gas chromatographic condjtions and
terpperature programmeis given in Annex B. The mass spectrometer is tuned in accordancg with the
mdnufacturer’s instraetions. Chromatograms are recorded in full scan or selected ion m¢de (SIM).
Expmples for characteristic masses of analytes are given in Table 1 and Table 2.

Usg ISO 22892 for identification of the analytes.

8.8 Calibration

Usg Cextracted and acetylated standard samples (8.4) as calibration solutions. Calibration| solutions
should be prepared according to 8.4 by adding a constant definite volume of internal standard working
solution (5.3.1.3) adding different volumes of working solution (5.3.2.3). For each compound, a separate
calibration function shall be established, consisting of at least five measurement points. It is permissible
to examine several compounds in one calibration.

The calibration function obtained foraparticular compoundisvalid only for the established concentration
range and the respective sample preparation used. It depends on the operational conditions of the entire
analytical system.

Calibration shall be based on peak height or area and on the response of the internal standard.

© ISO 2014 - All rights reserved 7


https://standardsiso.com/api/?name=6c2a1e6b1adc37f372232361c5c1f8d4

ISO/TS 17182:2014(E)

Calculate the calibration function by regression using the ratio y;e/yse as a function of the ratio of pje/pse
according to Formula (1):

hzais. Pie + by 1)
yse se
where

Vie isthe (dependent variable) measured response of the compound i during calibration, depend-
ing on pie;

yse idthe (dependent variable) measured response (signal area or signal height) of the internal
standard s during calibrating, depending on pse;

pie idthe (independent variable) mass concentration of the compound i in the calibration ‘solutign,
ir micrograms per litre (pg/1);

pse i4the (independent variable) mass concentration of the internal standard s:in the calibration
s¢lution, in micrograms per litre (ng/1);

=

ajs idthe slope of the calibration curve of the ratio of the measured valiies yje/yse as a function d
the corresponding ratio of the mass concentration pje/ pse (corresponds to the substance-sp
cific response factor, often referred to as f;), dimensionless;

D
1

bis

—n

qthe axis intercept of the calibration curve on the ordinate, dimensionless.

9 (Calculation

9.1 Calculation of the content of substance iiifithe extract

Calculate fhe concentration c;; of the substance iin'the extract according to Formula (2):

(Vij/Ys;)—Dbis
Cij= e “Cy)j (2)
ajs
where
cij idthe concentration of selected phenol i in the extract, in micrograms per millilitre (ug
) = piw;
Vij idthe height orjarea of the selected phenol i;
Vsj i4the heightor area of internal standard;

Csj idthelamount of internal standard added to the extract, in micrograms per millilitre (ug ml};

bjs istheaxisimterceptofthecatibratiomrcurve o thre ordimate;, dimmensiomniess;

ajs is the slope of the calibration curve of the ratio of the measured values y;s/yse as a function of
the corresponding ratio of the mass concentration p;e/ pse (corresponds to the substance-spe-
cific response factor, often referred to as fi), dimensionless.

8 © ISO 2014 - All rights reserved
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9.2 Calculation of the content of selected phenol soil sample per dry matter (mg/kg dry
matter)

Calculate the content of a specific phenol the soil sample by using Formula (3):

W Piw Vg (3)
idm m
dm
where
IAZ- 1 IC fl“\ﬂ l‘f\“fﬂ“f I'\Ff'hﬂ (‘Y\DFIFII" IY\I‘]I‘Y‘I‘]II"II Y\]“\Dl‘\f\] “1” 1 fl"\ﬂ oth]o IY\ W\I]]IITY"IW\C Y\DY ilo ram
rdm—is-the-contentof the speciticindividual phenol ‘" in the sam pleinmill S sperkilog

mg/kg, of dry matter;
piw is the concentration of the analyte “i” in the extract, in micrograms per millilitre (j1g/ml);
mqgm is the mass of the test sample of dry matter used for extraction, in grams+(g);

VE is the total volume of the extract, i.e (volume of methanol added to.the soil sample #volume
of water present in the field moist sample obtained from the determination of dry matter
content according to ISO 11465) in millilitres (ml).

Report the content of the individual phenols with two significant figures.

1(Q Test report
A

(i

[east the following information shall be included in the'report:
a) | all information necessary for identification of the sample;

b) | areference to this International Standard,‘including the year of publication (i.e. ISO 1718p:2014);
c) | the concentration of each phenol in mg/kg dry matter according to Clause 9;
d)| the interval between the sampling-and the extraction;

e) | any disturbances observediduring determination, for instance other peaks;

f) | details of any operation net specified in this International Standard or regarded as optional, as well
as any factor which-might have affected the results.

© ISO 2014 - All rights reserved 9
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Annex A
(informative)

Typical concentrations of the standard solutions

Typical concentrations for an internal standard solution and standard solutions are given in Table A.1

and Table

A.L.

Table A.1 — Internal standard

.

nternal standard

Stock solution (5.3.1.2)

Working solution (5(3.1.3)

Fluorophenols

1 mg/ml

100 pg/ml

Table A.2 — Individual phenol standards

Pher

ols listed in Table 1

Stock solution (5.3.2.2)

WorKing solution (5.3.2.3)

Phenols

400 pg/ml

40 ug/ml

10

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=6c2a1e6b1adc37f372232361c5c1f8d4

ISO/TS 17182:2014(E)

Annex B
(informative)

Example of gas chromatographic conditions

B.i—Phenots

B.1.1 GC-MS conditions for acetylated phenols, Chromatogram B.1

Gap chromatograph: Agilent 68901

M4ss spectrometer: Agilent 59731

Aufosampler: Agilent 76831)

Injection: split/splitless

Injection volume: 1ul

Injection mode: splitless

Injection temperature: 250 °C

Capillary column: DB5ms?2), 30 m x 0,25unm ID, film thickness 0,25 um
Cafrier gas: Helium, 0,7 ml/main

Temperature program: 50 °C - 1 min

10 °C/min to 130 °C (5 min)
10 °C/min to 220 °C

10 °C/min to 280 °C (4 min)
Transfer-Line-Temperature: 290 °C

Mqde: SIM (Single Ion Monitoring)

1) Agilent 6890, Agilent 5973 and Agilent 7683 are examples of suitable products available commercially.
This information is given for the convenience of users of this International Standard and does not constitute an
endorsement by ISO of these products.

2) DB5ms is an example of a suitable product available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.
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2,3-dimethylphenol
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4-isopropylphenol
2,3,6-trimethylphenol
4-propylphenol
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re B.1:—'GC-MS chromatogram of acetylated alkylphenol standards in SIM-Mode

(c =30 pg/1 per individual phenol)
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B.2 Chlorophenols

B.2.1 GC-MS conditions for acetylated chlorophenols, Chromatogram B.2

Gas chromatograph:

Mass spectrometer:
Autosampler:

Injection:

12

Agilent 68901)
Agilent 59731
Agilent 76831)

split/splitless
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