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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.
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Introduction

This International Standard is applicable and validated for several types of matrices as indicated in
Table 1 (see also Annex A for the results of the validation).

Table 1 — Matrices for which this International Standard is applicable and validated

Matrix Materials used for validation
Sludge Municipal sludge
Bigwiacta Erach comnac £
Bigaast Erashcompost
Soil Sludge amended soil

© IS0 2014 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 1391

3:2014(E)

Soil quality — Determination of selected phthalates using
capillary gas chromatography with mass spectrometric
detection (GC/MS)

WARNING — Persons using this International Standard should be familiar with usual laboratory

practice. This

The
0,1 II;g/kg to 0,5 mg/kg (expressed as dry matter), depending on the individual substance.

practices and to ensure compliance with any national regulatory conditions:

bcope

International Standard specifies a method for the determination‘ef selected phthalat
ed biowaste, and soil, after extraction and gas chromatographiCanalysis with mass sp
Ction.

ethod is applicable for the determination of phthalates (see Table 2) at the lowest ma

International Standard does not purport to address all of the safety p

roblems, if
> safety and

ternational

es in sludge,
ectrometric

ks content of

The applicability of the method to other phthalates:hot specified in Table 2 is not excludef except the
isomeric mixtures, e.g. DINP (Di-isononylphthalate}; but shall be verified in each case.
Table 2 — Phthalates that can be determined according to this International Standard
No Name Formula Abbreviation Molar mass CAS-RNa
g/mol
1 [ |Dimethylphthalate C10H1004 DMP 194,2 0p131-11-3
2 | |Diethylphthalate C12H1404 DEP 222,2 00084-66-2
3 | |Dipropylphthalate C14H1804 DPP 250,3 0p131-16-8
4 | |Di-(2-methyl-prepy¥)phthalate C16H2204 DiBP 278,4 00084-69-5
5 | |Dibutylphthalate C16H2204 DBP 278,4 00084-74-2
6 | |ButylbenZylphthalate C19H2004 BBzP 312,4 00085-68-7
7 | |Dicyclohéxylphthalate C20H2604 DCHP 330,4 0p084-61-7
8 | |Di-(2-ethylhexyl)phthalate C24H3804 DEHP 390,6 0p117-81-7
9 |_[Dioctylphthalate C24H3304 DOP 390.6 00117-84-0
10 |Didecylphthalate C28H4604 DDcP 446,7 00084-77-5
11 |Diundecylphthalate C30H5004 DUP 4744 03648-20-2
a  Chemical Abstracts Service Registry Number.

2 Normative references

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

IS0 5667-13, Water quality — Sampling — Part 13: Guidance on sampling of sludges

© ISO
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ISO 5667-15, Water quality — Sampling — Part 15: Guidance on the preservation and handling of sludge

and sedimen

ISO 10381-2

t samples

, Soil quality — Sampling — Part 2: Guidance on sampling techniques

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 determination of organic contaminants

IS0 22892, Soil quality — Guidelines for the identification of target compounds by gas chromatography and
mass spectrometry

3 Princi

The dried s4
shaking dey
gas chroma
phthalates k

4 Interf¢

4.1 Gene

Due to their
and shall bd
to avoid con|

ple

mple, dried by freeze drying or with sodium sulfate, is extracted with ethyhacetate o
ice. An aliquot of the extract is cleaned with aluminium oxide (if necessary) followg
fographic separation using capillary columns and identification and_quantification d
y mass spectrometry.

prences

ral

use as plasticizer agents, phthalates are ubiquitous; The sources of phthalates are mu
checked and reduced by every laboratory, itself.Therefore, special attention shall be
faminations.

4.2 Interferences during sampling
In order to dvoid interferences and cross contaminations, do not use plastic materials (e.g. pipes, e
4.3 Crosqcontamination

Chemicals a
with laboraf

Ind analytical equipmerit ¢an be of various qualities. Cross contamination is likely to
ory air. Therefore, rembpve, as far as possible, plastic materials from the laboratory. Clez

agents often contain phthalateS’and can severely contaminate the laboratory air if in use regu

Therefore, 11

Using plasti

4.4 Inter

Phthalates d
are not likel

efrain from using’these agents during application of this procedure.

C gloves during pretreatment can increase the contamination.

ferences in gas chromatography

an-bleed from the septa of the injector into the gas chromatograph; therefore, use septd

n the
d by
f the

tiple
paid

tc.).

ccur
ning
[arly.

that

y to contaminate the system.

Fittings, e.g. of syringes, or equipment and septa of the sampling bottles (6.5) can also contain phthalates.

5 Reagents

5.1 Gener

All reagents

al

shall be of recognized analytical grade.

Use only reagents with negligibly low concentration of phthalates and verify by blank determinations
and, if necessary, apply additional cleaning steps.

© ISO 2014 - All rights reserved
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5.2 Nitrogen, Ny, of high purity, at least a volume fraction of 99,9 % for drying and, if necessary, for
concentration by evaporation.

5.3

5.4

5.5

5.6

Helium, He, of high purity, at least a volume fraction of 99,999 %.
Ethyl acetate, C4HgO7, phthalate-free, high purity.
Methanol, CH30H.

Isooctane, CoH1g (2.2 4-trimethylpentane).

5.7

5.8

Stord
treaf]

NOTH
sepal

5.9

For e

Quartz wool, heated to 400 °C for at least 4 h.

Aluminium oxide, Al;03, neutral, 50 pum to 200 pm particle size, heated te,400 °C for

heat-treated aluminium oxide in covered flask or desiccator. Use within five dayy
ment.

Alternative materials, like Florisil®1) or silica can be used, provided their properties an
ate are similar to aluminium oxide and their properties are checkéd according to 8.6.

Internal standards.

xample:

— ]

5.10

Tabld
solut]

5.11

euterated di-n-butylphthalate, “D4-ring-DBP”;

euterated D4-C1gH2204;

euterated di-(2-ethylhexyl) phthalate “D4-ring-DEHP”;
euterated D4-C4H3804; di-n-octylphthalate, “D4-ring-DOP”;
D4- C24H3804;

3C-labelled standards danalso be used, if available.

Reference substances.

b 2 gives a listef phthalates with defined mass concentrations for the preparation
ions for thégas chromatographic procedure.

Solutions of the single substances.

ht least 4 h.

after heat-

d capacity to

pf reference

Ina

0-ml volumetric flask (6 1 ?) transfer e g 10 mg of each of the reference substances (

.10) in ethyl

acetate (5.4) and bring to volume with ethyl acetate (5.4) (concentration: 1 g/1).

Store the solutions in glass bottles at -18 °C, protected from light, and check the concentration at least
every three months.

5.12

Stock solution.

In a 10-ml volumetric flask (6.13), dissolve between 100 pl and 500 pl of the single substance solutions
(5.11) and bring to volume with ethyl acetate (5.4) (concentration: 10 mg/1 to 50 mg/1).

1) Thisinformation is given for the convenience of users of this document and does not constitute an endorsement
by ISO TC 190/SC 3 of the product named. Equivalent products may be used if they can be shown to lead to the same
results.
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Store the solution in a glass bottle at -18 °C, protected from light, and check the concentration at least

every three

months.

5.13 Reference solutions for multipoint calibration (see Annex B).

Prepare solutions by adequate dilution of the stock solution (5.12) and internal standards (5.9) with
ethyl acetate (5.4).

Store the solutions in glass bottles at -18 °C, protected from light, and check the concentration at least

every three

weeks.

5.14 Soluti

5.14.1 Inte
Weighe.g. 0

about 5 ml of ethyl acetate (5.4) and bring to volume with ethyl acetate (5.4). Store thesolution in a

bottle at -1

5.14.2 Soly

Combine thd
Transfer wi
about 5 ml

octylphthal

acetate (5.4).

5.14.3 Soly

Take from t
with 250 m]|

The final
ethylhexylp

5.14.4 Soly

Dilute the s
volumetric f]
final concen
is 10 mg/1 iy

5.15 Sodiul

Im sulfate, Na»S04, heated to 400 °C for at least 4 h.

on of the internal standards (see Annex B).

rnal standard solution of D4-phthalates.

1 g of an internal standard phthalate (D4) (5.9) in a 10-ml volumetric flask(6.13) filled
°C.

tion I internal standard mix.

 solutions of the single internal standard phthalates (5.9)e)g. by dilution 1:100 as fol
th a syringe 0,1 ml (6.15) of each solution into a 10-ml*volumetric flask (6.13) filled
bf ethyl acetate (5.4). Bring to volume with ethyl acetate. The final concentration of
hte (D4), di-n-butylphthalate (D4), and di-(2-ethylhexylphthalate) is 100 mg/1 in

tion II internal standard mix.

his 1:100 dilution (5.14.2) e.g. 250 pl, transfer into a 250-ml volumetric flask (6.13),
of ethyl acetate (5.4).

concentration of di-n-octylphthalate di-n-butylphthalate (D4), and ¢

hthalate) is 0,1 mg/1 in ethyl acetate (5.4).

(D4),

tion III internal standard mix.

plution I internal‘standard (5.14.2.) 1:10. Pipette 1 ml of the solution (5.14.2.) in a ]
lask (6.13) filledwith about 5 ml of ethyl acetate (5.4). Bring to volume with ethyl acetatg
tration of di<h*octylphthalate (D4), di-n-butylphthalate (D4), and di-(2-ethylhexylphthd
| ethyl acetate.

with
class

ows:
with
di-n-
ethyl

Filled

li-(2-

0-ml
.The
late)

6 Appar

atus

6.1 General

Equipment or parts of it which are likely to come into contact with the sample or its extract shall be free
from phthalates. This can be achieved by thorough cleaning of all glass apparatus and checked by the
blank determination.

6.2 Wide-neck flat bottomed flasks with glass stoppers, preferably brown glass, volumes 500 ml
and 1 000 ml.

6.3 Drying oven, capable of maintaining at a temperature of (105 * 5) °C.

4 © ISO 2014 - All rights reserved
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6.4 Muffle furnace, adjustable, up to temperatures of (400 * 10) °C, with capacity of e.g. at least 60 1.

6.5 Sampling vial, glass, with inert stopper, e.g. septum, lined with polytetrafluoroethylene (PTFE) for
storage of the extracts, and sampling bottles, glass, with inert septum, 2 ml, for storage of the extracts for
auto sampler operation.

6.6 Vacuum device for clean-up, vacubox, extraction box.

6.7 Stainless steel cock, with stainless steel cone or polytetrafluoroethylene (PTFE) cock with Luer
connection for separate vacuum connection.

6.8 | Glass cartridges, with Luer cone.

6.9 | Polytetrafluoroethylene (PTFE) frits, for cartridges, 6 ml.

6.10( Aluminium foil, heated to 400 °C.

6.11| Stainless steel reservoir, for storage of smaller glass apparatus.

6.12| Measuring cylinders, volumes 50 ml and 100 ml

6.13| Volumetric flasks, volumes 10 ml, 25 ml, and 250 mal.

6.14| Pasteur pipettes, e.g. 2 ml

6.15( Syringes, 2 pul, 5 pl, 10 pl, 50 pl, 100 pl, and 500 pl, maximum permitted error +2 %.

6.16| Gas chromatograph, with capillary column, temperature controlled, with mass spectrometric
dete¢tion.

6.17| Operating gases, for gas~chromatography/mass spectrometer of high purity and in accordance
with[manufacturer’s specifications.

6.18| Fused silica columns, with non-polar stationary phase (see Annex C for examples).

Check the qualityyof the column e.g. by injecting the reference solution (5.13) and ensyire that the
separation is satisfactory.

6.19| Glasstubes, graduated 5 ml or 10 ml

6.20Nitrogen device, for drying the glass cartridges (0.9).
6.21 Beaker, volumes 50 ml and 100 ml.

6.22 Erlenmeyer flask, volume 250 ml.

6.23 Shaking device, horizontal shaking movement.

6.24 Freeze drying apparatus.

6.25 Metal spoon.

© IS0 2014 - All rights reserved 5
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mortar.

6.27 Metallic clamp, for stopper.

6.28 Balan

ce, e.g.range 0,001 g to 100 g.

6.29 Pipette, volumes 20 ml, 25 ml, and 50 ml.

7 Sampling and sample storage

Collect, preq

Use for sam
well.

In general,

pling pretreated sampling bottles (6.2) and make sure that the stoppers are pretreat

ampling should be carried out using stainless steel containers or glass.wessels. In ord

avoid contaminations, do not use any plastics material (tubes and other).

Dry the sanj
in the dark 4

Determine t

ple as soon as possible after sample collection. If storage is unayoidable, store the sar
it 4 °C. Dried samples are found to be stable for a longer period:!

he dry matter content in accordance with ISO 11465.

8 Procedure

8.1 Preparation of glass apparatus

Clean all glg
subsequent]

Heat the pr
Subsequent]
NOTE Gl

Close the co
(6.10). Storsg
steel contail

In order to 4
pipettes (6.1

Let residual

y dry in the oven (6.3) at 105 °C.

-rinsed glass apparatus in the mitffle furnace (6.4) for at least 4 h at 400 °C.

y let the apparatus cool to room temperature within 12 h.

assware for volumetric purposes can change its properties due to the heating process.

oled glass apparats,(bigger vessels) with the respective stoppers or with aluminiur
smaller glass apparatus in decontaminated (heated) and appropriately closed stai
pers (6.11).

void losses by adsorption on the walls, rinse the walls with isooctane (5.6) by using Pa
4). Diseard the solvent.

solvent evaporate under a fume hood.

erve, and handle samples in accordance with [SO 5667-13, I1SO 5667-15, and 1SO 10381}

ss apparatus, except the syringes, used-during analysis in the dishwasher with water

2.

bd as

er to

hples

and

n foil
nless

steur

Carry out this deactivation of the surface after heating and cooling or immediately prior to use.

8.2 Drying of the sample

8.2.1 General

Pretreat the samples according to ISO 14507, if not otherwise specified.

Depending on the water content and the matrix, dry the sample either with sodium sulfate (5.15) or by
freeze drying (see also Annex D).

Samples (i. e. soil, waste) with a dry matter > 80 % can be dried with sodium sulfate (see 8.2.3).

© ISO 2014 - All rights reserved
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Sludge with high water content shall be dried by freeze drying (see 8.2.2).

8.2.2 Freeze drying

Freeze a part of the homogenized sample or a representative part of the sample at -18 °C. Afterwards,
lyophilize at about 5 kPa until the constant mass is achieved.

Homogenize the freeze-dried sample with the aid of an agate mortar (6.26).

8.2.3 Drying with sodium sulfate (NazS04)

Depd
into

nding on the expected phthalate content of the sample, weigh between 1 g to 10 g of th
h beaker (6.21) and give as much sodium sulfate (5.15) into the wet sample until artrig

is achieved. Mortar the mixture in an agate mortar (6.26). When a free-flowing mixture'is g

hum

8.3

Tran
of th
samy
acetd
extra
blan]
with

Extr
mixi
pipet
up (s
a con

Ifac
see g

dity is bound. In parallel, determine the dry matter content of the sample (see-Clause |

Extraction

sfer between 1 gto 10 g, referred to the dry matter contentand the expected phthalate co
e mixture of the sample and sodium sulfate (prepared according to 8.2.3) or the

le (prepared according to 8.2.2) into a 250-ml Erlenmeyer flask (6.22) and give e.g.
te (5.4) with internal standard (5.9) to the sample. If a highjamount of phthalates is e

k is unknown, dilutions of the sample extract shall berxavoided. Close the Erlenmeyer
a stopper and fix the stopper with a metallic clamp (6€:27).

ict the sample for at least 30 min on the shaking device (6.23). Make sure that a go
g of the sample and the solvent is obtained-After the extraction, take approximately]
te (6.14) and transfer the extract into a GC\vial (6.5), or approximately 3 ml are requir
ee 8.4) is necessary. Place the heated aldminium foil (6.10) between vial and caps in of]
tamination by phthalates from the septa. The extract can be analysed by GC-MS direct

lean-up is necessary, e.g. due to(interferences of the target analyte in the GC-MS chro
.4,

Table 3 — Exaniplés of sample intake and ratio dry matter/solvent volumg

wet sample
kle mixture
btained, the

().

ncentration,
'reeze-dried
20 ml ethyl
kKpected, the

ction solvent can be doubled or multiplied (see Table 3).Since the concentration of phthalate in a

flask (6.22)

bd thorough
1 ml with a
pd if a clean-
der to avoid

ly.
matography,

Sample intake
8

Ratio dry

matter:solvent Remark

Matrix

Slud

be (sewage) 1to 10 <1:80 A high amount of DEHI

is expected

Sedi

ment / suspended solid 2to 10 <2:20 DEHP is expe

ted

Com

pbost 2to 10 <2:20 Low to high concentra

fion of DEHP

Soil

2to 10 <2:20 Low to high concentra

fion of DEHP

Take

care that the amount of solvent is sufficient for collecting the extract (at least 3 ml).

The described method of extraction (shaking) is recommended due to the small contamination potential.
Using Soxhlet extraction or accelerated solvent extraction (ASE), comparable amount of phthalates can
be achieved, but the contamination risk is higher. Moreover, the extraction relation (solvent and sample
intake) should be adjusted to the respective extraction method. For blank criteria, see 8.6.

8.4

Clean-up

A clean-up is only necessary if interferences in the GC-MS chromatogram, originating from matrices,
are expected; otherwise, it should be avoided due to the additional risk of contamination. After the
extraction, take approximately 3 ml of the extract with a pipette (6.14) and clean the extract with
aluminium oxide (5.8).
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tracts as follows.

Clean the aluminium oxide (5.8) with one cartridge volume of ethyl acetate (5.4).

Dry with nitrogen (5.2) for 1 min.

Let the extract run through the cartridge and collect it in a glass tube (6.19).

Place 1 g of activated aluminium oxide (5.8) in the cartridges (6.8) between two PTFE frits (6.9).

Fix the cleaned cartridge with stainless steel cock (6.7) and place it on the vacuum device (6.6).

Transfe
order td

8.5 Gasc
Optimize th
Use capillar

In order to d
various GC Y

dul b A o0 - | L i} A dnde 1.1 R | 1 - - Lol L. 1.0 1 de - | |
LIICT TALIALLU LU UL VIdIS LU.JJ. AlldUIT TITALCU dIUIIITIIITUIIn 1011 LU..LUJ UCLWCCII VIidl dallu U
avoid a contamination by phthalates from the septa.

hromatography

e GC apparatus (6.16) according to the instrument manufacturer’s manuak

y columns (see Annex C and 6.18) for separation.

lean the inlet system free from phthalates, inject ethyl acetate (5.4) at least five times
rials (see Clause 4) before measuring the sample extracts oralibration solutions.

8.6 Blank monitoring

Check the pj

For the blan
Weigh nearl
most ubiqui
the lowest r

With each s
than 30 %;
for blank co

roper conditions of instruments and reagents by blank measurements at regular intery

k measurements, treat sodium sulfate (5.15) inthé same way as the sample (see 8.2 and|

[y as much sodium sulfate as is needed to drythe samples. DEP, DiBP, DBP, and DEHP ar

tous phthalates. The blank limit of each ofthe phthalates should not be lower than 50
pporting limit.

hmple series, determine two blanks: The difference of the two blanks shall not be gr
btherwise, the determination shall be repeated. The result of the blank monitoring is
Frection, as described in Clause 10.

8.7 Identification of individual'compounds

Individual ¢
the sample
conditions.

Refer to ISO

ompounds are identified by comparison of the retention times of the respective pea
Thromatogramrwith the substance peaks of a reference solution measured under the

22892 for the identification of analytes.

ap in

from

rals.

8.3).
e the
% of

bater
used

ks in
bame
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Table 4 — Examples of typical mass fragments of the reference analytes

Specific monitored ions
Targetion Qualifier ion | Qualifier ion
Analyte Abbreviation

M1 M> M3

% % %
1 Dimethylphthalate DMP 163 (100) 194 (7,8) 135 (4,5)
2 Diethylphthalate DEP 149 (100) 177 (23) 222 (1,6)
3 Dipropylphthalate DPP 149 (100) 209 (5,9) 191 (6,9)
4 Di (2-methyl-propyl)phthalate DiBP 149 (100) 223 (74) 205 (1,9)
5 |[Dibutylphthalate DBP 149 (100) 223(5,6) 278 (1,0)
6 Butylbenzylphthalate BBzP 149 (100) 206 (22) 312 (1,0)
7 Dicyclohexylphthalate DCHP 149 (100) 167 (32) 249 (5,5)
8 Di (2-ethylhexyl)phthalate DEHP 149 (100) 167 (34) 279 (8,8)
9 ||Dioctylphthalate DOP 149 (100) 279 (6,6) 207 (4,4)
10 ||Didecylphthalate DDcP 149,(100) 307 (6,4) —
11 ||Diundecylphthalate DUP 149 (100) 321 (5,4) —
12 ||D4-ring- Dibutylphthalate D4-DBP 153 (100) 227 (5,7) —
13 [ D4-ring-Di(2-ethylhexyl)phthalate D4-DEHP 153 (100) 171 (31) 283 (14)
14 ||D4-ring-Dioctylphtalate D4-DOE 153 (100) 283 (17) —
NOTE 1 The ratio of the masses can vary, dependingon the tune used.
NOTHE 2 Depending on the concentration of the phthalates, the qualifier cannot always be seen (small amounft).
NOTHE 3 M;j is used for quantification; M and M3 can be used for identification.
9 (alibration
9.1 | General
Establish a calibration’ function and graph for each compound using single or, for practical reasons,
multfjcomponent ¢eference solutions and make sure to obtain a linear relation of measuring signal to
concentration~The linear working range should be determined by at least five points from fjve different
concentrations:
The ¢alibration function determined for a smgle component is only valid for the respectlve cqncentration
rang

For routine purposes, a two-point callbratlon is suff1c1ent (see 9.3).

A procedure is given for the setup of a calibration function, and the working range shall be adjusted to
the working conditions (preparation of the reference solution according to 5.13).

9.2 (Calibration with internal standard

Using the internal standard calibration, the determination is independent from possible errors made
during injection. Apart from this, errors caused by sample losses during distinct steps of sample
pretreatment can be avoided. Additionally, the concentration determination is independent from matrix
effects in the sample, provided the recoveries of the substances analysed and the internal standard are

abou
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The mass concentration of the internal standard, Pijs , shall be the same for calibration and sample
measurement.

Plot the rational value 7/ Std/y"’is (peak areas, peaks heights, or integration units) for each substance i

on the ordinate and the associated rational mass concentration pi'Std/pi'iS on the abscissa.

Establish the linear regression function using the pairs of value Vi stal Yis and Pista/ Pijs of the
measured series in Formula (1):

y‘ .
i, std — al pl,Std +bl (1)
Yiis pi,is
where
Vi std is the measured value, for example, expressed as area values, for the substance i inp the
’ calibration depending on p. .., the unit of which depends on the-type of evaluation
p 80N P;std p yp
performed;
Yiis is the measured value of the internal standard 7 in the calibration, depending on f; .4,
the unit depends on the evaluation, for example, area<alue, for the total procedurg;
, is the mass concentration of the substance i in thecalibration solution for the tota
pl,std . ity
procedure, in nanograms per millilitre (ng/ml);
Piis is the mass concentration of the internal standard, in nanograms per millilitre (ng/
ml);
a; is the slope of the calibration curyéfrom y; ..,/ y; s asafunction of the mass
concentration ratio p; .4/ Piishs
b, is the axis intercept of the.calibration curve on the ordinate.

9.3 Verification of calibration

Inject at least two calibration’ standards with concentrations of (20 + 10) % and (80 + 10) % df the
established [linear range/and calculate the straight line from these measurements. If the straight line
falls within the 95 % confidence limits of the initial calibration line, the initial calibration line is assumed
to be valid. If not, a new calibration line shall be established according to 9.2.

10 © ISO 2014 - All rights reserved
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10 Calculation

Calculate the mass concentration p . tm of the substance using Formula (2):

p.. = Pistab VR @
P Edg-F
Calculation of p; 1, using Formula (3):
[J’i,std —b, W (Yi,std,bl —b, )
PR U _701S ] —
TZ' Pijs— a. 'pi,is - pi,st,bl (3)
l 1
Building of the mean of the blank using Formula (4):
Yistdbll T Vi stdbl2
Nistdbl = = (4)
n
The gimplification of Formulae (2) and (3) is given in Formula (5):
( Yistd ~ Vistd,bl b ]
T
Yi,is
. PijsVF
= i 5
/:z,tm E'ds'FZ ( )
wherte
V: <td see Formula (1);
Yistdbll IS the measured value'efthe first blank, e.g. expressed as area values, for the sub-
stance I in the calibration depending on p, .4, the unit of which depends op the type
of evaluation performed (see 8.6);
Vi stablz 1S the measured value of the second blank, e.g. expressed as area values, fof the
T substance.jin the calibration depending on p; .4, the unit of which depends on the
type®fevaluation performed (see 8.6);
Yiis see-Formula (1);
n is the number of measurements for the blank determination, see 8.6;
i see Formula (1);
a; see Formula (1);
b, see Formula (1);
© ISO 2014 - All rights reserved 11
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Yi, std, bl

Pi, std, bl

pi,tm

4

:2014(E)

is the measured value, e.g. expressed as area values, for the substance i in the blank

sample in accordance with 8.6 depending on p; 4;

is the mass concentration of the substance i, corrected with the blank amount for the

total procedure, in nanograms per millilitre (ng/ml);

is the mass concentration of the substance i in the sample based on dry matter, in
micrograms per kilogram (pg/kg);

is the volume of the extraction solvent (mainly 20 ml), in millilitres (ml);

ds

E

F1

F
Use D4-ring
standard fo
to DUP.
11 Expre;

Express the
digits.

EXAMPLE

Dioctyl-phthalate

Didecyl-pht
Dimethyl-pH

12 Precisi

is the dry matter content of the sample, in percent (%);
is the mass of the sample, in grams (g);
is the conversion factor for percent (mainly 100) (%);

is the conversion factor for the units; Fp = 1:pg/kg; F2 =1 000:mg/Kkg.

-DBP as internal standard for the phthalates DMP to BBzP, use D4<ring-DEHP as int
" the phthalates DEHP, DCHP, and D4-ring-DOP as internal standard for the phthalates

s5sion of results

results of the determination in milligrams per;kilogram dry matter, with two signif]

0,65 mg/kg Dy
halate 1,5 mg/kg Dy
thalate 12 mg/kgDp
101

The perfornpance characteristics of the method data have been evaluated (see Annex A).

port

brnal
DOP

icant

the complete identification of the sample;

the expression of results, according to Clause 11;

which could have affected the results.

12

any details not specified in this International Standard or which are optional, as well as any factor
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Annex A

(informative)

Repeatability and reproducibility data

A.1 Materials used in the interlaboratory comparison study

The nterlaboratory comparison of selected phthalates by capillary gas chromatography with mass
specfrometric detection (GC-MS) in sludge, treated biowaste, and soil was carriedyout by up to nine
European laboratories on three materials.

Tablg¢ A.1 lists the types of materials tested.

Table A.1 — Materials tested in the interlaboratory comparison fer the determinption of

selected phthalates by capillary gas chromatography with mass spectrometric detection (GC-
MS) in sludge, treated biowaste, and’soil

Grain size Sample Material tested
Sludge Sludee 1 Mix of municipalwaste water treatment plant
(< 0,5 mm) & sludges from Nefth Rhine Westphalia, Germany
Fine grained Compost1 |Fresh compost from Vienna, Austria
(< 2,0 mm) Soil 3 Sludgetamended soil from Barcelona, Spain

© IS0 2014 - All rights reserved
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A.2 Interlaboratory comparison results

The statistical evaluation was conducted according to ISO 5725-2. The average values, the repeatability
standard deviation (s;), and the reproducibility standard deviation (sg) were obtained (Table A.2).

Table A.2 — Results of the interlaboratory comparison studies for the determination of selected
phthalates by capillary gas chromatography with mass spectrometric detection (GC-MS) in
sludge, treated biowaste, and soil

Matrix I # o x Sp VAN S Err BD
mg/kg | mg/kg % mg/kg %
DBP
Sludge 1 7 16 2 0,085 0,038 44 0,009 10,7 1o
Compost 1 6 16 1 0,046 0,034 73 0,004 8,5 Y
Soil 3 5 11 1 0,016 0,015 95 0,003 20,8 14
DEHP
Sludge 1 9 36 0 23,1 9,32 40 2,16 9,3
Compost 1 7 22 0 0,56 0,23 42 0,08 14,4
Soil 3 8 28 1 0,53 0,21 39 0,05 9,4
l number of laboratories
n nu:]ber of analytical results
No number of rejected laboratories
X tota] mean of analytical results (without outliers)
SR reprjoducibility standard deviation

Cvr coefficient of variation of reproducibility

Sy repdatability standard deviation
Cyr coefficient of variation of repeatability
BD number of measurements below detection limit

NOTE The ¢xperience of laboratofies with some of the phthalates was limited and therefore led to results only for PEHP
and DBP.

14 © ISO 2014 - All rights reserved
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Table A.3 — Repeatability and reproducibility results obtained from an interlaboratory
comparison study carried out in Germany on DEHP

Matrix l n X Cvr Cvr
mg/kg % %

Sediment 7 27 4,44 6,2 13,7
Sewage sludge 8 30 39,23 6,2 34,5
?@ﬁiﬁi:k‘;ﬁﬂ 7 26 43,70 5,8 14,3
Compost 7 26 1,938 20,6 25,1
1 number of laboratories
n number of analytical results
X total mean of analytical results (without outliers)
Cyr coefficient of variation of repeatability
Cvr coefficient of variation of reproducibility

a  This laboratory had produced very low values which lay well below of the results of the other laboratoifies, but which
were[not recognized by the programme as outliers.

© IS0 2014 - All rights reserved 15
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Annex B
(informative)

Example of a reference solution for multipoint calibration

Prepare solutions by adequate dilution of the stock solution (5.12) and the solution IIl internal standard
(5.14.4) in a 10-ml volumetric flask and fill up with ethyl acetate (5.4).

Afive-point
on the expe
examples.

calibration is sufficient (see 9.1). The appropriate concentration levels for calibration depend
Cted phthalate concentration in the sample. The levels mentioned in Table B.1 ean)serje as

Table B.1 — Recommended concentration levels for calibration

Level Amount of stock solutiona | A™OUnt Ofsst(;l::;:;r&tl)u internal
pl i

L1 2,5 100
L2 5 100
L3 10 100
L4 20 100
L5 40 100
L6 50 100
L7 100 100
L8 150 100
L9 300 100
L 10 450 100

a  Seeb5.12.

b See5.14.4.

Table B.2 — Resulting concentrations fromL 1 to L 10

All concentrations in picograms per microlitre (gg/ul)

Phthalate L1 L2 L3 L4 L5 L6 L7 L8 L9 Lo
DMP 2,5 5,0 10 20 40 50 100 150 300 4p0
DEP 25 5.6 16 26 46 56 166 156 366 450
DPP 2,5 5,0 10 20 40 50 100 150 300 450
DIBP 2,5 5,0 10 20 40 50 100 150 300 450
DBP 2,5 5,0 10 20 40 50 100 150 300 450
BBzP 5,0 10,0 20 40 80 100 200 300 600 900
DCHP 2,5 5,0 10 20 40 50 100 150 300 450
DEHP 2,5 5,0 10 20 40 50 100 150 300 450
DOP 5,0 10,0 20 40 80 100 200 300 600 900
DDcP 12,5 25,0 50 100 200 250 500 750 1500 2250
DUP 12,5 25,0 50 100 200 250 500 750 1500 2250

16 © ISO 2014 - All rights reserved
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