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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.

The procedures used to develop this document and those intended for its further maintgnance are
degcribed 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 ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atfention is drawn to the possibility that some of the elements of this documéntmay 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 Introductfon and/or
on|the ISO list of patent declarations received (see www.iso.org/patents).

Anly trade name used in this document is information given for thé convenience of users anfl does not
conpstitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific ferms and
expressions related to conformity assessment, as well as information about I1SO’s adherefhce to the
Wqrld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see thg following
UR[L: www.iso.org/iso/foreword.html.

Thjs document was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee SC 6,
Indoor air.

Aljst of all parts in the ISO 16000 series,can be found on the ISO website.
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Introduction

The different parts of ISO 16000 describe general requirements relating to the measurement of indoor
air pollutants and the important conditions to be observed before or during the sampling of individual
pollutants or groups of pollutants, as well as the measurement procedures themselves (see Foreword).

The definition of indoor environment is given by ISO 16000-1. Dwellings [living rooms, bedrooms, do-
it-yourself (DIY) rooms, sports rooms and cellars, kitchens and bathrooms], workrooms or workplaces
in buildings which are not subject to health and safety inspections with respect to air pollutants (e.g.

offices, sa

esrooms), public buildings (e.g. restaurants, theatres, cinemas and other meeting rooms) 2

nd

passenger] cabins of motor vehicles and public transport are among the most important types of ind

environm

Phthalate
indoor air

(DiDP), d

and benzjyjl-n-butyl-phthalate (BBP). An overview of the most important phthalates, their acronyms 3
several re

in indoor

spectrometry specified in this document.

bnt.

5, the diesters of the ortho-phthalic acid (1,2-benzene dicarbon acid), are emitted into

isononylphthalate (DiNP), di(2-ethylhexyl)-phthalate (DEHP), di-n-butyl-phthalate (DE

environments by means of the analytical methods incorporating.\gas chromatography/m

pOT

the

primarily from articles of daily use made of soft polyvinyl chloride (PVC). Typically, phthalaftes
are used gs plasticizers in soft PVC. The five most frequently used phthalates are diis¢decylphthal

hte
P),
nd

levant substance properties can be found in Table A.1. These phthalates can be determiged

HSS

Vi
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Indoor air —

Part 33:
Determination of phthalates with gas chromatography/
mass spectrometry (GC/MS)

1
Th

Scope

s document specifies the sampling and analysis of phthalates in indoor airhand des

samnpling and analysis of phthalates in house dust and in solvent wipe samples-afisurfaces by

gas
Tw

chromatography/mass spectrometry.

o alternative sampling and processing methods, whose comparability has been proven 1

robpin test, are specified for indoor air(4l. Sampling can take place usifigsorbent tubes with s

thd
tuh

De

rmal desorption and GC-MS analysis. Alternatively, sampling €an take on other types
es that are subsequently analysed by solvent extraction with GG-MS.

pbending on the sampling method, the compounds dimethyl phthalate to diisoundecyj

caip be analysed in house dust as described in Annex CI[8\ The investigation of house dust

on
acCd

NO
dic

Ge

2
Th

y appropriate as a screening method. This investigation only results in indicative values
eptable for a final assessment of a potential need far action.

Dimethyl phthalate to diisoundecylphthalate can‘be analysed in solvent wipe samples as d¢
AnE

ex B. Solvent wipe samples are suitable forfion-quantitative source identification.

TE In principle, the method is also suitable for the analysis of other phthalates, adipates and c
hrboxylic acid esters, but this is confirmed by determination of the performance characteristics in

heral information on phthalates are given in Annex A.

Normative references

b following documeénts are referred to in the text in such a way that some or all of thg

comstitutes requirements of this document. For dated references, only the edition cited aj

un

I1Sd
cha
MS

Hated references) the latest edition of the referenced document (including any amendment

16000-6:2011, Indoor air — Part 6: Determination of volatile organic compounds in indo
mber air'by active sampling on Tenax TA sorbent, thermal desorption and gas chromatogr
or MS*FID

Cribes the
' means of

n a round
ibsequent
bf sorbent

Iphthalate
samples is
and is not

scribed in

yclohexane
each case.

ir content
pplies. For
5) applies.

r and test
iphy using

3
No

Terms and definitions

terms and definitions are listed in this document.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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4 Sampling methods and analytical apparatus

4.1 General

Sampling of indoor air takes place either by adsorption on a thermal desorption tube filled with quartz
wool and Tenax® TAD or on adsorbents such as Florisil®2) with subsequent solvent extraction[4][3]. The
quantity of solvent used for solvent extraction procedures should be minimized in order to minimize
blank values. All apparatus and reagents used should be clean, i.e. without detectable quantities of the
compounds of interest.

The expelllences from the round robin test have indicated that significant blank value differences ¢an
also be infroduced by the solvent. Each new bottle of solvent shall therefore be tested for phthalpte
contamingtion before usel4].

NOTE The experiences from the round robin test have indicated that rinsing with clean solvent {no detectgble
phthalates] is sufficient to remove contamination from the apparatus and that a sterilizatiofi By heating with
subsequenf deactivation of the heated glass apparatus is not mandatory.

The ubiquitous distribution of phthalates shall be considered during sampling of indoor air in orfler
to avoid dontamination of the sample. The measures to be considered for blank value minimization,
as well as|the advantages and disadvantages of the individual methods, are described in detail in the
respectivg clauses. Further hints to quality assurance and problems related to blank values that shall
be considgred are listed in Clause 10.

4.2 Sampling by adsorption with subsequent thermal desorption

Use the apjparatus, reagents and materials described in ISOQ46000-6 (including the informative annex
on semi-volatile compounds) with the following additionalspecific requirements:

4.2.1 Apparatus, operating materials and chemicals

4.2.1.1 Thermal desorption tube, stainless;steel, inert-coated steel or glass tube filled with a 1 [cm
loosely packed plug of non-friable quartz wqol backed up by at least 200 mg of adsorbent, e.g. Tenak®
TA1) 20/3p (see ISO 16000-6:2011, Annex.D).

4.2.1.2 $ampling system, according to Figure 1.

4.2.1.3 Pump, suitable for@volume flow in the range 50 ml/min to 200 ml/min under the sampling
conditiong; recommended.s@mpling volume of approximately 20 | to approximately 70 1.

4.2.1.4 as volume/meter, the maximal measurement inaccuracy shall not exceed 5 %.

4.2.1.5 Laboratory sampling facilities, hygrometer, thermometer, barometer.

4.2.1.6 Internal standards, required as quality control measure of the whole analytical process
including sampling; suitable examples include: the ring-deuterated compounds D4-DMP, D4-DEP, D4-
DBP, D4-BBP, D4-DEHP, D4-DOP as well as the non-deuterated diallyl phthalate (DAIP), see Clause 5 and
Table 3. Standards shall be prepared in phthalate-free methanol, as described in ISO 16000-6, at a level
such that a maximum 1 pl injection introduces approximately the same mass of analyte onto the sampling
end of the tubes as is expected to be collected during sampling.

1) Tenax® TA is the trade name of a product supplied by Buchem. This information is given for the convenience
of the users of this document and does not constitute an endorsement by ISO of the product named. Equivalent
products may be used if they can be shown to lead to the same results.

2) Florisil® is the trade name of product supplied by U.S. Silica. This information is given for the convenience of the
users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products
may be used if they can be shown to lead to the same results.

2 © IS0 2017 - All rights reserved
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4.2.1.7 Thermal desorption unit, coupled to GC-MS for the two-stage thermal desorption of the
sorbent tubes and transfer of desorbed vapours via an inert gas flow into a gas chromatographic (GC)
system, fitted with a mass spectrometric (MS) detector.

NOTE Deactivated (silanised) glass wool or quartz wool can also be used as adsorbent after an appropriate
method validation.

4.2.2 Preparation of the thermal desorption tube

The use of a tube packed w1th quartz wool and Tenax® TA1l presupposes knowledge of ISO 16000-6.
res—areavatable—e epajed in the

fed at the

blug of non-friable quartz wool, usually supported by a stainless steel mesh, is|inser
pling end of the tube. The required mass of sorbent is poured into the tube behind the qyartz wool

g. The far end of the sorbent bed is typically supported by a second plug of quartZ wool or & stainless

el mesh.

hinimum of 200 mg sorbent shall be used per tube in order to guarantee'the sorption capafity.

NO[TE Determination of the breakthrough volume is described i7ISO 16017-1:2000, Anrlex B. The
brdakthrough volumes are proportional to the dimensions and masses of.the sorbents. The rule of the thumb is
that the guaranteed sample volume doubles itself when the sorbent/bed’length is doubled (while reftaining the
tube diameter).

Aff
for
(1d
ac

nditioned
[ gas flow
he dark in

er filling of the thermal desorption tubes (e.g. with, Tenax® TA1), the tubes are c
approximately 8 h at 280 °C followed by approximately 30 min at 300 °C in an iner
0 ml/min). The purified sorption tubes are closed.a@nd stored at room temperature and in t
bntainer that prevents sample contamination.

hlyse a representative number of conditiohed tubes for blank value, using routine
rameters, to ensure that thermal desorption blank is sufficiently small (see ISO 16000-6:2

analytical
11, 7.1).

Sampling should take place as soom;as possible after conditioning. If sampling is not possible

within approximately 14 days afteT conditioning, then the tube shall be reconditioned for
approximately 300 °C before sampling. In order to avoid contamination, the thermal desorp|
shquld be touched only with cetton gloves. In addition, labelling shall be omitted.

The thermal desorption device should ensure that any contamination from external tube 5
ex¢luded from the analytical sample flow path. If the selected analytical system does not do

15 min at
tion tubes

urfaces is
Lhis, tubes

shall only be handled\using clean cotton gloves, in the field and laboratory, to minimize contgmination.

Tubes should bejindelibly and individually labelled but without attaching adhesive labels wlich might

g ] 3 a ma 2 aild solution
in methanol (e. g 20 ng/ul for a sampllng volume of 50 1; the absolute mass of the add1t1onally spiked
standard depends on the sampling volume and the operating range of the method). The standard
solution is usually applied on the sampling end of the sorbent tube.

The sampling equipment is assembled according to Figure 1 and shall be free of leaks. The
pump is connected to the non-sampling end of the sorbent tube by means of polyethylene or
polytetrafluoroethylene (PTFE) connectors and is switched on. If the breakthrough volume of the
analysed phthalates is unknown, then two sorption tubes shall be connected in series. The tubes shall
be connected with a phthalate-free coupling.

The volume flow, as well as the temperature, the absolute air pressure and the relative air humidity,
shall be recorded. The suitable sampling volume flows are within the range of 50 ml/min to 200 ml/min.
This corresponds to a recommended sampling volume of approximately 20 1 to 70 1 for a sampling

© IS0 2017 - All rights reserved 3
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duration of approximately 2 h to 24 h. After sampling, the sorption tube is removed from the sampling
equipment; both ends of the sorption tube shall be closed.

A duplicat

e sampling of the indoor air is recommended.

Sampled tubes shall be transported to the laboratory and analysed as soon as possible.

4.3 Sampling by adsorption and subsequent solvent extraction

4.3.1 Apparatus, operating materials and chemicals

4.3.1.1

4.3.1.2
sampling,

4.3.1.3
4.3.1.4
4.3.1.5
4.3.1.6
4.3.1.7
4.3.1.8

4.3.1.9
10 mm to

4.3.1.10

ampling system, according to Figure 1.

ump, suitable for a volume flow of approximately 2 1/min under the conditions of
ecommended sampling volume of approximately 1 m3 to 3 m3 in 8 h to 24 h.

as volume meter, the maximal measurement inaccuracy shall not exceed5 %.
uffle furnace.

lat, heat resistant evaporating dish, for heating Florisil®2)

lorisil®2), 60 to 100 mesh.

lass wool, silanized.

lass flask, with screw-cap and polytetraflueroethylene (PTFE) sealing, 50 ml.

the

dsorption tubes, glass tube, approximately 200 mm long, internal diameter approximately

2 mm.

aboratory sampling facilities, hygrometer, thermometer, barometer.

4.3.1.11 $olvent, e.g. tertiary putyl methyl ether (TBME) or toluene, free of blank values (solvent shall

be tested

4.3.1.12 1]
DBP, D4-B
Table 3.

or the absence of phthalate blank values).

nternal standards, suitable are, e.g. the ring-deuterated compounds D4-DMP, D4-DEDP, 1
BP, D4-DEHP,-D4-DOP as well as the non-deuterated diallyl phthalate (DAIP); see Clause 5 3

D4-
nd

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=81907284a61e3c93bb95595077e7f1d2

ISO 16000-33:2017(E)

4.3.1.13 GC-MS, gas chromatographic (GC) system, fitted with a mass spectrometric (MS) detector.

1
—

————6
o5
L J

B

3
Key
1 | sampling tube
2 | membrane vacuum pump
3 | timer switch (optional)
4 | anti-abrasion filter
5 | volume measuring device or mass flow controller
6 | protective housing

Figure 1 — Schematic diagram of the sampling equipment

2 1 2

Figure 2 — Filling of the glass tube

Key
1 | Florisil®2)
2 | _glass wool

4.3.2 Preparation of Florisil®2) and the adsorption tubes

Florisil®2) is spread out in a thin layer (approximately 3 cm to 4 cm) on an evaporation dish and
heated at 800 °C for 6 h. After cooling down in the desiccator it is deactivated with bi-distilled water
(3 % proportion by mass). To this end, 5 g Florisil®2) and 150 pl water are given to a 50 ml glass flask
with a screw-cap and polytetrafluoroethylene (PTFE) sealing. After closing the flask, Florisil®2)
shall be mixed for approximately 45 min until a uniformly flowing powder has formed again. The
deactivated Florisil®2) is then filled into an adsorption tube (see Figure 2). The filling height should be

© IS0 2017 - All rights reserved 5
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approximately 10 cm to 13 cm. The ends of the Florisil®2) filling are closed with silanised glass wool.
The filled tubes are stored in the desiccator over silica gel until air sampling.

NOTE

The geometry of the tube is based on the DFG3) methodI[15].

4.3.3 Hints to the application of Florisil®2)

Each charge of Florisil®2) newly heated and deactivated according to 4.3.2 shall be examined for blank
values. Charges where high phthalate blank values are still measured after such treatment shall be
heated and deactivated anew.

As long ag

up to six nponths. After expiration of this period, unused tubes shall be emptied and the Florisil®2) sk

be treated

Other ads
agents. A
shall be p1

4.3.4 S4

A defined
absolute 1
the solutid
Annex E (1

the prepared tubes are stored in the desiccator, they are suitable for storage and use wit

again according to 4.3.2.

prbents such as Chromosorb 106 or comparable carrier materials can be utilized.as adsorpt
Isorbent preparation and sampling shall then be modified accordingly, anhd-the suitabi
oven by a determination of the performance characteristics.

mpling

volume (e.g. 10 pl) of the internal standard solution (e.g. 100cmg/1, this corresponds to
hass of the internal standard of 1 pg) shall be added prior‘to sampling. The preparation
ns of the internal standards is described in Annex D (forthermal desorption method) and
or solvent extraction method using Florisil®2)).

The inter

usually placed on the adsorbent on the side oriented towatrds the flow. The amount to be added for
anticipated operating ranges from 0,05 pg/m3 to 10 pg/m3 is listed in Table 1. The compounds listeqd
Clause 5 afre suitable as internal standards.

Table 1

10 pg/m3'in an air sample

— Operating range for determination of phthalates with contents from 0,05 pug/m3 to

nin
all

on
ity

an
of
in

al standard is added (typically) by means of a migrolitre syringe. The standard solution is

the
in

Concentration of the Corresponds to a
reduced-sampling concentration in the air
solution

mg/1 pug/m3

0,05 0,05
0,1 0,1
0,5 0,5
1,0 1,0
2,5 2,5
5,0 5,0

16,6 16,6

The data concerning the calculated concentrations in the air
are tentative. The actual detection and quantification limits of
the method shall be determined by the test laboratory based
on the calibration under consideration of the blank value.

NOTE The data given in Table 1 are valid for an air volume
of 1 m3 and a sample processing as described in 4.3.5.

The sampling equipment is assembled according to Figure 1 and a leak test is performed. The volume
flow, as well as the temperature, the absolute air pressure and the relative air humidity, shall be
recorded. Sampling takes place by means of a pump, and the sampling volume amounts to 1 m3 to

3) DFG stands for Deutsche Forschungsgemeinschaft, i.e. the German Research Foundation.

6
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3 m3. For a volume flow of 2 I/min to 3 1/min, the sampling duration shall be approximately 8 h to 24 h

depending on the sampling strategy.

The loaded tubes shall be transported to the laboratory promptly, and processing of the tubes shall

take place as soon as possible after sampling.

4.3.5 Sample conditioning

The Florisil®2) and the glass wool from the adsorption tube are transferred completely to a 50 ml
glass flask with screw and mixed with 25 ml solvent. The flask is closed by a screw-cap with a

5 ml of the supernatant are then extracted by a dropper and reduced to 0;2:ml. Reduction {
lealds to considerable substance loss, especially of the volatile phthalates.~x100 pl of this cor

comcentrated extract amounts to 1 mg/l.

5 | Calibration

5.1 General

Phthalates present in indoor environments tendito undergo gas-particle-partitioning which
characterized by the vapour pressure of theitdividual compound. Phthalates exhibiting hi
prégssures are most likely found in the gas phase whereas phthalates with low pressursg
coidense and are predominantly found in the particle phase. Therefore, some phthalates

DilNP, DiDP, and DiUP are not normally present at detectable concentrations in indoor
compounds will be found in solvént 'wipe samples and house dust samples. Methods for
phthalates in solvent wipe tests and house dust are described in Annex B and Annex C, re

placed for

ar solvent
d that the
Solution.

o dryness
centrated
e 6). With
ard in the

is mainly
ch vapour
s tend to
like DPhP,
pir. Those
screening
bpectively.

Talple 2 gives an overview for-arange of phthalates and their occurrence in air samples or in flouse dust

as pvell as wipe samples.

Table 2 — Ascertainable phthalates in the various media

Compound Air House Wipe
sample dust sample
DMP X X X
DEP X X X
DPP X X X
DiBP X X X
DBP X X X
BBP X X X
DCHP X X X
DEHP X X X
DOP X X X
DPhP X X
DiNP X X
DiDP X X
DiUP X X

© IS0 2017 - All rights reserved
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A calibration shall be performed in order to specify the concentration and working range to be
determined, respectively. A multiple calibration (at least a 5-point calibration) is required for the
establishment of the basic calibration. It shall be repeated regularly, at the latest after substantial
changes of the measurement system. A multiple calibration (at least a 3-point calibration) shall be
performed for the validation of the calibration function.

The ring-deuterated compounds listed in 4.2.2 as well as the non-deuterated diallyl phthalate (DAIP)
are suitable as internal standards (based on [SO 18856).

5.2 Calibration of the thermal desorption method

A minim

tube and preparing standard tubes at 4 or more different levels covering the work range. Methano

used as s

5.3 Cali

A minimu
and prep4

points can be added if an extended calibration range is required. Either toluene or TBME is used

solvent. A

6 Iden

6.1 Mas

During phithalate breakup through electron ionization, the anhydride fragment with a mass to cha

ratio (m/z|

Specific p1
phthalate
phthalate
a result tH
lower detg
lower resy

5-point thermal desorption GC-MS calibration shall be performed by desorbing a. blg

vent. A detailed example for a calibration procedure is given in Annex D.

bration of the solvent extraction method

ring standard tubes at 4 or more different levels covering the work range. More calibrat

detailed example for a calibration procedure is given in Annex ES

Lification and quantification

s spectrometric analysis

of 149 forms the base peak. The masses ustally used in SIM mode are listed in Table 3.

oblems arise during quantification of the/isomer mixtures, e.g. isononyl, isodecyl and unde
. Since isomeric phthalates fragmentstronger than their n-compounds, the determinatioq

using the ion m/z = 149 and the response factor of the corresponding n-compound leady
at lies lower than the actual value. Thus, e.g. DEHP and DiBP show an approximately 20
ction sensitivity towards their n-compounds upon quantification by means of m/z = 149. 1
1ts for components with longer chains can amount to 50 %.

Table 3 — Mass traces (SIM masses)

nk
| is

n 5-point solvent extraction GC-MS calibration shall be performed by desorbing a blank tybe

on
as

ge

cyl
| of
to
%
'he

Compounfd Acronym | Quantification mass Qualification masses
Dimethyl phthalate DMP 163 194
Diethyl phfhalate DEP 149 177
Di-n-propyl phthalate DPP 149 191,209
Diisobutyl| phthalate DiBP 149 167,223
Di-n-butyl'pittiratate BBP 149 265,223
Benzyl-n-butyl phthalate BBP 149 91,206
Dicyclohexyl phthalate DCHP 149 167,249
Di(2-ethyl hexyl) phthalate DEHP 149 167,279
Di(n-octyl) phthalate DOP 149 167,279
Diphenyl phthalate DPhP 225 77,226
Diisononylphthalate DiNP 293 149,167
Diisodecylphthalate DiDP 307 149
Diisoundecyl phthalate DiUP 321 149

a  D4-DMP, D4-DEP, D4-DBP, D4-BBP, D4-DEHP, D4-DOP.
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Table 3 (continued)

Compound Acronym | Quantification mass Qualification masses
Internal standards

Ring-deuterated phthalatesa

D4-Dimethyl phthalate D4-DMP 167 198
D4-Diethyl phthalate D4-DEP 153 181
D4-Di-n-butyl phthalate D4-DBP 153 209,227
D4-Benzyl-n-butyl phthalate D4-BBP 153 95,210
D4-Di(2-ethyl hexyl) phthalate | D4-DEHP 153 171,283
Dg4f-Di(n-octyl) phthalate D4-DOP 153 171,283
Digllylphthalat DAIP 149 104;189
a | D4-DMP, D4-DEP, D4-DBP, D4-BBP, D4-DEHP, D4-DOP.

When DAIP is used as internal standard, it is necessary to confirm that the rétention times of DAIP and
4-NP are not identical.

In paddition, numerous peaks in the chromatogram are obtained in thé-¢ase of the isomeric n¢nyl, decyl
angl undecyl phthalates (especially in house dust samples or selvent wipe samples)[16][17][18] (see
Figure 3). Thus, for the same concentration, the height and the apea-éf the individual peaks within a peak
pattern of this type are smaller than for the phthalates consistifig of only one isomer, e.g. DEHP. Smaller
comcentrations of the isomeric nonyl and decyl phthalates’can present difficulties with cpnforming
idegntities compared with the same concentrations of phthalates consisting of a single isonfer. Hence,
th¢ achievable quantification limits for isomer mixtures.are higher than for the common phthalates.

If several different isomer mixtures are present in asingle sample (e.g. nonyl and decyl phthalptes), then
anlexact quantification of the single isomer mixtiite is no longer possible[16]l. Two different approaches
canp be attempted to identify the mixtures and'to quantify them by approximation:

© IS0 2017 - All rights reserved 9
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Source: personal communication R. Nagorka.

Figure 3 — Superimposed GC-MS chromatograms of a DiNP standard and a DiDP standard
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The identification and quantification takes place using the specific masses m/z=293; 307; 321 according
to Table 3. This is, however, related to a sensitivity loss. Furthermore, the specific masses of the isomer

mixtures cannot be clearly allocated (Figure 3).

The identification and determination of the integration times takes place using the specific masses
m/z =293; 307; 321 according to Table 3.

Quantification takes place using the mass m/z = 149. The integration limits are determined within
the overlapping range of both peaks (see Figure 3). This inaccurate determination of the integration
window can lead to substantial uncertainties.

Th
sta
im
in

sta

b selected quantification method shall be recorded in the test report. The suppliers.af
ndards are far from covering the band width of the commercially used semivolatile phthal
bortantly, these analytical standards can have a substantially different composition’ds e}

-

Figure 4. It shows the substantial mass trace m/z = 149 of two different commercially avai
iktures. Both DiNP mixtures show different peak patterns with a different-retention ra

ndards with the same CAS number can reveal different compositions.

analytical
htes. More
remplified
able DiNP
nge. Also,
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Figure 4 — GC-MS chromatograms (m/z = 149) of two different DiNP standards

Figure 5 shows a typical chromatogram of an air sample with a laboratory blank value and calibration
exemplified by a Florisil®2) processing.
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a) Chromatogram of a laboratory blank value from a Florisil®2) tube spiked with the I§ and con-
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b) Chromatogram of a calibration standard of 1 mg/1 DMP: 11,20 min, DEP: 14,04 min, |[S (DAIP):

1§,02 min, DiBP: 19,22 min, DBP: 20,85 min, BBP: 26,93 min, DEHP: 29,63 min, DOP: 31,99 min
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c) Chromatogram of a processed air sample. IS (DAIP): 17,04 min, DiBP: 19,22 min, DBP: 20,85
min, BBP: 26,95 min, DEHP: 29,66 min

Figure 5 — Typical chromatograms of an air sample
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7 Establishment of calibration curves and calculation of the analyte mass

7.1 Establishment of calibration curves

A calibration curve is established by using calibration solutions. Examples of appropriate calibration
procedures are described in Annex D for the thermal desorption method and in Annex E for the solvent
extraction method. To establish the calibration function, the ratio of the peak area of the fragment ion
trace of the analyte to the peak area of the fragment ion trace of the internal standard is calculated. The
calibration function is given by Formula (1):

vpay =pm+a 1)
where
Vpa is the peak area ratio (ratio of the peak area of the analyte to the peak area“of the interpal
standard);
a is the intercept;

b is the slope in pg-1;
m is the analyte mass in pg.

A linear regression analysis using the known analyte masses,.m$ and the corresponding peak afea
ratios, vpl, is performed. In addition to the intercept, a, and*the slope, b, mentioned above, the

regression analysis also gives the parameters s,, sy, r, and ¥yx

where

s, is|the standard deviation of the intercept;

sp is|the standard deviation of the slope

r  is|the linear correlation coefficient;

Syx is|the standard deviation of the regression (standard deviation of the estimate);

n de¢notes the number of méasurement points.

7.2 Calgulation of theyanalyte mass

The ratio pf the peak'drea of the analyte to the peak area of the internal standard is established (v ).

The analyfe mass;n1, in pg is calculated using the peak area ratio and the regression coefficients (slgpe
and intercept). ASsuming m=mg, i.e. the analyte mass refers to the mass of analyte in the measurempnt

solution, the-pearrangement of Formula (2) gives:

v —da
My :% (2)

Mgl is the analyte mass in the measurement solution in pg.

Assuming m=my,,., i.e. the analyte mass refers to the mass of analyte in the thermal desorption tube,

the rearrangement of Formula (1) gives Formula (3):
VPA —a
Miybe = Ty (3)

Myybe 1S the analyte mass in the thermal desorption tube in pg.
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If the value for intercept is not significantly different from zero, mg, and m,;,. can also be calculated

by using Formula (4):

1%
Mgq = % (4)

or Formula (5):

Vpa
Miybe = T (5)

A t-test with zero hypothesis Hy: a=a (with a=0) is used to prove if the intercept; d, deviates

sighificantly from zero. The test parameter, t, is calculated here according to the lalgorjthm[19] in
Fofmula 6

i ©)

s
a
ThE calculated ¢ -value is then compared with the tabulated t-value:\tiap = tos o, n-2 (see Tablel4).

If the calculated ¢ -value exceeds the tabulated t-value, the zer6 hypothesis (intercept is equfl to zero)
shll be rejected; that is, the intercept shall be considered by the concentration calculated based on the

peak area ratio, vp, [see Formulae (2) and (3)].

Table 4 — Values of the t-distribution

Number of the P(90) P(95) P(99)
degrees of
freedom f
1 6,31 12,71 63,66
2 2,92 4,30 9,92
3 2,35 3,18 5,84
4 2,13 2,78 4,60
5 2,01 2,57 4,03
6 1,94 2,45 3,71
7 1,89 2,36 3,50
8 1,86 2,31 3,36
9 1,83 2,26 3,25
10 1,81 2,23 3,17
o0 1,64 1,96 2,58
P(x): Probability in %

8 Calculation of indoor air concentrations

The indoor air concentrations are determined from measurement solutions according to Formula (7):

CA — sol (7)
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Ca

Mol

Va

is the analyte concentration in the indoor air in pg/m3;
is the analyte mass in the measurement solution in pg;

is the sampling volume in m3.

The indoor air concentrations are determined from thermal desorption tubes according to Formula (8):

Ca

_ Miype

(8)

where

Ca
Miube

Va

1
VA

is the analyte concentration in the indoor air in ug/ms3;
is the analyte mass in the thermal desorption tube in pg;

is the sampling volume in m3 under sampling conditions.

9 Performance characteristics

9.1 Det

The analy
of the bas
correspon
the poten
detection

9.2 Qus

The analyj
shall dete

LOD and I

ection limit

tical detection limit (LOD) is usually defined as a signal-to-noise ratio of 3:1, where the ng
eline of the native mass trace used for quantification is measured in a signal-free wind
ding to the 10-fold signal width at half signal height before the anticipated signal. Due
ial significance of matrix interferences, samples, not standards, shall be used to determ
limits.

Intification limit and problems-related to the blank values

tical quantification limit (LOQ) is calculated as a signal-to-noise ratio of 9:1 here. The u
'mine the quantification limit based on validation measurements.

0Q are generally dependent on:

— sampled air volume,

— gener

— detec
select

hl level of air/éontamination in the laboratory,

ion limitofthe apparatus under the given analytical conditions (including detector sensitiv|
ivity and split ratio)

— final Y

ise

to
ine

Ser

ity,

rolime of the analysis solution (specific to the determination of detection limits for solv

ent

extraction methods),

— injection volume (specific to the determination of detection limits for solvent extraction methods),

— system blank levels including sorbent and solvent background.

During the phthalate analysis, the quantification limit is dominated by the occurrence and the
fluctuations of the field blank value (see Table 5). It is therefore inappropriate to determine the
quantification limits based on calibration and declare them as quantification limits of the method. For
blank values exceeding the ninefold of the noise, the quantification limit of the method is defined as the
double of the field blank value of the sample series (see 10.1). Measured values below the respective
quantification limit are indicated as “< LOQ”. As a matter of principle, the numeric value of the
quantification limit shall be recorded.

16
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The field blank values shall be calculated on the analogy to Clause 7 and Clause 8 and shall be referred to
the respective sampling volume. The results of the field blank values shall be documented individually
for all analytes. They are not used as correction of the results but only for a better interpretation of the
measured values.

Table 5 — Example for average laboratory blank value and background value (ambient air)
during indoor air sampling by means of Tenax® TA1 tubes

Average Background
8 Background value
Compound | laboratory > .-
blank value varue Trerative
to701
ng absolute | ngabsolute pg/m3
DMP <0,5 <0,5 <0,007
DEP <0,5 <0,5 <0,007
DPP <0,5 <0,5 <0,007
DiBP <0,5 0,8 0,011
DBP <0,5 <0,5 <0007
BBP <0,2 <0,2 <0;003
DCHP <0,1 <0,1 <0,001
DEHP 2,0 4,4 0,063
Internal standards: D4-DBP, D4-BBP, D4:DEHP

9.3 Reproducibility standard deviation and r¥épeatability standard deviation

A round robin test was performed for validation-of the two analytical methods for indoor air{described
in this document[4]. The samples for the round-robin test consisted of:

a) | a solution containing four phthalates fer spiking the Tenax®1) thermal desorption tubesjand/or
b) | a Florisil®2) adsorption tube spiked with four phthalates.

The thermal desorption tube was analysed according to 4.2 and the Florisil®2) adsorptior] tube was
analysed according to 4.3. The results are compiled in Table 6. The results prove the con]parability
of the two methods. Although one of the methods was always applied by the laboratories fqr the first
tinje, the comparison of the reference values demonstrates the practicability of both methols and the
cofrectness of the results within an acceptable variance.

Table 6 — Résults of the analysis of the round robin test with the respective referende value,
average value, relative standard deviation and median

Compound DiBP DBP BBP DEHP
Thermal desorption

Reference value

mg/1 175 175 150 200

Average value

mg/1 186 191 131 175

Relative repro-

ducibility stand-

ard deviation Sg

% 23 26 42 31
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Table 6 (continued)

Compound

DiBP

DBP

BBP

DEHP

Average relative
repeatability
standard
deviation S,

%

2,9

2,6

7,5

6,0

Median

mall

176

178

145

182

A round r
Wiirttemh

The 28 p4
are showl

analysed Iy 26 participants. These results are shown in Table C.2.

o/

Number of
laboratories

7

7

Solvent extraction

Reference value

mg/l

175

175

150

200

Average value

mg/1

181

184

129

163

Relative re-
producibility
standard
deviation Si

%

60

62

35

31

Average relative
repeatability
standard
deviation S,

%

54

4,5

5,2

4,1

Median
mg/1

176

178

121

183

Number of
laboratories

TlableZ>— Results from a round robin test for phthalate analysis in a solution[Z2]

D

bbin test for phthalate analysis was performed in 2005 by the State Health Office of Badgn-
erg, Germany, wheré a)phthalate solution of unknown concentration was forwarded.

rticipants analysed the samples according to the respective internal methods; the resylts
in Table 7. In‘addition, a mixed dust sample of different house dusts sieved to <63 um was

18

Refer-| Average Median Relative
ence value standard
value deviation
mg/1 mg/1 mg/1 %
DMP 10 10,53 10,33 15,39
DEP 110 110,04 108,62 12,66
DPP 80 82,19 82,22 9,15
DBP 70 72,70 72,80 12,43
DCHP | 60 62,53 59,47 22,16
NOTE  n (number of laboratories) = 28.
a  Results refer to experiments with n-compounds.
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Table 7 (continued)
Refer-| Average Median Relative
ence value standard
value deviation
mg/1 mg/1 mg/l %
BBP 40 45,92 39,88 65,13
DEHP | 50 50,75 49,97 20,83
DNPa | 90 88,08 88,33 11,50
NOTE  n(number oflabora'tories) =28. '
a  Results refer to experiments with n-compounds.

10 Quality assurance

10.1 Method verification and determination of blanks

Dug to the ubiquitous distribution especially of the plasticizers DiBP, DBP and DEHP and|
measured values are frequently in the range of the quantification limit, the blank valy
sigmificant role for phthalates analysis. It is therefore recomménded to measure the results
blgnk values continuously and to make a record by, e.g. a control chart in order to identify b
chagnges. Problems to determine blank values are discussed in Annex H.

10{1.1 Field blank value of the indoor air

The entire method shall be verified regularly andwith each sample series by the determinat
blank values. A field blank sample of the indopf’air is a sample that is obtained in an identic
as [the actual sample, however, without sueking air through the sampling equipment. The
agénts shall not be exposed to the ambient-air for a longer time than the exchange of the sam
requires. In this way, the field blank.value enables, among other things, also statements with
comtaminations during transport, to the sampling set-up and to the entire course of the ana
blgnk values are not subtractedyfrom the sample result.

10}1.2 Analytical laboratory blank value

In
an
ext
sa

hlytical method byymeans of a blank value sample that covers the entire analytical method
raction, cleaning and quantification. This procedure is also recommended following the ar
ple with values that exceed the previous concentration levels by a factor of 10.

10.2 Measures for blank value minimization

2017(E)

since the
es play a
f the field
ank value

on of field

al manner
dsorbent
pling head

regard to
ysis. Field

pddition, a laboratony blank value of all analytes shall be determined after larger chanjges of the

including
alysis ofa

The “fellowing measures have been proven successful for minimization of the blank v

hlues that

significantly influence the quantification limit:
— sealing (e.g. aluminium foil) the operating materials after heating to minimize dust intru
blank value verification of chemicals and operating materials, especially solvents,

fitting and airtight sealing of the sampling media in the laboratory,

sion,

transportation and storage of the samples and sampling media in phthalate-free containers

(aluminium foil, glass bottles with grinded glass plugs, screw-cap flasks without synthetic seals),

© IS0 2017 - All rights reserved
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— use of phthalate-free equipment and materials, e.g. cotton gloves, polytetrafluoroethylene (PTFE)
droppers (e.g. Burky Multipette), storage of the injection needles in solvents free of blank values,
septum-free injection (e.g. Merlin Microseal).

10.3 Documents

The questionnaire in ISO 16000-1 should be used for indoor air studies. An example of a sampling
protocol is shown in Annex I as additional sampling documentation.

11 Interferences

During s3
materials
to a signif
described

mpling, transport and analysis of phthalates, it shall be borne in mind that namergus
and operating materials are equipped with the investigated analytes and can- thus l¢ad
icant contribution to the blank values. The measures for minimization of blank-values are
in Clause 10.

The varying composition of the commercially available reference materials of, the“isomer mixtufes

constitutd
mixtures

s a specific problem. The uncertainties during identification and guantification of isormer
hire described in 6.1.

20
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Annex A
(informative)

General information on phthalates

:2017(E)

At

Propertiesanmd occurrernce

Phthalates are various, predominantly aliphatic diesters of the ortho-phthalic acidy (1,
digarboxlic acid; see Figure A.1). A recent overview of production, application, substance

angl legal regulations can be found in Reference [9]. Approximately one million téhs’of phth
produced annually in Western Europe. More than 90 % are used as plasticizers.ofisoft PVC. In
mdrket share of phthalate-free plasticizers in Western Europe was 7 %. Soft PV€ consists on
30(% to 35 % of plasticizers. Products of or with soft PVC are found in almost all households;
arflificial leather, wallpaper, shower curtains, electric cables, baby artieles, children’s toys,
m4terials, shoes, sports and leisure articles as well as interior paneling of motor vehicle
comtain phthalates. Numerous medical products such as blood bags.and hoses also consist of

The five most frequently used phthalates are DiDP, DiNP, DEHP, DBP and BBP. An overv
mdst important phthalates, their acronyms and several relévant substance properties can b
Talple A.1. These phthalates can be determined in indoor aiy, Solvent wipe test or in house dust
of the analytical methods specified by this document.

DEHP has been the most frequently used phthalatefor a long time. Consumption in Western E
approximately 460 000 t in 1999; corresponding‘to nearly 42 % of the total plasticizer con
Thjs share dropped to 22 % in 2004 at an almost steady overall plasticizer consumptior
utilized to approximately 97 % as plasticizer in PVC. Impacts on fertility, reproduction and
deyelopment have been proven for DEHP; and for BBP and DBP as well in experimental ¢
anjmals with the result that these tliree phthalates have been classified according to EU
67/548/EEC as reproduction toxic (reproduction endangering) and hence as hazardous subst

P and DiDP are isomer mixtures, potentially also containing common isomers. DiNP is

esters of the o-phthali¢ acid with Cg-C1p- alcohols (Co-rich). Owing to different g
cedures, two DiNP mixtures differing in their isomer content are commercially available.
DiDP, the isomer mixture contains esters of the o-phthalic acid with Cg-Cq1-alcohols (C1g
ict content of the mixtures is known neither for DiNP nor for DiDP. DiNP and DiDP are b
st utilized phthalates in Europe. Their common share of the plasticizer consumption am
% in 2004, This corresponds to 580 000 t.

Bo
red

Lh phthalates are predominantly utilized in PVC applications and have partially substitute
ent years.

P-benzene
broperties
alates are
2004, the
hverage of
floorings,
wrapping
can thus
soft PVC.

ew of the
e found in
by means

irope was
sumption.
. DEHP is
offspring
tudies on
Directive
ances.

a mixture
roduction
n the case
rich). The
y now the
ounted to

d DEHP in

In R004, the BBP consumption in Europe was almost 19 500 t. Almost 60 % are used as pla

ticizers of

PVC. About 40 % are utilized in other polymers, e.g. in sealants on polysulfide, polyamide and acryl
base, as well as in adhesives, dyes and varnishes.

Almost 26 000 t DBP were produced in Europe in 1998. Approximately 30 % of DBP goes into the
production of dyes, dispersions, varnishes and adhesives. In addition, DBP as well as DEP is contained
in some medicine capsules. Cosmetics continue to contain both DMP and DEP.

The phthalates DBP, DiBP, DEHP are contained in garbage and recycling products, especially in waste
paper in the ppm range. The pollution of waste paper and the contamination risk related shall be
considered during sampling and analysis.

Table A.2 provides examples for phthalate contents in indoor air samples from an exposure survey with

no reference to a particular occasionll1]. Processing took place by thermal desorption according to 4.2.
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Table A.1 — The most important phthalates and selected physical properties

.cdnisotopg

s.com; other compounds: GESTIS’database[10].

Compound Acronym CAS-No. Chemical formula Boiling pointa
°C
Dimethyl phthalate DMP 131-11-3 C10H1004 281 to 284
Diethyl phthalate DEP 84-66-2 C12H1404 298 to 302
Di-n-propyl phthalate DPP 131-16-8 C14H1804 317,5
Diisobutyl phthalate DiBP 84-69-5 C16H2204 296,5
Di-n-butyl phthalate DBP 84-74-2 C16H2204 340
Benzyl-n-jutyl phthalate BBP 85-68-7 C19H2004 370
Dicycloheyyl phthalate DCHP 84-61-7 C20H2404 436
Di(2-ethyljhexyl) phthalate DEHP 117-81-7 C24H3804 385
Di(n-octyl) phthalate DOP 117-84-0 C24H3804 385
Diphenyl ghthalate DPhP 84-62-8 C20H1404 405
Diisonony|phthalate DiNP 28553-12-0 C26H4204 270 to 280 (at 27 hHa)
(isomer mjxture) 68515-48-0
Diisodecylphthalate DiDP 26761-40-0 C28H4604 255 (at 7 hPa)
(isomer mjxture) 68515-49-1
Diisoundefyl phthalate DiUP 85507-79-5 G3gH5004
(isomer mjxture)
Internal standards
Diallyl phtfhalate DAIP 131-17-9 C14H1404 320
D4-Dimetlyl phthalate D4-DMP 93951-89-4, C10HgD404 284
D4-Diethy| phthalate D4-DEP 93952-12-6 C12H10D404 298 bis 299
D4-Di-n-bytyl phthalate D4-DBP 93952-11-5 C16H18D404 340
D4-Benzylin-butyl phthalate D4-BBP 93951-88-3 C19H16D404 370
D4-Di(2-ethyl hexyl) phthalate | D4-DEHP 93951-87-2 C24H34D404 384
D4-Di(n-oqtyl) phthalate D4-DOP 93952-13-7 C24H34D404 384
a  Source| DCHP: www.chemicalbook.ceniy labelled standards: C/D/N ISOTOPES Inc. Quebec, Canada, http://www

0~ Ry

O\R2

Key

Ry aliphatic substituents

Ry aromatic substituents
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Figure A.1 — Basic structure of phthalates
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Table A.2 — Phthalate contents in indoor air samples in pg/m3 (n = 34); limit of quantification

LOQ always 0,01 pg/m3, LOQ for DEHP 0,06 pg/m3

Compound Sample Average value Median Min. Max. 95 %
number percentile
>L0Q
DMP 34 0,34 0,17 0,03 1,80 1,50
DER 34 0,36 032 011 090 0,77
DiBP 34 0,66 0,66 0,13 2,00 1,33
DHP 34 0,76 0,59 0,09 2,30 1,85
BHP 11 0,01 0,005 0,01 0,04 0,04
DHHP 34 2,64 2,15 0,26 11,0 9,65
Phthalates and other plasticizers are distributed only physically within the-polymer matril, and are

no
apj
sel
in
bu
the
to
to
an
nu

chemically bound. Hence, phthalates can slowly but steadily diffuse*out of the produ
blication and can volatilize in ambient air. With the exception of-the volatile DMP, phth
hivolatile organic compounds (SVOC). Hence, they possess a specifie’potential to adsorb o1
the air. Phthalates can therefore be found in interior spaces not*only in indoor air[5][6][Z
also in house dustl6][Z][8][9][13], Moreover, during the production, processing, and packil

Cts during
alates are
1 particles
(11][12][13]

ng of food,

fat-soluble phthalates can get directly into the food chain,The exposure of the European population
pight phthalates is described in detail in Reference [14}:The main exposure of the general population
phthalates takes place via foodstuffs and inhalation:_For DEP and DBP, the exposure of|teenagers
I adults to phthalates is dominated by dermal reception via body care products and cosm¢tics. With

"slings and infants reception of DEHP and DiNP takes place predominantly orally because p

from toys and baby articles can be solved by the-saliva. Furthermore, oral reception of house

a I

ot negligible role. Phthalates arrive directly into the blood stream during application

products like hoses, probes and blood bags:

In

hddition to a direct spreading (e.g. of*pesticides), the outdoor release of phthalates takes

from materials by evaporation, washout and wear. Phthalates can be transported over long

by

air; hence, these substances are globally distributed. In the waters, phthalates adsorb d

mdtter. DEHP and other phthalates are persistent under anaerobic conditions and are

int

ensely accumulated in sediments.

.3 Regulatory background

asticizers
dust plays
f medical

place also
distances
n floating
therefore

e phthalates’DEHP, BBP and DBP in toys and baby articles are by now forbidden throy
ropean Union'(Directive 2005/84/EU dated 14.12.2005). Furthermore, the application of
1 DOP isprohibited in toys and baby articles that can be taken in the mouth. In prepar

polypropylene (PP) are generally free of plasticizers.
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Annex B
(informative)

Screening phthalates in solvent wipe tests

B.1 Megsurenrentstrategy

The reasoh for investigations by solvent wipe samples can be, e.g.:

— screefing examinations towards localization and identification of sources (see FiguresB.1),
— detection of possible surface contaminations,

— fogging problems (“black dust®).

The phthallate concentrations in the solvent wipe samples from surfaces of inertphthalate-free materials
frequently range from approximately 1 ug/m2 to 1000 pg/m2. With fogging samples, concentratipns
higher by|an order of magnitude can occur (especially for DEHP paptially > 10 mg/m2). Due to this
extensive [concentration range, the following processing instructioh‘and the practical example fare
purely indicative (see Table B.1).

Y1 DiNP

110 P00
100 P00
90 p0o0
80 poo
70 p0o0
60 P00
50 P00
40 poo
30poo
20 poo

10 P00 1
0 L 4 1 L Lae Ad bl laaas L L L aaadl Y o L L 1 1 |
26 30 34

14 18 22 38 42 46 50 X

DBP

DiBP

DOP

"
———

B
S

Key

X  retention time
Y strength of the signal

Figure B.1 — Ion trace chromatogram (m/z = 149) of a wipe sample of a phthalate containing
wall coating (screening analysis without IS)

B.2 Selection of a surface for sampling

The selection of the sampled surface shall be accurately justified and documented. Solvent wipe samples
should preferably be performed on non-absorptive surfaces (glass, metal, ceramics, plastics, etc.) The
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sampled surface is dependent on the measurement task and the anticipated concentration. It should be
approximately 10 cm x 10 cm.

It is recommended to test the surface selected for the examination for solvent resistance prior to
sampling.

B.3 Sampling and conditioning of the wipe sample of solvents

B.3.1 Sampling

Sampling shall take place using phthalate-free substrates. Aluminium oxide wool sterilized by heating
or pre-extracted wiping cloths have been proven suitable. The substrate is moistenedcwith|a suitable
solvent (TBME, toluene, ethanol) depending on the solvent resistance of the surface: The selected
surface is wiped with the moistened material three times forming slightly overlapping courfses by the
us¢ of cleaned tweezers or metal pliers (see Figure B.2). The process is repeated-onthe same|surface, if
ne¢essary, with a second solvent. Likewise, unloaded substrates that have been)moistened inp the same
waly are taken as blank value samples. The samples are securely packed (e.g5in aluminium fgil or glass
boftles) in order to avoid contamination.

Figure B.2 — Sampling of solvent wipe samples
Taple B.1 — Phthalate contents in pg/m2 in solvent wipe samples form a windowpane (450 cm2)

during a measurement with no reference to a particular occasion

Compound Sample 1 | Sample 2 | Sample 3

DMP <L0Q <L0Q <L0Q

DEP <L0Q <L0Q <L0Q

DBP <LOQ <LOQ <LOQ

BBP <LOQ <LOQ <L0Q

DEHP 12 58 7,7

DOP <L0Q <L0Q <L0Q

Limit of quantification (LOQ) = 1 pg/m?2
B.3.2  Extraction and analysis (Practical example)
If the_substrates have been packed after sampling in glass bottles, it is recommended to pdrform the

extraction directly in these bottles and not to transfer the substrates to any other vessels. Alternatively,
the samples are transferred to the laboratory to glass flasks or glass bottles (volume 50 ml) and mixed
with 20 ml solvent and with 10 pl of the internal standard solution with concentration of 100 mg/1. The
flasks or bottles are closed, effectually shaken and treated in a ultrasonic bath for 30 min. 10 ml of the
supernatant is reduced to 0,5 ml under vacuum control. Attention should be paid in this process not
to reduce to dryness. The concentration of the internal standard in the concentrated extract amounts
here to 1,0 mg/1. The concentrated extracts are analysed.

The practical example described here is suitable for a concentration range from 5 pug/m?2 to 1000 pg/m?2
for a sampled surface of 10 cm x 10 cm. If even higher concentrations are found or anticipated in the
wipe samples, then the amount of the internal standard and the solvent as well as the supernatant
thickening shall be adjusted.
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If very high phthalate concentrations are expected in the wipe samples, as it can be the case with (for
example) the “fogging” problems, then the substrates can initially also be extracted with (e.g., 20 ml)
solvent without addition of an internal standard. Subsequently, a small sample of the supernatant
(maximally 100 pl) is then taken for the analysis and the approximate concentration is calculated.
The required quantity of the internal standard and the solvent, as well as the concentration factor, can
then be determined based on this information. However, after addition of the internal standard, the
sample shall again be effectually shaken and treated for 30 min in the ultrasonic bath. This procedure
is particularly advisable in case of anticipated very high concentrations in wipe samples; the volume
error occurring thereby is negligible.

B.4 Computation of the result

Provided the intercept is not significantly different from zero, then Formula (B.1) is valid:

m=2HA (§.1)
b
where
m is the analyte mass in the sample extract in pg;
Vpa is the calculated peak area ratio;
b is the slope of the calibration function in ug-1.

The final|result, the concentration cs of the investigatedZcompound on the sampled surface, are

calculated by Formula (B.2):

I

CA:—

(
I (.2)

where

ca  |is the concentration of the investigated compound on the sampled surface in pg/m?2;
m is the analyte mass in the'sample extract in pg;

A is the sampled surface’in m2.
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mdtter”. The dust may be solids of the most varied inorganic or,.organic materials which
ural or synthetic origin. The term includes not only fractionsWhich originate indoors themselves,
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Definmitiomanmd characterizatiomof housedust

5t originates from a number of natural and anthropogenic sources and therefore, varies co
hemical and biological composition. In addition, the physical properties of dust are of imp
ich the size of the individual particles is by far the most important. Particles up+to an aer
meter of about 30 pm are mainly encountered as suspended particulate mattenin air, wher
'ticles are generally sedimented in the form of dust precipitation.

the context of this document, the term “house dust” is intended to mean‘all types of parti
encountered indoors in deposited form in order to delimit this term from “suspended {

also those which are introduced from the outside.

b finer constituents consist, inter alia, of skin flakes and hairs of animals and humans, th

sa

an@l microorganisms, fungal spores and pollen are also present. Coarser constituents cor

Lextiles and fittings (for example, fibres from clothing and carpets), inorganic materia
d, loam and clay, food crumbs and soot particles’;and dusts from combustion processe

hsiderably
prtance, of
odynamic
eas larger

Cles which
articulate
can be of

b abrasion
IIs such as
s (smoke)
sist, inter

alig, of plant parts such as leaves and needles, hdirs, stones and sand. House dust thus includes equally

particles having diameters in the sub-millimetre range and in the range of several millimet
roynd, polygonal or fibrous shape.

‘es having

In pddition to the size distribution ofthe particles, the content of the organic and inorganic material
in house dust also varies. The house*dust from kindergartens frequently consists almost qompletely
of Inorganic materials such as sand, loam and clay from sand pits. House dust from the regidences of
anjmal owners having at the same time heavy abrasion of carpets can consist virtually solely|of organic
mdterial. Thus, the content-of érganic matter (measured using the loss on ignition) in house

between <5 % and >95 %[29]. With regard to the analyses of phthalates in house dust, specia
shall be paid to the fact-that plastic particles within the dust sample can lead to increased

co
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acd
du
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tents (false-positive results).

‘ticularly, the’“dge” of the house dust, that is the time for which the dust has laid on th
bcts the contents level of substances, since the substances originating from the most varig
umulate.with time in the dust. In this document, a distinction is made between old dust
5t. Old~dust is dust of unknown age as may frequently be found on surfaces of fittings (i
.)cEresh dust is defined here as dust whose age is determined by the measurement plann
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Also, employing differing sampling methods influences the results of the study of house dust and its
constituents. With respect to a later study of constituents in the collected house dust, it should be
taken into account, for example, that during sampling of a surface by vacuuming, losses can occur for
substances which have a sufficiently high vapour pressure due to vaporization from the matrix during
sampling.

C.2 Measurement strategy

The reason for the investigation of house dust samples can be, e.g.:

screening examinations for the pre-assessment of the contamination,
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orienting measurements for qualitative determination of the phthalate spectrum.

Dust sampling serves in particular the determination of semivolatile compounds, which are
preferentially accumulated in dust. It serves as a screening method for the definition of the phthalate
spectrum and can indicate the existence of sources. During the investigation of old dust, it shall be
taken into account that the pollution might be caused by sources that are no longer existing.

During sampling of house dust, the ubiquitous distribution of phthalates shall be considered in order to
avoid contamination of the sample. The hints in Clause 10 shall thereby be particularly observed. For
these reasons, the following preparation specification and the practical example are purely indicative
(see Table C1) Tahle C1 pravides examples for typical phthalate concentrations in nnsieved dust
samplesl1l. The primary sources of DEHP, DBP and BBP can be identified by means of solvent’wijpe
samples. The measured dust concentrations prove that source identification by means of dust@nalysis
is extremgly difficult.

At least o hrd

compound

e internal standard compound is required for air samples; at least two internal stand
s are required for house dust samples and solvent wipe samples.

C.3 Apparatus, operating materials and chemicals for sampling and analyses
C3.1 Fi
of binder,
(accuracy

ter, glass fibre filter, diameter 50 mm to 80 mm (adapted to‘the sampling system), ffee
conditioned as follows: heating to 500 °C for 2 h, cooling i the transport vessel, weighling
+ 0,1 mg), storing in the transport vessel.

C.3.2 Tr de

of glass w

ansport container for filters, suitable vessel, free of\phthalates, for example, petri dish m4
th suitable diameter.

C.3.3 Gijound glass tubes, for dust sample intake forfurther extraction.

C.34 So lue

analysis.

lvent, e.g. tertiary butyl methyl ether {TBME) or toluene, free of blank values, for resid

C.3.5 Ulkrasonic bath.

C.3.6 Cqntrifuge.

C.4 Pregparation of the room for sampling

ed
le

sh dust is;sampled, at a defined time interval (e.g. one week) all of the area to be samp
aned thoroughly by wet wiping off. This thorough cleaning serves to produce a reproduci

Before fré¢
later is cld

initial sta
not be cle

e. In.the time between the thorough cleaning and sampling, the area to be sampled sho
hned further by the occupants. If analytical results relevant to a decision are required,

11d
the
be

thorough

cléaning shall be performed by the measurement institute. The selection of the area to

sampled should be made carefully on site with respect to the greatest possible representativeness
taking into account the particular problem, and the selection made shall be documented. The material
obtained is stored as a reference sample for any control purposes.

Alternatively, a sampling area free of contamination can be prepared by a covering of aluminium foil
that can be examined after a defined time interval (e.g. one week).
C.5 Sampling

Sampling can take place by dust suction using a suitable sampling attachment on vacuum cleaners (e.g.
modified sampling heads equipped with 5 cm to 8 cm glass fibre filters) or using flat filter systems.
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The sampling area should at least be 2 m2 and is slowly vacuumed in a lamellar way. Only smooth
floorings and surfaces free of phthalates are suitable for sampling. When house dust is sampled
from floorings, depending on the condition of the floor covering, during the vacuuming process not
only particles from the surface of the floor covering, but also particles from any open joints and
intermediate spaces of the floor can also be taken up. This is of importance particularly if the material
of the floor foundation contains substances which are to be determined in the house dust. Indication of
the sampling location as well as material and condition of the sampling surface is essential for the test
report (see Annex I).

The minimal weighted sample of the dust quantity used for extraction should amount to approximately

50 1115.
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e possibility of contamination by the used vacuum cleaner and/or the material of the yacuy
b cannot be avoided for the analysis of sent vacuum cleaner bags. Even if the unused n

vacuum cleaner bags is examined, in parallel, an additional blind value caused.elg. by th
hner is possible. For this reason, the examination of sent vacuum cleaner bags,régarding |
1 other plasticizers is not reasonable.

The exposed glass fibre filter is re-weighed (accuracy + 0,1 mg). Afterwards, the glass fibre
thg dust are transferred completely to-the extraction vessel. The sample is spiked with
quantity of internal standard and miked with sufficient solventl6l[8]. Further, the sample is
shgken for thorough wetting, extraeted for 15 min in an ultrasonic bath and subsequently c
(if required). An aliquot of the ‘extract is transferred to an auto sampler vial and used for
anglysis (Clause 6). A typical concentration of the internal standard in the extract is, e.g. 1 m{

The phthalates of loweryconcentration are determined from this raw extract by means
anglyses according to‘€lause 6. For example, DEPH generally requires an additional dilution.

TBME and toluerie have been proven as suitable extraction solvents. The use of another slig
solfvent is possiblé. Non-polar solvents (e.g. hexane) are not suitable. However, it shall be g
thgt the same 'solvent is used for calibration and gas chromatographic determination of the

ezZers.

m cleaner
haterial of
e vacuum
bhthalates

p the high
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.. also for

al sample.
e is sucked

filter and

a suitable
pffectually
entrifuged
he GC-MS
b /1.

of GC-MS

htly polar
haranteed
sampling

itpd solvent

alate-free

connectlons and hoses Durmg the analy51s of house dust, it shall be taken mto account that plastic
particles found in the house dust can be solved by the solvents and can irreversibly clog the transfer

capillaries.

Soxhlet extraction is not advisable due to the problems related to blank values.
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Table C.1 — Phthalate concentration in unsieved dust samples in mg/kg

Compound DMP DEP DBP | DiBP | BBP | DEHP | DiNP
Rooms with identified primary sources of DEHP, DBP and BBP (n = 5)

Average value 0,7 32 68 12 36 126 8 331
Absolute standard 0,6 17 56 9 42 1015 406
deviation

Rooms without any identified primary source of DEHP, DBP and BBP (n = 5)

Average value 0,35 17 18 2 10 123 2 193
Absolute ftandard 0,07 17 20 1,4 2 199 192
deviation

C.8 Prdsentation of results

The contehts of the dust constituents are usually reported on a mass basis in mg/kgefdust, but repjort

on an ared

also be prgsented related to the deposition rate in mg/(m2 d).

Table (.2 — Results from a round robin test for phthalate analysis'in a non-spiked <63 pm-

mixed dust sample

Average Median Rel<standard
value deviation
pg/ml pg/ml %

DEP 13,5 11,1 107
DBP 30,6 26,7 55,0
BBP 49,5 32,5 163
DEHP 527 515 42,3
NOTE  n (number of laboratories) = 26.

basis in mg/m?2 is also possible if the area is precisely defined. Furtheriore, the result nmpay

30
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Practical example for the calibration of the thermal desorption

method

D.Il Solutions of the internal standard

Th

10
fur
20
alt

D.
Th

b solution is prepared as follows:

mg of one or more internal standards are solved in methanol and filled up~to 10 ml. Aftg
ther 1:50 dilution takes place. This procedure results in a solution with\concentration 2
pug/ml = 20 ng/ul). Commercially available solutions with the same coricentration can be
brnative.

P Stock solutions

e single compounds for preparation of stock solutions [ £ecommended for air samples arg

Table 2.

D.]
Th
50

Th

Me
oth

2.1 Stock solution I of the phthalates
e stock solutions I of the phthalates are prepared as follows:

mg of each of the above-mentioned phthalates (2 000 ng/pl) are dissolved in 25 ml metha

P.2  Stock solution II of the phthalates
ck solution I is diluted with methanol by the factor of 8 (250 ng/ul).

1 of stock solution II and ‘of)the internal standard solution, respectively, are injected into
) tube for determination-of the phthalate response factors.

.B Calibratien‘solutions

e calibration-solutions are prepared according to the scheme in Table D.1.

thanolthas been proven successful as solvent. The use of other solvents is possible. 4
er~yolatile organic compounds are determined with the same measurement systemn]

rwards, a

0 mg/l (=
Ised as an

shown in

nol.

a Tenax®

\s long as
, possible

contaminations by the used solvent (e.g. toluene, acetone) shall be considered.

© IS0 2017 - All rights reserved

31


https://standardsiso.com/api/?name=81907284a61e3c93bb95595077e7f1d2

ISO 16000-33:2017(E)

32

Table D.1 — Scheme for preparation of the calibration solutions for the thermal desorption

method
Concentration of Volume of the | Methanol
the compound to be | stock solutionIl| volume
measureda

FE/ TS s et
0 0 1000
0,05 5 995
0,1 10 990
0,25 25 975
0,5 50 950
1,25 125 875
2,5 250 750
5 500 500
7,5 750 250

9,9 990 10

a Sampling volume: 25 1.
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