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Introduction

This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published

as a British Standard.

UK Vote

Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will beregjected.

- All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Template for comments and secr etariat observations

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

lan alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 ©) 4 5 (6) 7
MB | Clause No./ Subclause Paragraph/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Figure/Table/Note comment for change) by the MB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs |Amend to read '...so that the mains
clarifying. connector to which no connection...’
6.4 Paragraph 2 te The use of the UV photometer as  [Delete reference to UV photometer.
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Foreword

[SO (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 maintenance are described
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
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a)
patent(s) which may be required to implement this document. However, implementers are cautioned that
this may not represent the latest information, which may be obtained from the patent database available at
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization (WTO) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee SC 2,
Workplace atmospheres.

This second edition of ISO 17734-1 cancels and replaces ISO 17734-1:2013, which has been technically
revised.

Alist of all parts in the ISO 17734 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

[socyanates have been used in industry for about 50 years. They are commercially important chemicals
mainly used for the production of polyurethane (PUR). In spite of controls to limit exposures, there are
adverse health effects such as asthma, contact dermatitis, and hypersensitivity pneumonitis as consequences
of exposure to isocyanates in some industrial sectors.

The analytical method for the determination of isocyanates in workplace air must be sensitive due to the
high irritation and sensitization properties of isocyanates. Extremely low occupational exposure limits
(OELs) exist in many countries, and concentrations well below the OEL (< 1/100) are often to be determined.
[socyanates are very reactive and therefore cannot be analysed directly. Derivatization during sampling is
required in order to prevent interfering reactions. Hundreds of different isocyanates are used in industry,
and many more are formed during thermal degradation of PUR. Therefore, high selectivity of the analytical
method is required for accurate results.

The determination of isocyanates in the work environment using di-n-butylamine (DBA) as a reagent
and liquid chromatography-mass spectrometric detection (LC-MS) has been demonstrated to be a robust
method. The development of the method was initiated when difficulties using the “older” methods during
sampling of isocyanates in complex atmospheres were encountered (e.g. thermal decomposition of PUR)[1I[2]
[3]. The reaction rate between DBA and isocyanates was found to be fast, and high concentrations can be used
to secure instantaneous reactions and eliminate problems with interfering compounds[#l[3l. Using impinger
flasks containing a reagent solution and a filter in series efficiently collects and derivatizes isocyanates in
both the gas and the particle phasel®l. LC-MS/MS of the isocyanate-DBA derivatives enables highly selective
and precise determinations down to levels below 10-¢ of the OELIZI,

Solvent-free sampling can also be performed by using a tube coated with a DBA-impregnated glass fibre
filter followed by an impregnated filter. An impregnation solution containing DBA together with an acid is
used, and the formed ion pair reduces volatility. DBA remains on the filter even after 8 h of sampling8l.

Monomeric isocyanates that are formed during thermal decomposition of polymers [typically PUR and
phenol/formaldehyde/urea (PFU) resins], such as isocyanic acid and methyl isocyanate, can also be
determined[elIZI8II21[10], Volatile isocyanate-DBA derivatives can be determined using gas chromatography-
mass spectrometric detection (GC-MS)[2l. Using the DBA method and derivatization with ethyl chloroformate
makes simultaneous determinations of amine, aminoisocyanates, and isocyanates possible, as described in
the companion method ISO 17734-2.

For quantification, reference compounds are necessary but are only available for a few monomeric
isocyanates. Most of the isocyanates that are used in industry for the production of PUR can only be obtained
in technical grade mixtures. Many isocyanates that are formed during thermal degradation are not available
and are not easily synthesized. In this method, a nitrogen-sensitive detector has been used for quantifying
isocyanates in reference solutions. This technique has been demonstrated to be a useful tool, together with
MS characterization, in greatly facilitating the production of reference solutions[10][11][12],

For quantifying isocyanates in complex mixtures, MS detection appears to be the current best available
detection technique and provides a unique possibility of identifying unknown compounds. This method
has enabled assessment of new areas for which exposure to isocyanates was not known previously and has
identified new kinds of isocyanates in the work environmentl6l(Z][8][9][10][11]{12]
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DRAFT International Standard ISO/DIS 17734-1:2025(en)

Workplace air quality - Determination of organonitrogen
compounds in air using liquid chromatography and mass
spectrometry —

Part 1:
Isocyanates using dibutylamine derivatives

1 Scope

This part of ISO 17734 gives general guidance for the sampling and analysis of airborne isocyanates
in workplace air. When amines and aminoisocyanates are suspected to be emitted (e.g. from thermal
degradation of PUR), it is recommended that, in addition to isocyanates, the amines and aminoisocyanates
in the air are determined, using DBA and ethyl chloroformate as reagents (see ISO 17734 2).

The method is suitable for the determination of a wide range of different isocyanates in both the gas and
particle phases. Typical monofunctional isocyanates that can be determined are isocyanic acid (ICA),
methyl isocyanate (MIC), ethyl isocyanate (EIC), propyl isocyanate (PIC), butyl isocyanate (BIC), and phenyl
isocyanate (Phl). Typical monomeric diisocyanates include 1,6-hexamethylene diisocyanate (HDI), 2,4-
and 2,6-toluene diisocyanate (TDI), 4,4-methylenediphenyl diisocyanate (MDI), 1,5-naphthyl diisocyanate
(NDI), isophorone diisocyanate (IPDI), and 4,4’-dicyclohexylmethane diisocyanate (HMDI). Multifunctional
isocyanates that can be determined are typically oligomers in polymeric MDI, biuret-, isocyanurate-, and
allophanate-adducts, and prepolymeric forms of isocyanates.

The useful range is approximately 2,5 ng to 500 ng of isocyanate per sample. For a 15 I air sample, this
corresponds to 0,2 pug/m3 to 33 pg/m3. These values can slightly change according to the isocyanate
analysed.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

ISO 5725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic method for
the determination of repeatability and reproducibility of a standard measurement method

ISO 16200-1, Workplace air quality — Sampling and analysis of volatile organic compounds by solvent
desorption/gas chromatography — Part 1: Pumped sampling method

[SO 13137, Workplace atmospheres — Pumps for personal sampling of chemical and biological agents —
Requirements and test methods

ISO 3696, Water for analytical laboratory use — Specification and test methods

[SO 17025, General requirements for the competence of testing and calibration laboratories

3 Terms and definitions

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

Documents

© IS0 2025 - All rights reserved Document Sharing Hub
1
Full document details: 25/30474584 DC


http://www.avadocuments.com/doc/25-30474584-dc
http://www.avadocuments.com/doc/25-30474584-dc

ISO/DIS 17734-1:2025(en)

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

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1
isocyanate
a chemical compound with one or more isocyanate (nitrogen carbon oxygen) functional groups

3.2

monomer

a chemical compound that joins with other identical compounds to form dimers, trimers, oligomers or
polymers

EXAMPLE Classes of isocyanate monomers include: monoisocyanates, containing one isocyanate functional
group, e.g. methyl isocyanate; diisocyanates, e.g. di(4-isocyanatophenyl)methane (MDI); and triisocyanates, e.g.
tri(4-isocyanatophenyl)methane.

3.3
diisocyanate
a chemical compound with two isocyanate functional groups

3.4

oligomer

a compound of low relative molecular mass with multiple isocyanate functional groups, formed by the
combination of isocyanate monomers

3.5

prepolymer

the isocyanato-terminated reaction product of a di- or poly-isocyanate with a stochiometric deficiency for
a hydroxyl-terminated polyol; these compounds are then further reacted to form polyurethanes or similar
compounds

3.6

Technical isocyanate

isocyanates produced by isocyanate manufacturers and used as is or with other components according to
its use in the industry

4 Principle

Samples are collected by drawing a known volume of air through a midget impinger flask followed by a filter.
The impinger contains 10 ml of 0,01 mol.I"1 of DBA in toluene and the filter is a glass fibre filter with no binder.

Solvent-free sampling can also be performed by drawing air through a tube coated with a DBA-impregnated
glass fibre filter followed by an impregnated filter. An impregnation solution containing DBA together with
acetic acid is used, the ion pair so formed reduces the volatility and enables long-time sampling.

After sampling, deuterium-labelled isocyanate-DBA derivatives (used as internal standard) are added
to the sample solutions. The excess reagent and solvent are evaporated, and the samples are dissolved in
acetonitrile. The samples are analysed using reversed-phase LC and electrospray (ESP)-MS detection,
monitoring positive ions. Quantification is made by monitoring selected ions. See Figure 1.

Quantification and qualitative determinations can be performed using different LC-MS or LC-MS/
MS techniques. Liquid chromatography-chemiluminescent nitrogen detection (LC-CLND), or liquid
chromatography-ultraviolet detection (LC-UV) for aromatic isocyanates, can be used for the determination
of higher concentrations of isocyanates.

Reference materials can be characterized using LC-MS/CLND. For characterization of volatile compounds,
gas chromatography-thermionic specific detector (GC-TSD) can also be used.
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Sampling
Calibration curve from Transfer of sample Standard solution:
dard luti luti d filt di DBA derivatives of diisocyanates,
standard solution solution and 1iiter medila monoisocyanates, isocyanate
to test tube adducts and oligomers

Internal Standards, IS:

L. . Similar in retention time
Addition of IS . Similar in molecular structure
e.g. aromatic or aliphatic
. Preferably deuterium-labelled

DBA derivative of the
\ isocyanate

. Extraction of analytes
. Change of solution media
. Enrichment of analytes

Work-up procedure

. SIM or MRM of the analytes and
Analysis with LC-MS 15

. Calculation of the area ratio of
the analyte and IS

. Comparison between area ratio
of the air sample and

Evaluation of data

Figure 1 — Example

5 Reagents and materials

5.1 DBAreagent.

Analytical grade di-n-butylamine is commercially available.

5.2 Solvents.

The reagent solvent, typically toluene, and other solvents, such as acetonitrile, isooctane, and methanol,
should be of liquid chromatographic quality.

5.3 Formic acid, concentrated formic acid, analytical grade.
5.4 Acetic acid, concentrated acetic acid, analytical grade.

5.5 Pyridine, analytical grade
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5.6 Sodium hydroxide, reagent grade
5.7 Ethyl chloroformate, analytical grade
5.8 Urea, analytical grade
5.9 1,3 dimethyl urea, analytical grade

5.10 Water, Water, complying with the requirements for ISO 3696:1987, grade 2 water (electrical
conductivity less than 0,1 mS/m and resistivity greater than 0,01 MQ-m at 25 °C).

5.11 Sulfuricacid 5 mM, 0,27 ml of concentrated sulfuric acid (98 %) analytical grade is added to 1 000 ml
of water.

5.12 Reagent solution.

In a 11volumetric flask, dilute 1,69 ml of DBA in toluene and make up to the mark. The solution is stable and
no special care during storage is necessary.

5.13 Reagent solution, for solvent-free sampler.

5.13.1 Solution 1: 0,74 mol.I-1 DBA.

Mix 80 ml methanol and 12,5 ml DBA in a 100 ml volumetric flask. Then while stirring, slowly add 4,16 ml of
acetic acid to the flask. Finally, add methanol to the flask, and make up to the mark.

5.13.2 Solution 2: 1,5 mol.l-1 DBA.

Mix 60 ml methanol and 25 ml DBA in a 100 ml volumetric flask. Then while stirring, slowly add 8,32 ml of
acetic acid to the flask. Finally, add methanol to the flask, and make up to the mark.

5.14 HPLC mobile phases.

5.14.1 LC-MS.

The weak mobile phase (mobile phase A) consists of water/acetonitrile (95/5 volume fraction) and 0,05 %
formic acid. The strong mobile phase (mobile phase B) consists of water/acetonitrile (5/95 volume fraction)
and 0,05 % formic acid. The mobile phases are degassed prior to use.

5.14.2 LC-CLND.

The weak mobile phase (mobile phase C) consists of water/methanol (95/5 volume fraction) and 0,05 %
formic acid. The strong mobile phase (mobile phase D) consists of water/methanol (5/95 volume fraction)
and 0,05 % formic acid. The mobile phases are degassed prior to use.

6 Preparation of standard solutions

6.1 Reference compounds

Reference compounds are necessary for LC-MS determination of isocyanate derivatives. For the
commercially available isocyanates, the DBA derivatives are easily prepared by direct derivatization with
DBA. DBA derivatives for the isocyanates not commercially available can be made from the bulk material or
from the thermal decomposition of PUR or urea-based resins used at the work place. Alternatively, standard
solutions can be purchased (see Annex C).
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6.2 Di-n-butylamine (DBA) derivatives of isocyanates

6.2.1 Preparation of isocyanate-DBA derivatives of commercially available isocyanates

Many frequently used isocyanates are commercially available from companies supplying laboratory
chemicals such as HD], 2,4-TDI and 2,6-TD], 4,4-MD], 4,4-HMD], 1,5-NDI, IPDI, Phl, MIC, EIC, PIC, and BIC. The
purity of the isocyanates varies, and some contain isomers.

Calibration standards are made by spiking accurately weighed amounts or volumes (ca 0,1 mmol) of
isocyanates in 100 ml of isooctane. A 1 ml volume is added to 100 ml of toluene containing 0,01 molI-! of
DBA (ca 0,01 pmol-ml-1 of the DBA derivative).

The procedure for the synthesis of derivatives is as follows:

1) Dilute 6 mmol of isocyanate in 2 ml of isooctane.

2) Dissolve 60 mmol of DBA in 20 ml of isooctane.

3) Add the isocyanate solution to the DBA solution dropwise under continuous stirring.
4) Evaporate the reaction mixture to dryness in a rotating evaporator.

5) Dry the residue under vacuum to remove excess DBA.

Itis also possible to prepare the isocyanate-DBA derivatives by collecting the thermal degradation products
of the corresponding carbamate esters in an impinger flask containing a DBA solution (as specified in
6.2.3.3).

6.2.2 Preparation of ICA and MIC-DBA
When urea is thermally degraded, ICA is formed.

Heat an amount of urea (20 mg) to about 300 °C in a glass tube. Collect the degradation products in an
impinger flask containing DBA in toluene (0,5 mol-1-1). Wash the toluene solution containing the ICA-DBA
derivatives with water, whereupon the organic phase is evaporated in a vacuum centrifuge and the residue
is dissolved in methanol. Characterize the solution, as described in 6.2.4.

The same procedure can be applied for preparation of MIC-DBA derivatives, by collecting thermal
degradation products of 1,3-dimethyl urea.

6.2.3 Preparation of deuterium-labelled isocyanate-DBA derivatives

6.2.3.1 Internal standards

For accurate LC-MS quantifications, it is important to use proper internal standards, not only to compensate
for variations during the work-up procedure, but also to compensate for fluctuation in the MS instrument
response. Ideally, each analyte should have its own deuterium-labelled analogue. For isocyanate-DBA
determinations, it is possible to use DBA derivatives of deuterium-labelled isocyanates or dg- and d;g-DBA
derivatives of the isocyanates as internal standards.

The quality of the quantification is influenced by the number of deuterium substitutions in the internal
standard (less deuterium in the molecule result in higher precision). Having the deuterium on the isocyanate,
and not on the DBA, has advantages when performing structural identification using MS and MS/MS. It is
then possible to distinguish between labelled and non-labelled fragments that originate from the isocyanate
itself. Therefore, the ideal internal standards are the DBA derivatives of the deuterium-labelled isocyanates.
However, they are labour intensive to prepare, and they are only available for a few isocyanates.

The deuterium-labelled dy- and d;g-DBA derivatives are easy to prepare, and any technical isocyanate or
thermal degradation product can be derivatized and used as internal standard.
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