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National foreword
This British Standard reproduces verbatim ISO 16702:2001 and implements it 
as the UK national standard.

The UK participation in its preparation was entrusted by Technical Committee 
EH/2, Air quality, to Subcommittee EH/2/2, Workplace atmospheres, which 
has the responsibility to: 

A list of organizations represented on this subcommittee can be obtained on 
request to its secretary.

Cross-references

The British Standards which implement international publications referred to 
in this document may be found in the BSI Catalogue under the section entitled 
“International Standards Correspondence Index”, or by using the “Search” 
facility of the BSI Electronic Catalogue or of British Standards Online.

This publication does not purport to include all the necessary provisions of a 
contract. Users are responsible for their correct application. 

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.

— aid enquirers to understand the text;

— present to the responsible international/European committee any 
enquiries on the interpretation, or proposals for change, and keep the 
UK interests informed;

— monitor related international and European developments and 
promulgate them in the UK.

Summary of pages
This document comprises a front cover, an inside front cover, the ISO title page, 
pages ii to iv, pages 1 to 16, an inside back cover and a back cover.

The BSI copyright date displayed in this document indicates when the 
document was last issued.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

International Standard ISO 16702 was prepared by Technical Committee ISO/TC146, Air quality, Subcommittee
SC 2, Workplace atmospheres.

Annex A of this International Standard is for information only.
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Workplace air quality — Determination of total isocyanate groups
in air using 2-(1-methoxyphenyl)piperazine and liquid
chromatography

1 Scope

This International Standard gives general guidance for the sampling and analysis of airborne organic isocyanates
in workplace air, using the 2-(1-methoxyphenyl) piperazine reagent and liquid chromatography.

This International Standard is applicable to the measurement of a wide range of organic compounds containing
isocyanate functional groups (NCO), including isocyanate monomers and prepolymers.

This International Standard is applicable to the measurement of any product containing free isocyanate groups.

This International Standard is applicable to the measurement of time-weighted-average concentrations of organic
isocyanates in workplace atmospheres, and for sampling over periods in the range 10 min to 8 h. It is designed for
personal monitoring, but may also be used for fixed-location monitoring by suitable modification.

This International Standard is applicable to the measurement of airborne organic isocyanates in the concentration
range approximately 0,1 µg NCO�m–3 to 140 µg NCO�m–3 for a 15 l sample volume.

The qualitative and quantitative detection limits for isocyanate, defined as three times and ten times the standard
deviation of six blank determinations, have been found to be typically around 0,001 µg NCO and 0,004 µg NCO per
sample respectively (electrochemical detection). For a 15 l air sample, these values correspond to qualitative and
quantitative detection limits of 0,07 µg�m–3 and 0,3 µg�m–3 respectively.

EXAMPLES Aromatic monomers include toluene diisocyanate (TDI) and methylene bis(4-phenyl isocyanate) (4,4-
diisocyanatodiphenylmethane, MDI). Aliphatic monomers include isophorone diisocyanate (IPDI) and 1,6-hexamethylene
diisocyanate (HDI). Isocyanate oligomers or prepolymers are derived from these monomers by self-condensation or reaction
with polyols.

NOTE 1 Organic isocyanates can also arise from thermal decomposition of polyurethanes. If both isocyanates and amines
are believed to be present, use of a standard which enables the simultaneous determination of both amines and isocyanates
may be more appropriate (ISO method in draft). An alternative procedure using the MAP [1-(9-anthracenylmethyl)piperazine]
reagent is also available (ISO method in draft).

NOTE 2 The objective of air monitoring is usually to determine worker exposure and, therefore, the procedures described in
this International Standard are for personal sampling in the breathing zone. The procedures may be used for background or
fixed location sampling. However, it should be recognized that, due to aerodynamic effects, samplers designed for personal
sampling do not necessarily exhibit the same collection characteristics when used for other purposes.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain registers of currently valid International Standards.
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ISO 6141:2000, Gas analysis — Requirements for certificates for calibration gases and gas mixtures.

ISO 6145 (all parts), Gas analysis — Preparation of calibration gas mixtures — Dynamic volumetric methods.

ISO 6349, Gas analysis — Preparation of calibration gas mixtures — Permeation method.

BS 7653-3:1993, Piston and/or plunger operated volumetric apparatus (POVA) — Methods of test.

EN 482, Workplace atmospheres — General requirements for the performance of procedures for the measurement
of chemical agents.

EN 1076, Workplace atmospheres — Pumped sorbent tubes for the determination of gases and vapours —
Requirements and test methods.

EN 1232, Workplace atmospheres — Pumps for personal sampling of chemical agents — Requirements and test
methods.

3 Principle

A measured volume of air is drawn through a glass impinger containing 1-(2-methoxyphenyl)piperazine (1-2MP)
solution and/or a filter impregnated with (1-2MP) reagent. Any organic isocyanates present will react to form non-
volatile urea derivatives. The resultant solution is concentrated and analysed by high performance liquid
chromatography (HPLC) with ultraviolet (UV) and electrochemical (EC) detection. Isocyanate-derived peaks are
identified on the basis of their EC and UV responses and also by diode-array detection (DAD) and comparison with
derivatized bulk (where available). Quantification is carried out by comparison with the relevant isocyanate
monomer standard. The total isocyanate-in-air concentration is calculated from the sum of all the isocyanate-
derived peaks.

4 Reagents and materials

During the analysis, use only reagents of recognized analytical reagent grade.

4.1 1-2MP reagent, 1-(2-methoxyphenyl)piperazine, commercially available in appropriate (> 98%) purity.

4.2 Reagent solvent, commonly toluene.

It should be of chromatographic quality, and shall be free from compounds co-eluting with the substances of
interest. Before use for the preparation of impregnated filters or for preparation of monomer standards, it is
advisable to dry the solvent with anhydrous calcium chloride or magnesium sulfate. This step may be omitted for
preparation of the absorbing solution, as it will pick up atmospheric moisture during sampling.

4.3 Reagent solutions.

4.3.1 Absorbing solution

Accurately weigh approximately 50 mg of 1-2MP and transfer to a dry 100 ml volumetric flask. Dissolve and make
up to the mark with reagent solvent, and mix thoroughly. Dilute 10 ml of this stock solution to 100 ml with reagent
solvent in a second volumetric flask to give a 260 µM absorbing solution.

4.3.2 Preparation of solution for impregnating filters (Solution A)

Accurately weigh out approximately 0,25 g of 1-2MP and transfer to a 25 ml volumetric flask. Make up to the mark
with dried reagent solvent and shake to mix.
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