INTERNATIONAL

SO

STANDARD 16702

First edition
2001-05-01

Workplace air quality — Determinatid
total isocyanate groups imair using
2-(1-methoxyphenyl) piperazine and
chromatography

Qualité de l'air des lieux de travail — Dosage des groupes isod
totaux dans l'air a l'aide de(méthoxy-1 phényle)-2 pipérazine €
chromatographie en phase liquide

N of

liquid

yanate
t de la

Reference number

= R— ISO 16702:2001(E)

ISO

© S0 2001


https://standardsiso.com/api/?name=60b686cdb4e8806721b2d7286ee30196

ISO 16702:2001(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not
be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this
file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this
area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters
were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event
that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0O 2001

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO's member body
in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20
Tel. +412274901 11

Fax +4122 74909 47

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

ii © I1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=60b686cdb4e8806721b2d7286ee30196

ISO 16702:2001(E)

Contents

o =1V o T o PP URER S
1 S Tod 0] o] TP P PP PRPRT PP
2 N[0 ] €= LA =T =] =T =T Lo =R
3 PIINCIPIE .. e g
4 Reagents and MaterialS ... e e Nk e
5 ADPAIATUS ..oeeeiiiiiiiiiieieii ettt ettt ettt ettt et eae et e e eeeeaeee e aesenenennnnnnnnrnnnnnnnnnnnnnnnne (e e rennnnnne
6 SAMPIING ettt Sy s
6.1 Calibration Of PUMP ..uuuuiii s e s e e e s
6.2 LT T 0T - | PO PPUPTTRPURP AU SO PP PPPPPPPPPPP
6.3 Preparation of sampling equipmMent — GENEral ...........uuuvviieuiieiiirierense s N ererererererererererrrnnnnnn.
6.4 Preparation of sampling equipmMent — FilterS ... e e
6.4.1 Prleparation of impregnated filters ... el
6.4.2 Prleparation of sampling devices With filters ........ccccoiiiim e
6.5 Preparation of sampling equipment — IMPINGErS ...t S
6.6 Collection of filter samples — Vapour phase Samples . e
6.7 Collection of impinger samples — Vapour, or particulate phase samples with particles >
6.8 Collection of impinger backed by filter samples —Other Cases ......ccccccovviiiiiieiieiiiiiciineeen.
6.9 Rl TaE] o Lol g =14 [0 o P S ST PP PP P PR PPPPP P
6.10  BlIANKS oo 2 e
7 [ (oToT=To (U] - TP PO PPP PR OPPPPPPPPN
7.1 SATELY PrECAULIONS ... s e T e e e s
7.2 Clleaning oOf glasSSWare ... ..o s
7.3 Pre-reaction of impinger samples before HPLC analysis ......ccccccceeeiiiiiciiieeece e
7.4 Pre-reaction of filter samples hefare HPLC analySiS.....ccccccvveviviviviiiiiiiiiiiiiiiieieeeveeeeeeeeeveeee
7.5 HIPLC PArBMELEIS ..o i ettt e et e e e s e e e e e s st e e e e e e snr e e eeaeeeeas
7.6 De¢termination of airborne-isocyanate from moONOMErS........ccviiiiiiiiiiiiii e
7.7 De¢termination of airbornesisocyanate from prepolymers ........cccoveeiiiiiiiic i
7.8 Confirmation of identification for isocyanate prepolymers ...,
7.9 SAM P ING EF T C N Y N et bbb e e
8 Calculation of mrass concentration of @NalYte ........occueiiiiiiiiiiiii e
9 ] (] g =T =] o = TP PP P PUOPPPPPRPP
10 PHECISIOMIANT DIAS oottt et e e e e e et e e e e e e e s s aanbbeeeaeeeean
11 10 = o 1= PP UPPPPPRTPNN
12 I L] 101 AU
13 QUALIEY CONTIOL. ..ot e e e e st e e e e e s e bbb b e e e e e e e e aannnnnnees
Annex A (informative) Determination of sampling effiCiIENCY .......oovvvvviiiiiiiiiiiiiiiiee s
27T o] ET oo =T oY o Y PP

© ISO 2001 - All rights reserved


https://standardsiso.com/api/?name=60b686cdb4e8806721b2d7286ee30196

ISO 16702:

2001(E)

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
Commission

International

Draft Interna

Publication as an International Standard requires approval by at least 75 % of the member bodies casting

Attention is g
patent rights

International
SC 2, Workp

Annex A of this International Standard is for information only.

1SQ_alsa take part in_the work 1SQ collaborates r‘InQpIy with the International Elect

otechnical

(IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3.
ional Standards adopted by the technical committees are circulated to the member bodies
rawn to the possibility that some of the elements of this International Standard may be the
ISO shall not be held responsible for identifying any or all such patent rights.

Standard ISO 16702 was prepared by Technical Committee-tSO/TC146, Air quality, Sub
ace atmospheres.

for voting.
a vote.

subject of

committee
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Workplace air quality — Determination of total isocyanate g
in air using 2-(1-methoxyphenyl)piperazine and liquid
chromatography

roups

1 Scope

This Interr
in workplaj

ational Standard gives general guidance for the sampling and analysis of airborn€ organia
Ce air, using the 2-(1-methoxyphenyl) piperazine reagent and liquid chromatography.

isocyanates

This Interpational Standard is applicable to the measurement of a wide range of.organic compoungs containing

isocyanateg functional groups (NCO), including isocyanate monomers and prepolymers.

This Interrjational Standard is applicable to the measurement of any product containing free isocyanatd
This Inter
isocyanatq
personal n

ational Standard is applicable to the measurement of time-weighted-average concentratio
s in workplace atmospheres, and for sampling over periods in the range 10 min to 8 h. It is
nonitoring, but may also be used for fixed-location monitoring by suitable modification.

This Inter
range app

ational Standard is applicable to the measurement of airborne organic isocyanates in the
Foximately 0,1 pg NCO-m=3to 140 pg NCO-m=34or a 15 | sample volume.

The qualithtive and quantitative detection limits for*isocyanate, defined as three times and ten times
deviation ¢f six blank determinations, have beenfound to be typically around 0,001 pug NCO and 0,004

groups.

s of organic
designed for

oncentration

the standard
png NCO per

sample regpectively (electrochemical detection): For a 15 | air sample, these values correspond to qualitative and

quantitative detection limits of 0,07 pg-m—3 and 0,3 ug-m=3 respectively.

yanate) (4,4-

-hexamethylene

diisocyanate (HDI). Isocyanate oligomers or prepolymers are derived from these monomers by self-condensation or reaction
with polyolg
NOTE 1 [Organic isocyanates can also arise from thermal decomposition of polyurethanes. If both isocyanat¢s and amines

to be present; Use of a standard which enables the simultaneous determination of both amines ar

NOTE 2

d isocyanates
hyl)piperazine]

s described in

fixed location sampllng However |t should be recognlzed that due to aerodynamlc effects samplers de5|gne
sampling do not necessarily exhibit the same collection characteristics when used for other purposes.

2 Normative references

packground or
d for personal

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, W,
Requirement

EN 1232, W
methods.

3 Princiy

A measured
solution and
volatile ureg
chromatogral

o heres— I for—the—determimation—of I

S and test methods.

brkplace atmospheres — Pumps for personal sampling of chemical agents — Regquirémen

le
volume of air is drawn through a glass impinger containing 1-(2-methoxyphenyl)piperazin
or a filter impregnated with (1-2MP) reagent. Any organic isocyahates present will react to
derivatives. The resultant solution is concentrated andyanalysed by high performal

bhy (HPLC) with ultraviolet (UV) and electrochemical (EE€) ‘detection. Isocyanate-derived

identified on
derivatized

monomer st
derived peak

4 Reage

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

41 1-2MBP

4.2 Reage
It should be
interest. Bef
advisable to
preparation

4.3 Reags

iulk (where available). Quantification is carried out>by comparison with the relevant

the basis of their EC and UV responses and also by diodesarray detection (DAD) and comp

ndard. The total isocyanate-in-air concentration s, calculated from the sum of all the ig
S.

hts and materials

nt solvent, commonly-+toluéne.

of chromatographicquality, and shall be free from compounds co-eluting with the sub
bre use for the€ preparation of impregnated filters or for preparation of monomer stang
dry the solvent-with anhydrous calcium chloride or magnesium sulfate. This step may be
f the abserbing solution, as it will pick up atmospheric moisture during sampling.

nt solutions.

/apours —

s and test

e (1-2MP)
form non-
nhce liquid
peaks are
hrison with
socyanate
ocyanate-

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

stances of
ards, it is
bmitted for

43.1

AbSLnb;llg sotutioh

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 UM 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.

© ISO 2001 - All rights reserved
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ability of reagent solutions

Prepare fresh solutions weekly.

4.4 Cali

bration standards.

441 Monomer derivatives

Add the appropriate isocyanate (0,1 g) to 0,6 g of 1-2MP dissolved in dry toluene (10 ml) and leave to stand for 1 h.
A white crystalline urea will precipitate. Collect this on a filter paper and wash several times with dry toluene to
remove excess reagent.

Recrystall
to cool an
only slight

MDI and H
preparatio

Slowly ad

methoxyphenyl)piperazine (1,0 g) in dichloromethane (50 ml). A white suspension will form. Add this ¢

beaker of
dichlorom
air.

NOTE

4.4.2 Preparation of standard solutions of recrystallized“isocyanate monomer derivatives

Weigh out
acetonitrile
standard 4
solutions i

Then:
c= (g
where

q

q

q

ze the urea from toluene, by warming to about 60 °C and slowly add methanol to dissolve.th
] filter the resulting crystals, washing with cold, dry toluene. Dry the solid in air. The utea’ d¢
y soluble in toluene but readily soluble in methanol or acetonitrile.

IMDI (dicyclohexylmethane-4,4'-diisocyanate) are rather insoluble in toluene: The alternati
h given below may be more suitable for these compounds.

0 a solution of the appropriate isocyanate (0,59) in dichlorometharne (25 ml) to a soly

hexane (500 ml) with stirring. Filter the resultant precipitate and redissolve it in a minimu
bthane. Add hexane to re-precipitate the solid, filter this and wash' with hexane. Dry the ure3

This second method may also be used for isocyanate prepolymers.

a known mass of the urea derivative, place-in a 100 ml volumetric flask and make up to t
e or methanol. Take aliquots of this solution and dilute volumetrically in acetonitrile to creat

the concentration range of the samples exceeds that of the standards.

L M- n)/IM,

the concentration of isocyanate in the standard (ug NCO-mI1);
the concentration of urea derivative in the standard (ug-mi2);

the relative molecular mass of NCO;

e urea. Allow
erivatives are

e method of

tion of 1-(2-
ropwise to a
m volume of
derivative in

he mark with
e a series of

olutions over the concentration range 0;01 pg NCO-mI~1 to 1,0 ug NCO-mlI-1. Prepare further standard

n is the number of isocyanate groups/molecule;

443 St

is the relative molecular mass of the urea derivative.

ability of isocyanate ureas and their solutions

Stock solutions of isocyanate monomer derivatives have been found to be stable for over six months if kept in a
freezer. Isocyanate monomers (TDI) on filters and toluene solution have been found to be stable up to 90 days

(73 % and

81 % recoveries respectively) [1].
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mobile phase.

Dissolve 5 g of anhydrous sodium acetate in 11 distilled water. Adjust the pH of this solution to 6,0 with glacial
acetic acid. Add 550 ml of this solution to acetonitrile (450 ml) and degas this solution by filtering under vacuum or
by bubbling a stream of helium through it to give a 45 % acetonitrile/55 % sodium acetate buffer.

5 Apparatus

Ordinary laboratory apparatus and the following.

5.1 Sampl

er.

The choice o

For vapour-g
diameter les
or where the
Details of alt

5.2 Filterd

The chosen filter type should have a capture efficiency of not less than 95 %<and be suitable for collectio

samples of ig
5.3 Filter

Details of sy
recommende

Where the impinger/filter combination is used (6.8), it has-been found to be more convenient to use a 2

holder.
5.4 Midge]

A number of]
receiver and

NOTE “N
5.5

NOTE Th
5.6 Tubin

Plastic, rubb

Sampling pump, in accerdance with EN 1232 or equivalent.

f sampler used depends on the form in which the isocyanate is present.
hase isocyanates, sampling shall be carried out using an impregnated filter onty: .if no {
5 than 2 um are expected, then sampling may be carried out with an impinger enly”In all ot
isocyanate form is not known, the use of an impinger backed by an impregnated filter is §
brnative sampling procedures are given below.

, of 25 mm diameter suitable for use in the selected sampler.

ocyanate. 1-2MP-impregnated GF/A filters have been found t0.be suitable.
holder.

itable sampling heads are given in [2]. A 25 mmyIOM head fitted with a stainless steel
d for filter samples.

[ impinger.

designs of bubblers and impingers are available [3]. A midget impinger [4] consists of a
a tapered inlet tube.

n-spill” impingers are commercially available.

b sampling pump should also be in accordance with local safety regulations.
).

pr-gr other suitable tubing, about 90 cm long, of appropriate diameter to ensure a leak-proo

articles of
her cases,
uggested.

h of stable

assette is

b mm filter

graduated

fit to both

pump and sampler. Flurant) tubing has been found to have fewer problems due to extraction of contaminants
associated with it. Clips shall be provided to hold the sampler and connecting tubing to the wearer's lapel area.

It is not recommended to use any tubing upstream of the first collection element (filter or impinger), as sample
losses may occur.

5.7

primary standard [2].

Flowmeter, portable, capable of measuring the appropriate flowrate to within £ 5%, and calibrated against a

1) Fluran is an example of a suitable product available commercially. This information is given for the convenience of users of
this International Standard, and does not constitute an endorsement by ISO of this product.
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Flowmeters incorporated in sampling pumps are not suitable for accurate measurement of the flowrate. However,
they can be useful for monitoring the performance of samplers, provided they have adequate sensitivity.

5.8 Filtration equipment.

A solvent-resistant filter unit of <0,5 um pore size for filtration of LC solvents. Syringeless filters or < 0,5 pym
syringe filters for filtration of the desorbed samples prior to LC analysis.

5.9 Ancillary equipment, including belts or harnesses to which the sampling pump can be conveniently fixed
(unless the pump is sufficiently small to fit into a worker's pocket), flat-tipped tweezers for handling the filters,
containers to transport the filters and/or impinger solutions, protective holder for impinger.

5.10 Liqnlnid chromatograph (HPLC) linked to ultraviolet (UV) and electrochemical (EC) detectors.

The EC dgtector should be used in the oxidation mode. A diode-array detector is also advisableAor cgnfirmation of
identificatipn.

Temperatdre fluctuations shall be avoided in order to obtain the sensitivity required’in~this method.| This can be
achieved by thermostatting the HPLC column and EC detector. EC performance can be improved by recirculating
the mobilg phase in a closed loop and by use of a guard cell (set to ~ + 50 mY) above analytical ¢ell potential)
before the|injector. A pulse dampener will also decrease the LC system noise-(pulse ripple) and so ingrease signal
to noise (3/N) ratio.

5.11 Autpsampler.

These are[commercially available.

6 Sampling

6.1 Cal|bration of pump

Calibrate the pump with a representative impinger and/or filter assembly in line, using an appropfiate external
calibrated [meter. If an impinger is used, it shall contain absorbing solution (or toluene).

6.2 General

For long-t¢rm sampling, select-a sampling period of an appropriate duration, such that the filter doeq not become
overloadegl with particulate material.

NOTE An 8-h time-weighted average concentration may be derived from the results of two or more consecutiye samples.

6.3 Preparation of sampling equipment — General

Clean the|samplers (filter cassette and/or impingers) before use. Disassemble the samplers, soak |in laboratory
detergent solution, rinse thoroughly with water, wipe with absorptive tissue and allow to dry thoroughly before
reassembly. Alternatively, use a laboratory washing machine.

6.4 Preparation of sampling equipment — Filters

6.4.1 Preparation of impregnated filters

Accurately weigh out approximately 0,25 g of 1-(2-methoxyphenyl)piperazine and transfer to a 25 ml volumetric
flask. Make up to the mark with dried toluene and shake to mix. This is solution A (see 4.3.2)

In an area free from dust and isocyanates and using blunt tweezers, place a humber of 25 mm glass-fibre filters on
a clean glass plate so that no filters are touching. Using a suitable microlitre syringe, dispense 200 pl of solution A

© ISO 2001 - All rights reserved 5


https://standardsiso.com/api/?name=60b686cdb4e8806721b2d7286ee30196

ISO 16702:2001(E)

onto the surface of each filter, ensuring that the reagent impregnates the whole filter. Allow the filters to dry in air
for several hours. When completely dry, transfer the filters from the glass plate to a screw-cap brown bottle using
blunt tweezers. Label the bottle with the preparation and ‘'use before' date. Store until required in a dark cupboard
or refrigerator for up to six months from preparation.

6.4.2 Preparation of sampling devices with filters

In an area free from isocyanates, load the filters into clean, dry samplers using clean flat-tipped tweezers. Connect
each loaded sampling head to a sampling pump using plastic tubing, ensuring that no leaks can occur. Switch on
the pump, attach the calibrated flowmeter to the sampling head so that it measures the flow through the sampler
inlet orifice, and set the appropriate flowrate with an accuracy of £ 5 %. Switch off the pump and seal the sampler

with a protec|

6.5 Prepdration of sampling equipment — Impingers

In an area fr
impinger and
tubing. Ensu

6.6 Colleq

In an area fr
nose as pos
causes the 1
protective co
if the pump i
air through th

Since it is po
every 2 h (on]
meter and re

not maintained to within + 5 % of the nominal valde-throughout the sampling period.

Regular obs
stabilized pu
flowrate is oy

At the end o
switch off thd
indicator, wh
interval betw
suggest that
its protective

Carefully rec

Ve COVET tO PreveTTt CoTtamnation during transport to- the sampling positior:

on into an
th suitable

pe from isocyanates and immediately before sampling, transfer 10 ml of the absorbing solut
assemble it. Place the impinger in a protective holder and connect to the sampling pump w
e that all connections are free from leaks.

tion of filter samples — Vapour phase samples

be from isocyanates, affix the sampler to the worker, on his/herNapel and as close to the mouth and
Sible. Place the sampling pump in a convenient pocket orattach it to the worker in a mgnner that
hinimum inconvenience, e.g. to a belt around the waist. When ready to begin sampling, remove the
ver from the sampler and switch on the pump. Record the-time at the start of the sampling geriod, and
5 equipped with an elapsed time indicator, ensure that'this is set to zero. Draw a measured|volume of
e sampler at a rate of 2,0 I-min~1. The recommended air volume is within the range 20 | to 9p0 I.

5sible for a filter to become clogged, monitor.the performance of the sample periodically, a npinimum of
more frequently if heavy filter loadings are suspected). Measure the flowrate with the calibrated flow-
cord the measured value. Terminate sampling and consider the sample to be invalid if the [flowrate is

brvation of the flow fault indicator is an acceptable means of ensuring that the flowrate of flow-
mps is maintained satisfactorily, provided that the flow fault indicator indicates malfunctionl when the
tside £ 5 % of the nominal value.

the sampling period;measure the flowrate with an accuracy of £ 5 % using the calibrated flowmeter,
sampling pump,‘and record the flow time and the time. Also observe the reading on the elapsed time
bre fitted. Copsider the sample to be invalid if the reading on the elapsed time indicator and the timed
een switching on and switching off the sampling pump do not agree to within £ 5%, since¢ this may
the sampling pump has not been operating throughout the sampling period. Reseal the sampler with
cover.and disconnect it from the sampling pump.

prdthe sample identity and all relevant sampling data. Calculate the mean flowrate by avegraging the

flowrate measurements throughout the sampling period, and calculate the volume of air sampled, in litres, by
multiplying the flowrate in litres per minute by the sampling time in minutes.

6.7 Collection of impinger samples — Vapour, or particulate phase samples with particles

>2 pum

The comments made above regarding monitoring flowrate and recording of sample identity also apply to impingers.
When used for personal sampling, the impinger should be mounted in the worker's breathing zone, e.g. on the
lapel. The impinger should be maintained in an approximately vertical position. Also check the impinger periodically
to ensure that the absorbing solution has not evaporated.
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Draw a measured volume of air through the impinger. The recommended sample volume is at least 15|, and the
recommended flowrate 1 I-min=1. If an 8-h sample is required, several shorter samples should be taken at 1 |- min-1
and summed. In practice, sampling is carried out over the period the worker is in contact with the isocyanate, which
is usually less than 8 h. It may be necessary to top up the impinger with dry reagent solvent during the sampling
period because of solvent loss due to evaporation.

6.8 Collection of impinger backed by filter samples — Other cases

In situations other than those covered by 6.6. and 6.7, a combination of an impinger and filter shall be used, as an
impinger or filter used alone is not always effective for collecting isocyanates [5, 6]. The problems lie with the
particles: particles less than 1 um to 2 um are collected poorly by impingers, and particles containing both
isocyanatd and polyol (generally somewhat larger) may not be derivatized eificiently with tiiter_dollection. An
impinger fpllowed by a filter will catch any small particles that pass through the impinger on the filter'and efficiently
derivatize the larger particles in the impinger.

For the combination of impinger backed by filter, a sampling rate of 1 I-min—1 is suggested.

6.9 Trapsportation

For transport to the laboratory, remove each filter from the sampler, place in a 50 mm x 35 mm glass vial
containing| 2 ml 1-2MP absorbing solution and cap the vial. If deposition from’ particulates is suspected, rinse the
inlet of thg sampler head with a little dilute 1-2MP solution.

For impinger samples, transfer the contents to a glass vial and seal with a PTFE-lined screw-cap. Rinse the

impinger and its inlet tube with a small volume of reagent solvent and add the washings to the Vial. It is not
necessary|to note the final volume of the solution or to make it up’to its original volume.

6.10 Blahks

Field blanks should be prepared by using samplers:identical to those used for test sampling and subjecting them to
the same handling procedure as the test samples;texcept for the actual period of sampling. Label thes¢ as blanks.

7 Prodedure

7.1 Safgety precautions

WARNING — This International Standard does not purport to address all of the safety concgrns, if any,
associated with its usé. )t is the responsibility of the user of this International Standard fo establish
appropriate health and-safety practices and determine the applicability of regulatory limitatipns prior to
use.

Wear disposablergloves during analysis to reduce the possibility of contamination and to protect thg¢ hands from
harmful sqlvents/reagents.

7.2 Cleaning of glassware

Before use, clean all glassware to remove any residual grease or chemicals. First soak overnight in laboratory
detergent solution and then rinse thoroughly with water.

7.3 Pre-reaction of impinger samples before HPLC analysis

Acetylation of unreacted 1-2MP reagent improves the chromatographic separation of isocyanate derivatives. After
sampling, transfer the contents of the impinger to a screw-cap vial as described above. Allow at least 24 h to
elapse from the time of sampling to ensure complete reaction of the isocyanate prepolymers. Pipette 100 pl acetic
anhydride into the vial and mix well. Evaporate to dryness, redissolve the residue in 2 ml acetonitrile and transfer to
a glass vial. Analyse using a liquid chromatograph (LC) as described below.

© 1SO 2001 - All rights reserved 7
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7.4 Pre-reaction of filter samples before HPLC analysis

Pipette 100 pl acetic anhydride into each glass vial containing the 1-2MP solution and filter paper and mix well.
Evaporate to dryness and redissolve the residue in 2 ml acetonitrile. Filter this solution into an autosampler vial,
using a syringeless filter or syringe filter of pore size < 0,5 um. Analyse using LC as described below.

7.5 HPLC

parameters

A variety of chromatographic parameters may be used for the analysis of organic isocyanates in solution. The
choice will depend largely on the nature of interfering compounds which may affect the chromatographic analysis.
Typical parameters are as follows:

Column
Column
Column
Flowratg
UV dete

EC dete
Retention tim

HDI, 6,0

MDI, 11

— TDI, 5,0
The retentiof
may mask th
mobile phas
concentrated
acetonitrile ¢
Where high

within the ca

See Figures

dimensions: 100 mm length x 4,6 mm ID
packing: Hypersil ODS 5 um (FSA Cartridge System)
temperature: 30 °C
;1 ml-min—1
ctor: 242 nm and/or diode-array detector
ctor: Coulochem?) | operating at a potential of + 0,7 V
es under these parameters:
min
5 min
min (2,6-isomer); 6,7 min (2,4-isomer)
times of prepolymer peaks may vary depending on the source of the prepolymer. The reg
e isocyanate monomer peak..J0.improve the separation, decrease the acetonitrile concentrg
and acetylate the sample)prior to analysis. If the LC back-pressure is high then us
buffer should improve this. For successful analysis of MDI, modify the mobile phase by
pncentration, e.g. with the above system 56 % acetonitrile will give an MDI retention time

concentrations are fednd, dilute the sample solutions with acetonitrile to bring the concentr,
ibration range. Répeat the analysis and record the dilution factor.

a)

1 to 4 for examples of typical chromatograms and a UV library match.

gent peak
tion of the
ng a less
increasing
Df 7,0 min.
ation back

2) Coulochem is an example of a suitable product available commercially. This information is given for the convenience of
users of this International Standard, and does not constitute an endorsement by ISO of this product.
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Figure 1 — Chromatogramsfor HDI-based pre-polymer
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Figure 2 — UV spectrum of HDI prepolymer (14,5 min) with library match vs. HDI monomer
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Figure 3 — Chromatogram for MDI monomer (EC detector)
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Figure 4 — Chromatogram for TDI-based industrial mix from stack emission monitoring (EC detector)

7.6 Determination of airborne isocyanate from monomers

Pre-react the samples and blanks as described above. Analyse by injecting a known fixed volume (10 pl to 20 pl) of
each standard solution into the LC and using EC detection as described below. A standardized injection technique
is required to obtain reproducible peak areas. Prepare a calibration graph of EC response (peak area) versus
analyte concentration in the standard solutions.

Inject the same fixed volume of the pre-reacted sample solution into the liquid chromatograph. Determine the EC

response and read the concentration of the analyte in the pre-reacted sample from the calibration graph. Analyse
the sample blank and the samples used to determine sampling efficiency in the same way.
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7.7 Determination of airborne isocyanate from prepolymers

For routine analysis of monomers, only EC detection need be used. If the presence of isocyanate prepolymers is
suspected, examine all peaks in the HPLC trace and calculate the ratio of the EC to UV response (at a given
wavelength) for each peak. Also analyse the corresponding isocyanate monomer derivative standard under the

same operating conditions. Normally, the monomer is present in the prepolymer chromatogram.

The ratio of the peak responses in the two detectors is expressed as follows:

y is the ratio of the polymer peak responses, EC detector response/ UV detector response

X is ther

Peaks that h
isocyanates.

To calculate
relative to the

With some
advisable to
times and i
calculated.

NOTE1 Id
response ratig

4 £l ! [ SR DY + S g oy +
ALV UT UIC THTUTTUTTITT PTAR TESPUTISTS, L UTICLLIUTN TTOSPUTISTT UV UTLICLLUT TTOPUTIST

ave a polymer/monomer relative response ratio (y/x) of 0,6 to 1,7 are assigned as being-de

the total isocyanate concentration in the sample solution, measure the EC response of th
e monomer derivative calibration graph, and sum these values.

repolymer preparations, it can take over 40 min to elute all the cemponents. In such g
modify the mobile phase after the initial run. Increasing the acetanitrile content will redy
nprove peak shapes in the latter portion of the chromatogram, “allowing accurate integ

pally, the (y/X) ratio would be 1, i.e. polymeric and monomerig.isocyanates would have the same
. In practice the UV response for monomers and polymers\are different. It has been found emy

isocyanates give ratios of (y/X) between 0,6 to 1,7 [7].

NOTE 2 Th
detector. It is
in a series of
monomer and

7.8 Confi

In addition to
if a bulk sam

b detector response ratio varies with isocyanate typesand from day to day, depending on the conditio
hlso dependent on the wavelength of the UV detecter'and the potential at which the EC detector is s
analyses performed on the same day, this ratio should remain approximately constant for a given
its derived prepolymers.

mation of identification for isocyanate prepolymers

ple of the process prepolymer is available. This can be achieved by comparing retention ti

bulk and sanjple chromatograms. This.approach may not be successful for end-capped or stoved isocyar

In principle,
modification
compounds.
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peaks in the samplé chromatogram may not correspond with those in that of the bulk
of the prepolymercan take place in the atmosphere, e.g. by partial reaction with atmosph
If partially reacted species exist, the EC response of the prepolymer 1-2MP derivative shg
to the number of free NCO groups remaining, since this is primarily a function of the

methoxyphenyl groups,vhot of the isocyanate matrix.

The use of d

iode-array detection (DAD) is also of use for confirmation that a peak is isocyanate-derive

detection, or

rived from

pse peaks

ases, it is
ce elution
rals to be

EC to UV
irically that
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t. However,
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the ratio method described-above, it may be possible to confirm the presence of isocyanatg polymers

mes in the
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uld still be

attached
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t against

monomer and bulk derivative standards. Peak purity routines can be run to detect co-eluting compounds and
library matching carried out to aid identification. It has been found that isocyanate prepolymers give DAD spectra
that closely match that of the parent monomer. DAD also allows the use of gradient elution to decrease run times
and improve peak shapes for any late-eluting peaks. Running a gradient up to 100 % acetonitrile should remove
any highly polymerized isocyanates if these compounds are suspected to be present. It may also be useful to
replace the variable-wavelength UV in the HPLC/UV/EC system with a DAD detector, although there may be some
loss of sensitivity. Gradient elution is not suitable for EC detection, as the response factors of the EC are
dependent on mobile-phase composition.

Other techniques may also be used for confirmation of identity. A fluorescence detector has been found to give
acceptable results for the quantification of isocyanate monomers (4, =280 nm, A, = 360 nm). For polymeric

isocyanates, these conditions are suitable only for confirmation [7]. Liquid chromatography with mass
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spectroscopic detection has also been used to confirm peak identity [8]. Titration or Fourier-transform infrared
spectrometry can be used to determine isocyanate content, if an underivitized bulk sample is available. Other
useful sources of information for underivitized bulks are safety data sheets or manufacturer's information [9,10].

7.9 Sampling efficiency

Sampling efficiency (E) may be less than 1,0 (100 %) due to incomplete absorption, particularly if a large volume of
air is taken or the sampling rate is too high. See annex A for a method for determining sampling efficiency.
Alternatively, use two samplers in series and add the results of the isocyanate determination for each. Normally,
sampling efficiencies are in the range 0,95 to 1,05. Correct for incomplete absorption if the sampling efficiency falls
below 0,95 under the sampling conditions used.

8 Calcpulation of mass concentration of analyte

Calculate fhe volume, Vs in litres, of each air sample. Calculate the isocyanate concentration in the gample (in pg
NCO/ml), py comparison with standard solutions. Correct for blanks and sampling efficieqcy as follows

Cy =] (c—cp) -1000-Vy/E-Vg

m i3 the concentration of total isocyanate in the air sampled, in micrograms isocyanate per cubi¢ metre;

c i3 the concentration of total isocyanate in the sample, micrograms isocyanate per millilitre;
C, i¢the concentration of total isocyanate in the blank)micrograms isocyanate per millilitre;
E ig the sampling efficiency;

s i the volume of air sampled, in litres;

Vy4 i3 the desorption volume, in millilitres.

NOTE f it is desired to express concentrations reduced to specified conditions, e.g. 25 °C and 101 kPa, then:
o 4 101 T+273
p 298
where
C. igthe cancentration of total isocyanate in the air sampled, reduced to specified conditions, in micrograms isocyanate

per.cubic metre;

p s the actual pressure of the air sampled, in kilopascals;

T s the actual temperature of the air sampled, in degrees Celsius.

9 Interferences

The sampled atmosphere may contain compounds which give chromatographic peaks under the conditions chosen
for LC analysis. In particular, aromatic amines frequently occur in association with isocyanates. The method of
identification described above using detector response ratio, DAD detection, and if necessary fluorescence or MS
detection should enable an accurate identification to be made. If interfering compounds are known or suspected
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