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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
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Scope

b topic of measuring airborne isocyanates is complicated. Finding the most appropriate samplir
] method to use to assess the air concentration of a particular isocyanate product, can be dau
delines in this Technical Report are intended to provide industrial hygienists, employers and wor|
ad overview of isocyanates, their uses in industry, methods of measurement and guidance on ch
bropriate sampling strategy. While not all issues can be addressed herein ‘detail, this Techn
cusses areas of concern to alert the industrial hygienist, employer and~worker involved with
cyanates to the importance of sampling and the key issues involved (nychoosing a sampling s
ir workplace, and directs them to seek further information on the topie(s) of concern.

Isocyanates

aliphatic molecule. Compounds containing nucleophilic groups with active hydrogen react r

h alcohols and phenols to form urethane compaounds.

0
]
R—N=C=0 + HO—R, —» R1—lil—C—O—R2
H

a) Reaction with an alcohol to form a urethane

]
R—N=C=0 + HIN —R, —» R1—Iil—C—l\|l —R,
R, H R,

b) Reaction with an amine to form a urea
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cyanates are compounds which contain one or more =N=C=0 functional groups attached to an aromatic or

badily with

cyanates, as in the reaction with primary and secondary amines to form urea compounds and the reaction

R—N=C=0 + H,0 —» R—NH, + CO,

c) Reaction with water to form the corresponding amine

Figure 1 — Reactions of isocyanates
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Exposures to isocyanates may result in respiratory disorders and dermal sensitization and are one of the main
causes of occupational asthma. As a result, isocyanates are among the compounds with the lowest
occupational exposure limits (OELs), the maximum exposure level recommended to avoid unreasonable risk
of disease or injury. Their presence in different exposure situations must be monitored.

3 Where are isocyanates found in industry?

Isocyanates with a functionality (number of NCO groups) of two or more are used in the production of
polyurethanes (PUR). The most common isocyanates used in the production of flexible and rigid PUR foams
are the a : 3jor
aliphatic isocyanates, which are used predominantly in coatings and elastomers, are hexamethylgne
diisocyangte (HDI) and isophorone diisocyanate (IPDI).

Within indystry, technical grade isocyanate products are mainly used. In most cases, these produets consist of
different monomeric isomers and oligoisocyanates that have different functionalities, and are\often referred to
as polyisopyanates of the diisocyanate monomer. The most frequently used TDI products consist of fwo
isomers, 2/4- and 2,6-TDI. Technical MDI products, often referred to as polymeric MDI (pMDI), are mixtureg of
monomeri¢ MDI isomers and higher molecular mass polyisocyanates. Technical\ HDI products used| in
applicatiorfs such as spray-painting typically contain less than 1 % of the HDI ‘monomer, with the major
components HDI isocyanurate and/or HDI biuret and oligomers thereof. Anodther route to polyisocyanpte
production| is the reaction of di- or polyfunctional alcohols with an excess of\isocyanate molecules, which
results in| prepolymer mixtures of isocyanates. In addition to improved chemical handling properties,
prepolymers also reduce the risk of exposure to vapours from the isocyanate by reducing the amounf of
monomer present in the product.

2 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=760addce2000995ff9a6fc66300b65a4

ISO/TR 17737:2007(E)

Table 1 — Examples of activities/industries where isocyanates are used and/or generated

Activity/industry

“Cold” handling

“Hot” handling

Automotive industry, ships, aircraft and
trains

Painting, filling, sealing, windscreen
assembly, bonding, manufacturing of
composites, roof-liner pressing,
acoustic panel processing, truck bed
lining

Cutting, welding, grinding, windscreen
removal, removal of underseal

Sealing, bonding, painting, caulking,

Handling of mineral wool, mat welding,

Building floor and wall coverings, insulation and | copper pipe welding, paint removal,
reofing pipe-instlatie
Clothing and leisure industry Manufacture of PUR-textile, shoes and Flame lamination

sports grounds and equipment

Elgctrical and electronics

Packaging, gluing, casting

Soldering circuit boards, conpecting
optical fibres afhd.varnished Wires, cable
insulation, héating Bakelite

P4jint industry

Manufacturing, automotive and
industrial painting

Removalof paints and varnighes with
heat

Manufacturing with hot-box téchnique,

Foundry Manufacturing of cold-box cores Gadting cores and shell sand

Grpphic trades gﬁﬂ#ﬁgﬁ”ng of printing inks, Curing, lamination

Fobdstuffs Food packaging Repair pf conveyors, heat sepling of
packaging materials

Plastics industry Manufacture of foam, gutomotive Hot wire cutting

fittings

Tupnelling and mining

Sealing, rock consolidation

Self-ignition may occur

Wood and furniture

Manufacture\of composite wood
panels, use of adhesives, varnishing,
upholstery padding, painting

removal
hot air gun

Pressing, cutting and routing
of paints and varnishes with

Engineering

Ghiing, manufacture of elastomers,
painting, insulation, fixatives

Repairs and removal of polyyrethane
materials with heat

Wihite goods industry

Manufacture of refrigerators and
freezers (PUR insulation), painting

Mineral wool insulation — Quality
assurance (QA) checks, repgirs

Mddical care

Bandaging, casting, filling, equipment

Fire extinguishing

Mineral wool, polyurethane in furniture

and interior fittings

4 | Airborne isocyanates

Airporne isocyanates in workplace atmospheres can occur both in the gas and particle phase. The
depends on the physical properties of the isocyanate and on the nature of the work tasks tha

Histribution
introduce

isocyanates into the air. Monomeric TDI and HDI have vapour pressures (at room temperature) that are
sufficient to contribute to air levels of gas-phase isocyanates above the OELs; whereas MDI, adducts of HDI,
and prepolymers have vapour pressures that are much lower and, consequently, the gas phase levels will be
lower than the OELs (at room temperature). If aerosolization occurs, the air concentrations can be higher than
the OEL even if the vapour pressures are low. Airborne particles containing isocyanates can also contain
polyols and other ingredients of the formulation that can react with the isocyanates (reacting aerosol).

Polyurethanes start to thermally degrade at temperatures above 150 °C to 200 °C, possibly resulting in the
emission of monomeric diisocyanates, monoisocyanates, aminoisocyanates, and amines both in gas and
particle phases. Like polyurethanes, urea based resins can also release isocyanates when heated and
material safety data sheets may not contain sufficient information regarding compounds that can be formed

during thermal decomposition.
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5 Alternatives for sampling

5.1 General

Great care must be taken to ensure that representative samples are collected. The analyst and/or industrial
hygienist must consider the physical state of the isocyanate(s) likely to be present in the atmosphere being
sampled. For example, the isocyanate(s) may be present as a vapour and/or aerosol, or the isocyanate may
be coated on another medium, e.g. wood dust. All the above must be considered when selecting a method for
monitoring workplace exposures.

The mechanisms_for Q:\mr\ling r\nmpmlnde in_the gas. and r\arﬁr\ln Inhaen differ_Gas Inhaen anr\nlmde are

typically cpllected by diffusion of molecules to a solid or liquid surface within the sampler. Collectian| of
airborne particles is typically achieved by filtration or by impaction.

5.2 Impfregnated filters

Filter sampling with a filter impregnated with a derivatizing reagent is commonly used fof \the collection of
isocyanatds. Both gas and particle-borne isocyanates can be efficiently collected. However, in some
circumstarjces when collecting particles, incomplete derivatization with the reagent{may occur due to the
presence pf other reactive species in the particle. In these instances, field extraction immediately after
sampling [improves the derivatization and minimises problems with intérfering reactions. If fthe
physical/chemical composition of the air being sampled is unknown, samples_should be collected using|an
impinger ¢ontaining a derivatizing agent with filter backup (see 5.3). Reagent-impregnated filters gre
recommended for gas-phase isocyanates.

5.3 Impjnger (and filter)

Sampling with a typical industrial hygiene midget impinger containing a derivatizing agent with a reaggnt-
coated filtgr [except for di-n-butylamine (DBA)] in series enables the collection of gas- and particle-phase
isocyanatds. Isocyanate-containing particles <2 ym areypoorly collected by impingers; however, they gare
efficiently ¢ollected by the filter. (Examples of particles~«<2 ym are condensation aerosol formed from cooljng
of isocyangte vapour, combustion/thermal degradation’aerosol and, to some degree, paint-spray.)

In situatiopns where the physical/chemical nature of the atmosphere is unknown, use of the impinger/filter
combinatign is the most appropriate approach to ensure that the widest range of isocyanate specieq is
efficiently ¢ollected and derivatized. If thé\nature of the aerosol is known and a negligible fraction of partidles
<2um arI present, sampling can be performed (simplified) without a filter in series. Collected particles are
dissolved @nd derivatized.

Impinger sampling is cumberseme and there is a risk of breakage and spillage. In addition, impinger solvents

are often yolatile (such as ‘ojuene), limiting sampling time and generating solvent vapour in the vicinity| of
sampler. Impingerf/filter is,the recommended sampler when sampling a reacting aerosol.

5.4 Sorpent tubes

Historically, a small glass cylindrical tube packed with an inert support, e.g. glass powder or glass wool that
has been|impregnated with a derivatizing agent, is used. This technique is primarily for vapour-phgse
isocyanates. Impregnated sorbent tubes require a reagent-coated filter at the front or at the back for collection
of both gas and particle-borne isocyanates. For efficient derivatization, the tube needs to be extracted
immediately after sampling.

5.5 Denuder filter

A denuder sampler consists of a cylindrical tube, and as air flows through the tube, the gaseous molecules
diffuse from the air stream to the walls, where they either are adsorbed or react with a reagent coating. The
majority of the particulate phase in the air stream passes through the denuder unaffected and is collected on a
reagent-coated filter. If the tube is coated with a suitable derivatizing reagent and subsequently analysed, the
sampler can be used to separate vapour and particle phase species; however, the limitations previously
explained under impregnated filters (5.2) in the presence of reacting aerosols also apply to this technique.

4 © 1SO 2007 — All rights reserved
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5.6 Diffusive sampling

A reagent-impregnated filter or other absorbing material is placed behind a membrane or diffuser. Gas-phase
isocyanates diffuse at a certain rate towards the reagent. The simple design makes it desirable for personal
sampling, but diffusive samplers are suitable for monitoring isocyanate vapours only. Some diffusive sampling
badges enable measurement in the field immediately after sampling. Other diffusive samplers require

laboratory analysis analogous to filter and impinger samples.

6

Direct reading instruments

Se)eral direct reading paper tape instruments are available where air is sampled continuously on
impregnated paper tape. The developed colour is optically read or stored in memory for\futur
Ingtantaneous and long-term exposure profiles can be derived using paper tape instruments
mgasurement uncertainty may be large. Generally, direct reading instruments are calibfated for theg
angl are only suitable for quantifying isocyanates in the vapour phase but they are'\not specific g

a reagent-
b retrieval.
however,
monomer
nd will not

differentiate the monomers if a mixture is present. The range of these instruments. may vary and require a

separate calibration for each isocyanate; however, all have adequate sensitivity;-i.e. to measure|below the

OHL, and are convenient to use.

The paper tape technology has been adapted in a variety of techniques™ofr a quick “yes/no” answgr in many

crifical situations. Some examples are listed below.

—| The portable active spot colorimetric sampler is a/spot sampling device that can beg used for
measuring vapour and, qualitatively, condensation aerosal levels of isocyanate compounds sugh as MDI,

lor]
are

=

7
iS¢

7.1

1S(

TDI, or HDI down to 1 x 10-12 [i.e. 1 part per billiork(ppb)]. In operation, a test card with the reactive

paper tape is placed in a holder while a pre-calibfated pump pulls a measured air sample
(5 min). The intensity of the resulting colour *stain is directly proportional to the conce
isocyanate vapour present. The developed:® stain is visually matched against a co
comparator/calculator, providing a readout of.éoncentration in parts per billion.

Diffusive badges are commercially available for both short- and long-term personal monitorin
isocyanates. The stain developed en the diffusive badges can be read using visual colour com
an optical densitometer for bettér,accuracy and reliability. The considerations mentioned for|
tape instruments also apply to badges.

mobility spectrophotometers’ (IMS) are also used for the online analysis of workplace air; how
only suitable for quantifying isocyanates in the vapour phase.

Short description of four proposed and/or adopted methods for airborne
pcyanates

DBA:method

D A7 734-1, Determination of organonitrogen compounds in air using liquid chromatography
DA
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ISO 17734-2, Determination of organonitrogen compounds in air using liquid chromatography and mass
spectrometry — Part 2: Amines and aminoisocyanates using dibutylamine and ethyl chloroformate derivatives

The sampler consists of an impinger containing a toluene solution of DBA with a glass-fibre filter placed in
series after the impinger. Solvent-free sampling is performed using a sampler consisting of a tube with an
inner wall coated with a filter, coupled in series with a filter. The filters are impregnated with equimolar
amounts of DBA and acetic acid, which reduces evaporation of the volatile DBA.
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7.2 Double-filter method

ASTM D5932-96, Standard Test Method for Determination of 2,4-Toluene Diiso cyanate (2,4-TDl) and 2,6-
Toluene Diisocyanate (2,6-TDI) in Air (with 9-(N-Methylaminomethyl) Anthracene Method) (MAMA) in the
Workplace

(See also ASTM D6561-00, Standard Test Method for Determination of Aerosol Monomeric and Oligomeric
Hexamethylene Diisocyanate (HDI) in Air with (Methoxy-2-phenyl-1) Piperazine (MOPIP) in the Workplace,
and ASTM D6562-00 Standard Test Method for Determination of Gaseous Hexamethylene Diisocyanate
(HDI) in Air with 9- (N-methy/am/nomethy/) Anthracene Method (MAMA) in the Workp/ace The foIIowmg
standard ig—+ A
double-filtgr sampler and ana/ys:s by liquid chromatography

The sampler is a two-stage filter sampler where the first stage is a polytetrafluoroethylene (PTFE) filter which
physically [traps airborne particles and is subsequently immersed in MP solution to derivatize ((stabilize) any
trapped is¢cyanate species immediately after sampling. The second stage consists of a glass=fibre filter (GFF)
impregnatéd with 9-(methylaminomethyl) anthracene (MAMA) positioned after the PTFE. filter, where any
isocyanatd vapours present in the air sample are instantaneously derivatized. Similar to)aother filter methogds,
both gas and particle-borne isocyanates can be efficiently collected; however, becduse the first stage filter
(PTFE) is|devoid of any derivatizing reagent (to stabilize the isocyanate) the sampler should not be uged
where thefe are possibilities of trapped isocyanate species reacting with otherZéompounds, e.g. sampling
reacting agrosols or sampling for prolonged periods.

7.3 MAP method
NIOSH, Isocyanates, Total (MAP): Method 5525. The following standard is under preparation: 1SO 17735,
Workplacd atmospheres — Determination of total isocyanate grotups in air using the 1-(9-anthracenylmetfyl)
piperazine| (MAP) reagent and liquid chromatography.

Depending on the environment to be sampled, the sampler can consist of a MAP-impregnated filter, [an
impinger containing a solution of MAP in butyl benzoate,‘0r a MAP impinger followed by a MAP-impregnated
filter.

7.4 MP method

ISO 16704:— "), Workplace air quality —. Determination of total organic isocyanate groups in air usjng
1-(2-methaxyphenyl)piperazine and liquid.chromatography

The sampler consists of an impinger-containing a toluene solution of 1-(2-methoxyphenyl)piperazine (MP) With
an MP cogted filter placed in series-after the impinger. Solvent-free sampling is performed with a glass-fipre
filter coated with MP.

1) To be published. (Revision of ISO 16702:2001)
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Table 2 — Summary of isocyanate sampling/analytical methods

Method
DBA Double-filter MAP MP
Sampling:
Phase separation a
. — —+ - —_
(vapour/particle)
Efficient collection b b b b
(small particle) + + + +
Non-impinger version
. c + + + +
avlallable
Mpximum sampling 0,25 - 8 0,25 10 0,25 - 8¢
time (hours) e ’ P
Agcurate analysis of:
Unknown species
— _ e
(identification) © * +/ \\ +
Lgaw-molecular mass
sgecies + +/- +/- /-
(e|g. methyl NCO) f
Ulrstable species + +9 + +
V+Iatile species + +2 + +
L%rge particles + yh + +
A+1ino isocyanates + - - -
P||e-po|ymers - - - -
NCO group ) )
+ -& + Lk
(djrect measure)
CJ)st: +/ = + +/- +
@ | Volatile aerosols initially capturédion the front filter can be lost to the second filter. Though phase separation is lost] the volatile
isqcyanate species are detected @n the second filter. Similarly, active interferences (e.g. alcohols) may, in isolated instancds, react with
nop-derivatized isocyanates op-the first filter, even with short sampling times.
b | All the methods employ@/final filter to reduce impinger losses of smaller particles. The filter must be desorbed in the fidld.
C | Filter-based methods are more convenient to use. However, for some low molecular mass isocyanates, impinger methods may be
legs prone to vapotirbreakthrough. The double-filter method is already a non-impinger method.
d [ The shor time in the range refers to the impinger version of the method. The long time period refers to the filter (ho impinger)
vefsion. Awoen-volatile solvent (as in the MAP method) provides for a longer sampling time than impinger methods ysing volatile
so|vents.
€ | “The MP and MAP methods were designed for NCO functional group concentration measurement. Unknown spegies can be

identified 1T an VIS detector 1s used during MP analysiS. The double-filter method was designed 1o measure speciic Isocyanates.

f Methyl isocyanate and isocyanic acid can be readily determined by the MP method, providing a backup filter is used.

9  The double-filter method is designed for short-term sampling with field extraction and would therefore only account for species that
are stable over the sampling period.

h" The filter must be extracted (desorbed) in the field to prevent loss of isocyanate-containing large particles.
i The DBA method relies on MS and deuterated internal standards for calibration.

j MAP-isocyanate derivatives exhibit a constant UV response for NCO-group measurement. The introduction of a second
independent detector can be used to identify isocyanates.

K The MP method uses two independent detectors (UV and EC) for identifying isocyanates. In addition, MS detectors can also be
used, providing reference materials of the pure derivatives are available.
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