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Analytical Instrument Performance Criteria

Selecting Isocyanate Sampling and Analytical Methods
Kevin E. Ashley, Ph.D., Column Editor

Reported by Robert P. Streicher,
Christopher M. Reh, Rosa Key-Schwartz,
Paul C. Schlecht, Mary Ellen Cassinelli, and
Paula Fey O’Connor

Isocyanate-containing compounds
are used in the production of a wide va-
riety of surface coatings, polyurethane
foams, adhesives, resins, elastomers,
binders, and sealants. Examples of po-
tential worker exposures to isocyanates
in automobile painting and mining
applications are shown in Figure 1.
Selecting the most appropriate sampling
and analytical methods for isocyanates
in a speci� c workplace environment is
dif� cult for the following reasons: Iso-
cyanates may be in the form of vapors
or aerosols of various particle sizes; the
species of interest are reactive and, there-
fore, unstable; pure analytical standards
exist only for monomeric isocyanates;
and low limits of detection are needed.
As a result, errors can be introduced dur-
ing several stages of the sampling and
analytical procedures. If an inappropri -

ate method is selected, the result may be
either a gross underestimation of the ex-
posure or a failure to detect airborne iso-
cyanates. Therefore, the ability to select
the best analytical method is critical for
an accurate assessment of the worker’s
isocyanate exposure.

A further complication is that most
exposure standards address only a few
isocyanate monomer species, even
though many isocyanate formulations
commonly used in today’s industry have
been reformulated so that monomers are
only a small fraction (frequently less than
1%) of the isocyanate species present.
Moreover, current exposure standards
may be expressed in terms of the
concentration of a speci� c isocyanate
compound (e.g., National Institute for
Occupational Safety and Health Rec-
ommended Exposure Limits [NIOSH
RELs]), concentration of bulk poly-
isocyanate product (e.g., Bayer Manu-
facturer Guideline Level), or concen-
tration of isocyanate functional group
(e.g., United Kingdom Health and Safety

Executive Total Reactive Isocyanate
Group [TRIG] standard). As a result,
many employers do not understand that
most exposure standards are similar if
molecularweights and the number of iso-
cyanate groups per molecule are taken
into account.

Because of analytical limitations, the
dif� culty of dealing with reactive, un-
stable mixtures, the failure of current
exposure standards to keep pace with for-
mulation changes, and a general lack of
understanding that many exposure stan-
dards for various isocyanate species are
similar have led to confusion. This con-
fusion makes it dif� cult for laboratories
and industrial hygienists to encourage
clients (particularly small businesses) to
use the best analytical method to assess
health risks, especially when that method
is not speci� ed by regulation, may not be
convenient to use, or is more costly.

Isocyanate Exposures
The feature common to all diiso-

cyanates (monomers) is the presence of

FIGURE 1
Auto body spray painting and mine shaft foam sealing.

157



158 R. P. STREICHER ET AL.

(a) 2,4,-TDI monomer.

(b) Polyisocyanate of TDI.

(c) Prepolymer adduct of TDI and
trimethylol propane.

FIGURE 2
(a) Toluene diisocyanate monomer,

(b) oligomer, and (c) adduct.

two N C O (isocyanate) functional
groups attached to an aromatic or
aliphatic parent compound. Examples of
isocyanate compounds, i.e., toluene di-
isocyanate (TDI) monomer, oligomer,
and prepolymer adduct therefrom, are il-
lustrated in Figure 2. Industry has made
an important contribution to reducing
isocyanate exposures by replacing low-
molecular-weight isocyanate monomers
with higher-molecular-weight isocyan-
ate species that have similar character-

istics but are less volatile and, therefore,
have a lower risk of inhalation exposure.

As a result, many prepolymer and
polyisocyanate formulations commonly
encountered in industry contain only a
small fraction (usually less than 1%)
of unreacted monomer. For example,
the biuret of HDI consists of three
molecules of HDI monomer joined
together to form a higher-molecular-
weight oligomer having similar charac-
teristics to those found in the monomer.
Also, many MDI product formula-
tions consist of a combination of MDI
monomer and oligomers (known as
polymethylene polyphenyl isocyanate or
polymeric MDI).

Not only are workers potentially ex-
posed to a complex mixture of unreacted
monomer, prepolymer, oligomer, and/or
polyisocyanate species found in a given
product formulation, they can also be
exposed to partially reacted isocyanate-
containing intermediates formed dur-
ing polyurethane production. In ad-
dition, isocyanate-containing mixtures
of vapors and aerosols can be gen-
erated during the thermal degradation
of polyurethane materials. Examples
of such situations include welding of
polyurethane-coated surfaces and break-
down of polyurethane binders present in
foundry molds.

Exposure Standards
Exposure to isocyanates is irritating

to the skin, mucous membranes, eyes,
and respiratory tract. The most com-
mon adverse health effect associated
with isocyanate exposure is asthma due
to sensitization; less prevalent are con-
tact dermatitis (both irritant and allergic
forms) and hypersensitivity pneumonitis
(HP).

All isocyanate species formed dur-
ing polyurethane production and ther-
mal degradation, including monomers,
prepolymers, oligomers, and polyiso-
cyanates, are capable of producing irri-
tation to the skin, eyes, mucous mem-
branes, and respiratory tract. Preva-
lence estimates for isocyanate-induced
asthma in exposed worker populations

vary considerably—from 5 to 10 percent
in di-isocyanate production facilities to
25 percent in polyurethane production
plants, and 30 percent in polyurethane
seat cover operations. Experience has
shown that both monomeric and polyiso-
cyanate species are capable of produc-
ing respiratory sensitization in exposed
workers. After sensitization, any expo-
sure, even to levels below existing oc-
cupational exposure limits or standards,
can produce an asthma-like response,
which may be life threatening.

Workplace inhalation exposure crite-
ria have been established by a number
of organizations, including the National
Institute for Occupational Safety and
Health (NIOSH) Recommended Expo-
sure Limits (RELs),(1) the American
Conference of Governmental Industrial
Hygienists (ACGIH°R ) Threshold Limit
Values (TLV°Rs),(2) and the Occupa-
tional Safety and Health Administration
(OSHA) Permissible Exposure Limits
(PELs).(3) These exposure criteria are for
diisocyanate monomers.

Table I contains a comparison of
the respective NIOSH RELs, ACGIH°R

TLV°Rs, OSHA PELs, and United King-
dom Health and Safety Executive
(UK/HSE) exposure criteria for iso-
cyanates. The UK/HSE has taken a
unique approach, i.e., developing a non-
speci� c standard based on the total
number of reactive isocyanate groups
(TRIG) in a volume of air.(4) U.S. and
U.K. isocyanate exposure standards are
more similar than they may at � rst ap-
pear, if molecular weights and number
of isocyanate groups per molecule are
taken into account. In general, U.S. lim-
its for six di-isocyanate monomers and
UK/HSE TRIG limits listed in Table I are
based on an 8-hour time-weighted aver-
age (TWA) exposure of approximately
� ve parts per billion (ppb), or a short-
term (ceiling)exposure of approximately
20 ppb.

Both the U.S. and U.K. exposure stan-
dard approaches have limitations. The
traditional substance-speci� c approach
in the United States only covers a small
number of monomeric di-isocyanate
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TABLE I
NIOSH, ACGIH°R, OSHA, and UK/HSE exposure criteria for isocyanates

Exposure criteria—full-shift TWAs Exposure criteria—short-term or ceiling limits
micrograms per cubic meter of air micrograms per cubic meter of air

(¹g NCO group per cubic meter of air) (¹g NCO group per cubic meter of air)

NIOSH ACGIH°R

Isocyanate NIOSH ACGIH°R REL ceiling TLV°R-STEL UK-HSE OSHA PEL
species REL TLV°R UK-HSE 10 min. 15 min. ceiling ceiling

TDI CA-LFC1 36 (17) None None 140 (68) None 140 (68)
MDI 50 (17) 51 (17) None 200 (67) None None 200 (67)
HDI 35 (18) 34 (17) None 140 (70) None None None
HMDI None 54 (17) None 110 (35) None None None
IPDI 45 (17) 45 (17) None 180 (68) None None None
NDI 40 (16) None None 170 (68) None None None
TRIG2 None None 20 None None 70 None

1NIOSH considers TDI to be an occupational carcinogen (CA), and recommends that exposures be reduced to the lowest feasible concen-
tration (LFC).

2Total reactive isocyanate group.

species (currently TDI, MDI, HDI,
HMDI, IPDI, and NDI), and does
not address the wide variety of iso-
cyanate species and mixed isocyanate
exposures where nonmonomeric species
are the major isocyanate component.
Conversely, the UK/HSE total reac-
tive isocyanate group (TRIG) standard
does not take into account that polyiso-
cyanate species may be less toxic than
monomeric species.

Sampling and Analytical
Method Selection

The capability to measure all iso-
cyanate-containing substances in air,
whether they are in monomer, prepoly-
mer, oligomer, or polyisocyanate forms
found in the original formulation, or in-
termediate forms produced during the
industrial process, is important when
assessing a worker’s total airborne iso-
cyanate exposure. All published sam-
pling and analytical methods have sig-
ni� cant limitations. Table II summarizes
OSHA and NIOSH isocyanate meth-
ods, and gives the criteria for choos-
ing a method. Selection depends on
(1) the chemical nature of the isocyanate
species, (2) the physical state of the iso-
cyanate species, (3) the cure rate of the

product, (4) the required sampling time,
(5) whether personal or area sampling
is required, and (6) the sensitivity of
detection needed, as shown in Table II.
Measurement accuracy, selectivity, and
sensitivity are considered for the entire
sampling and analytical measurement
process including collection, derivati-
zation, sample preparation, separation,
identi� cation, and quanti� cation.

Unfortunately, the need to measure
highly reactive isocyanate species at
low levels is frequently in con� ict with
the desire of industrial hygienists and
chemists to choose methods that are con-
venient to use in the � eld and easy to
run in the laboratory. It is also in con-
� ict with the desire of employers to select
the least expensive method for monitor-
ing, or to conduct monitoring limited to
demonstrating compliance with existing
U.S. regulatory exposure standards.

The information in Table II is used
to select methods for NIOSH research
studies and health hazard evaluations.
It is provided when employers, indus-
trial hygienists, or laboratories request
NIOSH technical assistance concerning
isocyanate methods. A thorough discus-
sion of the sampling and analytical is-
sues, as well as the advantages and dis-
advantages of isocyanate sampling and

analytical methods used in the United
States and abroad, is contained in
both the NIOSH Manual of Analytical
Methods (NMAM),(5) and in an updated
article on the subject.(6)

All isocyanate sampling and analyti-
cal methods have signi� cant limitations
that affect the ability to ensure that ex-
posures are minimized and controlled.
These limitations also affect the abil-
ity of regulatory and voluntary standard-
setting organizations to set exposure
standards. More research is needed to
resolve the limitations of current sam-
pling and analytical methods. Such re-
search is ongoing at NIOSH and else-
where in government, in academia, and
in the private sector. Therefore, this
guidance is subject to revision as iso-
cyanate exposure standards change, and
as new or improved isocyanate mea-
surement methods are developed and
published.

This article is an update of one previ-
ously published.(7) A more complete dis-
cussion of isocyanate sampling and anal-
ysis considerations, isocyanate health
effects, and isocyanate exposure stan-
dards is presented in a chapter of the
NMAM,(5) and in a similar American
Industrial Hygiene Association Journal
article.(6)
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