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I. INTRODUCTION

Isooysnates are widely used in the Air Force as compoments in coatings,
varnishes, foams, and adhesives. The basic chemical structure of am iso-
cyanate is:

R-N=C=9

where R represents some aromatic or aliphatic group. The primary aromatic
isocyanates used in the Air Force are tolueme diisocyanate (TDI), used to form
flexible foams, and diphenyl methane diisocyanate (MDI), which forms rigid
foams, Hexameothylene diisocyanate (HDI), an aliphatic isocyanate, is s compo~
nent in polyurethane paints, Exposure to isocyanates can cause allergic
sensitization in susceptible individuals, aggravation of existing respiratory
problems, a decrease in respiratory capacity, and irritation of the skin and
mucous membranes of the eyes and respiratory tract.

Colorimetric procedures for detecting aromatic isocyanates have existed
since they were first widely used in the early 1950s, However, analytical
procedures for detecting aliphatic isocyanates have not been available until
relatively recently. In 1980, in Volume 6 of its Manual of Analytical
Methods, NIOSH published a chromatographic method which can detect both aro-
matic and aliphatic isocyanates, In December 1981, the USAF Occupational and
Environmental Health Lasboratory (USAF OEHL) initiated trial use of the method
at base level, The primary task of the USAF OEHL Industrial Hygiene Branch
was to provide a field evaluation of the method for HDI-sampling during air-
oraft spray painting operations. A secondary objective was to field test the
mothod for TDI/MDI sampling during foam operations, The following report
details the procedures and results of the fieid evaluation,

II. BACKGROUND

The isocyanate method tested by the USAF OEHL is a variatiom of NIOSH
Method No. P&CAM 326, which is based upon the chromatographic method of Vogt,
Ko, and Ryan (9), In this method, N-p—nitrobenzyl-N-propylamine, otherwise
known as nitro resgent, is coated on fibrous glass wool which is then placed
inside a shortened section of Pasteur pipette. When air is drawn through this
sampling tube, the isocyanate reacts with the nitro reagent to form the ures
dorivative of the isocyanate. The urea derivative of the isocyanate is then
oluted from tho glass fiber in the laboratory and detected usiag High
Performasnce Liquid Chromatography (HPLC).

In two previous aircraft spray paint surveys for HDI, the USAF OEHL used
an earlier NIOSH method, No. 240, in which the same chemical reaction occurs
in & toluene/nitro solution in an impinger (2,6). Prior to these surveys,
the USAF OEHL also pexformed’ two HDI surveys using the DuPont method (1,3).
The DuPont method is a colorimetric procedurs using a midget impinger contain-
ing a dimethyl sulfoxide-hydrochloric acid absorbing solution, Neither of
these impinger methods is satisfactory for routine sampling at the base level,

However, sampling for TDI and MDI has been possible at base level using
the Bendix Air Analysis Kit and the MDA 7005 tape monitor. The Bendix sam—
pling method is a semiquantitative variation of the Marcali method. This
colorimetric method, whicih is specific for aromatic isocyanates, slso requires
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impingers and is subject to negative interference by tertiary amines, The MDA
7005 tape monitor detects and measures the change in optical demsity which
occurs when TDI or MDI react with a chemically impregnated paper strip. NIOSH
recommends the tape monitor as a valuable method for continuous monitoring of
aromatic isocyanates, particularly TDI (7).

The glass fiber method tested by the USAF OEHL would be suitable after
validation for routine, base—level monitoring of both aromatic and aliphatic
isocyanates, and would eliminate the need for impingers and costly monitoring
equipment, Analysis by HPLC allows detection of TDI, MDI, and HDI monomers,
and HDI biuret trimer, NIOSH classifies this method as a Class D method,
which is one generslly accepted by industrial kygiene analysts, although not
completely evaluated by anyonme, NIOSH has tested Method P&CANM 326 in the
laboratory for TDI vapor using nitro—coated glass fiber sampling tubes and for
MDI aerosol using nitro—coated 13 mm glass fiber filters (8).

III. SAMPLING PROCEDURES

A. Aircraft Spray Painting

Sampling for HDI included three separate surveys performed at Hangar

48, an aircraft spray paint hangar a2t Randolph AFB, during complete and touch-
| up painting of T-37 and T-38 aircraft, The ventilation in the hangar was push-
‘ pull with two units delivering 80,000 cfm and three fans exhausting 71,000

cfm, The paint used was Deft Polyurethane Coating, NSN 8010-00-181-8281, MIL~- .
C-83286B (Appendix 1), Paint was applied using a DeVilbiss, Size 30 (4-hole) {
air spray gun and pressure cup for touch—up painting, and a DeVilbiss, Size 78 .
r (10-hole) air spray gun and pressure pot for complete painting,

ca ege e

For both complete and touch—up painting, application of the first coat
required 30-45 minutes, Then after a 15-30 minute drying period, the second
coat was applied. Unless otherwise indicated, sampling pumps operated comtin—
uously from the beginning of the application of the first coat through the
application of the second coat, Other sampling conditions varied during each
of the three surveys and are specified in Table I and in Section IV,

B. Foam—-in-Place Operation

The USAF OEHL conducted one survey for MDI comcentrations at a foam—in—
Plsce operation at Bldg 310, Kelly AFB., Local exhaust ventilation resulted in
an air velocity of 150-165 fpm across the face of the application area, A
Guzmur Model 630 unit mixed Universal Polymers Maxpak 454 components A and B
to form the foam, which was applied to the packing boxes through a sprayless
nozzle, Component A consisted of MDI monomer, higher polymers, Freonm 11, and
a trace amount of methyleme chloride. Component B consisted of a high molecu-
lar weight polyalcohol, a tertiary amine catalyst, and Freon 11,

L emop = - ve ot -




TABLE I. ISOCYANATE SURVEY CONDITIONS

Isocyanate Temperature Humidity
Survey Location Sampled Operation b %
I Hangar 48 HDI Conplete Painting 84 40
Randolph AFB ™37
|
II Hangar 48 ) § Complete Psinting 68 75 L
Randolph AFB T-38 o
N 1
11X Hangar 48 HDI Touch-up Painting 69 76 ]
Randolph AFB T-38 ' ’
v Bldg 310 " ¢ Foam—in-Place 68 72
Kelly AFB Packing

C. General Protocol

The USAF OEHL developed the following genmeral guidelines for field
evaluation of the nitro—coated glass fiber method for HDI sampling during .
spray paint operations and for TDI and MDI sampling during foam operations, {‘

1. Determine the limits of the method,
- 2. Screen for interferences,

3. Verify the stability of the reagents and the procucts of the
reaction,

4. Estimate the sampling precision,
5. Estimate the accuracy of the method.

IV. DISCUSSION AND RESULTS

TTCR L

A, HDI Sampling During Aircraft Spray Painting

1. Limits

The sampling tube containing the mitro—coated glass fiber is used
in the samo way as the familiar charcoal tube, except a higher flow rate of
2.0 Lpm is required for the glass fiber sampling tube. Like the charcoal, the
glass fiber is in the two sections, a 7 mm front sampling section and a 5§ mm ‘
back section to detect breakthrough. NIOSH recommends sampling at least 60 | 4
litexs of air to detect trace amounts of isocyanates as low as 0,02 mioro-
grams, The data from the USAF OEHL surveys showed that breakthrough did not
occur until the quantity of HDI detected exceeded 18 micrograms, These limits
allow the detection of HDI levels ranging from 0.3 pg/m* to 300 pg/m? for a 60—
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liter sample. For a 20 liter, 10 minute ceiling limit determination, levels
ranging from 1 pg/m? to 900 pg/m® can be detected, or wp to approximately six
times the ceiling limit, The NIOSH recommended, 10-hour workshift, 40-hour
workweek, TWA for HDI is 35 ug/m® and the recommended ceiling limit for any 10-
minute period is 140 ug/m?,

2. Stability

The NIOSH procedure cautions against possible interference during
sampling, Nitro reagent on glass fiber is unstable in the presemce of light
and is unstable to a lessor extent during storage in the dark, The deteriora-
tion of the reagent results in a positive interference cansed by the presence
of a peak during HPLC, which coincides with the HDI-urea peak, To eliminate
the possibility of this type of interference, tubes are prepared in the USAF
OEHL analytical laboratory and delivered to the base by the next day for
immediate use. Each tube is refrigerated before and after use and covered
with aluminum foil to protect it from exposure to light, During the course of
the surveys, the USAF OEHL analyzed tubos that had been refrigerated as long
as five days before and five days after sampling with no indication of inter—
ference or deterioration, The NIOSH method recommends storage no longer than
seven days at room temperature in the dark and four weeks at -21°C,

3. Chemical Interferences

Both positive and negative chemical interferences are also possi-
ble., Any chemical that will react with the isocyanate group can cause a
negative interference; and any compound that has the same retention time
during HPLC as the urea—derivative of the isocyanate can interfere positively,
No interferences of either type were identified during the spray paint
surveys,

4., Precision

Table II shows the HDI levels of five samples collected from the
same area in the spray paint hangar at Randolph AFB. The average amount of
HDI present was 19.58 pg with a standard deviation of + 2.71 pg. The RSD is
14%. The calculated average concentration was 69 pg/m* with a standard
deviation of + 8 pug/m?,

The samples, which were separated by no more than four feet, were
located at Point A in Figure I. All the Survey III samples in Area A were
collected for 140 minutes at 2 Lpm during touch—up painting of a T-38 air-
craft, Although 60 liters is the recommended sampling volume for determining
the TWA for HDI, higher volumes were used in this case to detect breakthrough
and establish the limits of the method. Breakthrough did occur in two samples
as shown in Table II. However, even at its limits, these data show the method
to be reasonably precise,
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TABLE 1I, HDI LEVELS FROM AREA A

(SURVEY III)

Sample HDI, pg HDI, pg/m®

1 17.52 62

2 23,79¢ 84

3 20,73+ 73

4 17.39 62

5 18.48 66
Nean 19.58 69
Std. Dev. 2.71 8

®Breakthrough occurred, HDI levels are the sum of the froant and back sections,

5. Accuracy

Although the accuracy of the method could not be directly
determined under uncoatrolled field conditions, the following sampling
procedures were used to estimate accuracy:

a, Comparison of HDI Levels Sampled at 1 Lpm and 2 Lpm

There was no significant difference between HDI levels col-
lected on single sampling tubes at 1 and 2 Lpm for the microgram guantities
shown in Table III. The sampling tubes, as listed, were in consecutive order,
in Area A (Figure I), with no more than 6 inches separating each tube; each
sample was collected for 102 minutes,

TABLE III, COMPARISON OF HDI LEVELS AT 1 LPM AND 2 LPM

(SURVEY I1I)
Paired Sample

Groups

Area A Rate, Lpm HDI, pg HDI, pg/m®
1 4.905 48
1 3.787 37
2 10.006 49
2 7.127 35
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b. Detection of Breakthrough

To detect large amounts of isocyanate which may have passed
through the sampling traim unreacted, trains were set-up at sampling rates of
1 and 2 Lpm, in which the sampling tube containing the nitro—coated glass
fiber was followed by an impinger comtaining nitro/toluene reagent (Survey I).
In no case was isocyanate detected in the impinger. .

¢. Characterization of HDI as an Aerosol/Vapor

While the sampling tube is presu .cYly collecting sll of the
EDI, it is possible that if HDI exists as am aerosol, it may remain unreacted
in trapped paint particles. The data in Table IV show that most of the HDI
monomer detected is in the form of an aexosol, During sampling in Area A of
the paint hangar (Figure I), the glass fiber sampling tubes were paired with
sampling trains in which a glass fiber tube was preceded by an uncoated 37 mm
glass fiber prefilter, The level of the HDI monomer detected on the single
glass fiber sampling tube is 5 to 20 times greater than the level detected on
the glass fiber sampling tube preceded by the prefilter,

TABLE IV, DETERNINATION OF HDI VAPOR AND
AEROSOL. CONCENTRATIONS, pg/m?
(SURVEY III)

Uncoated 37 mm

Prefilters—Coated
Group Fiber Coated Fiber
1 8 62
2 4 84
3 10 73
4 13 62
5 13 66

d. Comparison of Glass Fiber Sampling Tubes and Filters

NIOSH suggests that a flat filter coated with amitro—reagent
is a more efficient way to sample for aerosol, Table V shows results from
paired samples using the coated glass fiber sampling tubes from Area A and
closed faced cartridges with nitro—coated 37mm glass fiber filters. The
sampling tubes are clearly superior with an average HDI concentration of 69
pg/m®, compared to 23 pg/m* for the 37 mm filtexs,
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TABLE V. COMPARISON OF HDI CONCENTRATIONS DETECTED ON
COATED FIBER AND COATED 37 mm FILTER, pg/n’®

(SURVEY III)
Group Coated 37 mm Filters Coated Fiber
1 22 62
2 17 84
3 26 13
4 28 62
5 21 66

e. Comparison of Glass Fiber Sampling Tubes and Impingers

An attempt to compare the glass fiber tube and the impinger
sampling methods resulted in a few data points showing mo consistent, signif-
icant difforonce at low HDI levels (Table VI, Figure II), For longer sampling
periods paint visibly collected on the walls of the impinger and at the outlet
of the impinger sampling tip. The data from most of the sampling trains using
toluene containing impingers were invalid because of pump failure caused by
toluene leakage or because of the piesence in the samples of diethylhexyl
phthalate, the plasticizer in Tygon™ tubing, which was dissolved by the
toluene,

TABLE VI, COMPARISON OF HDI LEVELS USING NITRO-COATED GLASS FIBER
SAMPLING TUBES AND TOLUENE/NITRO REAGENT INPINGERS

(SURVEY I)
Impinger Nitro Method TUBE NITRO METHOD
Total Total
Flow Rate, Volume, Flow Rate, Volume,

Area Lpm Liters pg/m? Lpm Liters ng/m®
Al 2 170 <0.005 0.95 81 0.039
A2 2.1 178.5 0.009 1 85 0.009
A3 2.05 174.3 <0.005 1 85 0.013
M 1.95 161.5 <0.005 0.95 81 <0.005
AS 2 73+ 0.024 1 85 0.012

¢pPump stopped during ssmpling,
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B. MDI Sampling During Foam—-in-Place Operations

The original intent of field testing the glass fiber sampling tube for
MDI or TDI was simply to confirm the results of the NIOSH laboratory valida-
tion, wvhich showed the method to be both accurate and precise for TDI and MDI
sampling. However, the data from the foam-in-place survey at Kelly AFB do not
substantiate the accuracy and precision of the method for MDI collection and
suggest the need for further sampling,

During foam-in-place operations, MDI has been shown in the literature
to exist normally as an aerosol, while TDI because of its higher vapor pres—
sure, usually exists as a vapor (5). For these reasons, NIOSH validated the
nitro—coated glass fiber sampling tube method for TDI vapor and used 13 mm
nitro-coated glass fiber filters for MDI aerosol. However, the data collected
at Kelly AFB indicate that for the conditions encountered during this particu-
lar survey, MDI existed as a vapor and that neither the glass fiber tube nor
the 37 mm glass fiber filter was a satisfactory sampling method under these
conditions,

The sampling trains used during the foam—in-place survey at Kelly AFB
were similar to the trains set up during the spray paint surveys, in which
single, nitro—coated glass fiber sampling tubes were paired with trains con-
sisting of sampling tubes preceded by uncoated 37 mm prefilters and with
single, nitro—coated 37 mm filters, all collected at 2 Lpm for 96 minutes.
During the foam—in-place operation, an MDI 7005 tape monitor supplied a
direct—-reading, continuous strip chart recording of MDI levels,

As shown in Table VII, MDI levels on the single sampling tube do mot
vary significantly from the levels detected on sampling tubes preceded by an
uncoated prefilter., These results indicate that MDI existed as a vapor and
may explain the breakthrough evident despite the very low microgram quantities
detected during the survey (Table VIII); vapor collection is gemerally more
efficient at lower flow rates, The vapor nature of the MDI also probably
oxplains the nondetectable MDI levels using nitro—coated 37 mm filters, The
MDA 7005 tape monitor, sampling at a rate of 1.0 Lpm, over the same time
period averaged 1.75 ppb MDI., If the sampling tubes were to detect MDI vapor
levels of 1.75 ppb, the microgram amount of MDI present should have been ap—
proximately 3.5 micrograms, rather than the less than one~half microgram
smount actuslly detected.

V. CONCLUSIONS
A. HDI Sampling During Aircraft Spray Painting

The data show that only 5-20% of the HDI monomer detected is in the
form of free vapor with the remaining 80-95% of the reacting monomer entrapped
in paint droplets. While no detectable quantities of HDI pass through the
glass fiber sampling tube, it is mot possible to determine in a limited field
testing situation how mmch of the HDI presemt on the glass fibexr is actually
reacting and what effect a change in variables such as particle size distri-
bution, sample loading, temperature, humidity, etc.,, would have on the accu-
racy of the method, Also it is not known what practical significance the

10
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TABLE VII. MDI, pg/m® FOAN-IN-PLACE, KELLY AFB

(SURVEY 1V)
Uncoated 37 mm ,
Group Prefilter—Coated Fiber Coated Fiber Coated 37 mm Filter
1 3 ND ND
2 2 2 ND
3 2 1 ND
4 1 3 ND

TABLE VIII. MNDX, pg, FOAM-IN-PLACE, KELLY AFB

(SURVEY IV)
Uncoated 37 mm
Prefilter—Coated Coated 37 mm
Group Section Fiber Coated Fiber Filter
1 FRONT : 0.330 0.299
BACK 0.208 0.157
TOTAL 0.538 0.456 ND
2 FRONT 0.302 0.287
BACK 0.096 0.139
TOTAL 0.398 0.426 ND
3 FRONT 0.201 0.246
BACK 0.200 ND
TOTAL 0.401 0.246 ND
4 FRONT 0.281 0.393
BACK ND 0.188
TOTAL 0.281 0.581 ND

actual or detected levels of HEDI vapor, or HDI aerosol have in terms of either
toxicity or respiratory protection, Nevertheless, the method does provide
ressonably precise and reproducible results in a field testin, sitwation. It
can be adapted to routine, base—level use with a minimum of difficulty. Over
all, the field evaluation shows that with proper handling the glass fiber
sampling tube oan provide a consistent method for momitoring HDI levels durinmg

11
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spray paint operations up to 8.5 times the IWA and 6 times the ceiling limit
at the recommended sampling volumes,

B. TDI/MDI Sampling During Foam—in-Place Operations

The results of the foam—in-place survey at Kelly AFB suggest the meed
for additional sampling, Future surveys should compare collection of both TDX {
and NDI at 1 and 2 Lpm, determine the vapor/aerosol nature of the isocyanate, f
and compare the efficiency of collection of sampling tubes versus flat filters P
for either vapor or aerosol, The MDA tape monitor method is a proven method
for monitoring TDI vapor, although it requires special calibration for accu-
rately monitoring MDI aerosol,

VI. RECOMMENDATIONS

Use of the nitro—coated glass fiber sampling tube method outlined in
NIOSH Method P&CAN 326 as the best method currently available for monitoring
isocyanate levels during spray painting operatioms,

i
i
|
|
I
|
. !
Continued use of the MDA 7005 tape monitor whem isocyanates are used in y
operations other than spray painting, {i
¢
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