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Investigation of the Inaccuracy of NIOSH 
Method 5505 for Estimating the 
Concentration of Isocyanate in Air 
Martha J. Seymour, Paula Fey O’Connor, and Alexander W. Teass 
National Institute for Occupational Safety and Health, Division of Physical Sciences and Engineering, 
Cincinnati, Ohio 45226 

NIOSH Method 5505  for estimating isocyanate in workplace 
air is based on sampling air with an impinger containing a stand- 
ard solution of 1-(2-methoxyphenyI)piperazine in toluene and re- 
lating the measured loss of reagent from the sample to the total 
quantity of isocyanate trapped from the air. An experiment, in 
which 0-740 L of isocyanate-free air was sampled at 0.4-1.6 
Umin and analyzed following Method 5505,  demonstrated a loss 
of reagent which increased with the volume of air sampled. En- 
trainment of reagent in the exit stream was shown to be at least 
a minor cause of this loss. The results dictate against further use 
of Method 5505. Seymour, M.J.; O’Connor, P.F.; Teass, A.W.: Inves- 
tigation of Inaccuracy of NIOSH Method 5505 for Estimating the Con- 
centration of Isocyanate in Air. Appl. Occup. Environ. Hyg. 5:115-122; 
1990. 

Introduction 

Organic polyisocyanates, such as may be found in the 
droplets of spray of a two-component polyurethane paint, 
are suspected of posing the same hazard as diisocyan- 
ates.(lv2) Support for this suspicion is found in the report 
that the commonly used biuret derived from 1,6-hexameth- 
ylene diisocyanate is a respiratory irritant.(3) In a field in- 
vestigation conducted by scientists at the National Institute 
for Occupational Safety and Health (NIOSH), this biuret 
was the major isocyanate found in a work area where 
workers exhibited symptoms of respiratory irritation.(*) To 
better study the relationship between the symptoms and 
the levels of polyisocyanates, NIOSH investigators needed 
a method for analyzing the work site air for all 
polyisocyanates. 

NIOSH Method 5505 for estimating the concentration 
of isocyanate in aid5) was developed in response to this 
need to assess worker exposure to organic polyisocyanates 
of unknown specific identities. Such substances include 
isocyanate-terminated prepolymers, usually the product of 
reaction of polyol with a stoichiometric excess of diiso- 
cyanate monomer;(6) polyisocyanates, such as those de- 

rived from toluene diisocyanate and hexamethylene diiso- 
cyanate through isocyanurate and biuret formation;(6) 
isocyanate-bearing polyurethanes, formed as intermedi- 
ates during polyurethane synthesis; and isocyanates formed 
during thermal breakdown of polyurethane.(’-9) Although 
frequently represented by idealized chemical formulas, 
polyisocyanate prepolymers are usually mixtures of com- 
pounds.(lO) The estimate of the air concentration of iso- 
cyanate would include those compounds, providing data 
which would complement the determination of specific 
diisocyanates at the same worksite. 

In developing the method, we took advantage of tech- 
nology published by Warwick and co-workers,(ll) who used 
a solution of 1-(2-methoxyphenyl)piperazine in toluene to 
sample air for isocyanates. The ureas which formed in the 
reaction of the reagent with the isocyanate were then quan- 
tified by high-performance liquid chromatography (HPLC). 
Method 5505 used the same sampling medium but quan- 
tified the unreacted 1-(2-rnethoxyphenyl)piperazine. The 
quantity of isocyanate group in the air was computed from 
the quantity of 1-( 2-methoxypheny1)piperazine lost. Thus, 
the method estimated the air concentration in terms of the 
number of isocyanate groups, or the equivalents of iso- 
cyanate, not the number or mass of molecules containing 
isocyanate groups. 

Method 5505 had two major limitations. First, in using 
the method, one assumed urea formation to be the only 
cause of loss of reagent. This assumption was valid only if 
the air sampled contained no other compounds which 
would react with secondary amines, specifically the re- 
agent. Second, the limits of detection for Method 5505 
(0.4-0.5 Fmol per sample) were above the levels at which 
specific diisocyanates might be found (0.01-0.5 pmol per 
sample of 300 L of air). This restriction, the result of trying 

Mention of commercial names or products does not constitute endorse- 
ment by the National Institute for Occupational Safety and Health. 
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to determine a small difference between two large mea- 
surements, was acceptable, since the method was a com- 
plement to, not a replacement for, methods which analyzed 
air for the specific diisocyanates. 

Field use of the method between 1983 and 1986 and 
additional experimentation revealed several problems with 
the procedure. 

The handling of the sampling medium in the field 
was exceptionally critical since accurate estimates de- 
pended upon the initial and final quantities of reagent 
being those contained in exactly 15 ml of sampling 
medium. 
When, during sampling, sufficient water was trapped 
in the sampling medium to give two phases, a sig- 
nificant fraction of the 1-(2-methoxyphenyl)piperazine 
was extracted into the water, in which it is about 4 
times more soluble than in toluene. This caused a 
positive bias, unless all of both the toluene and aqueous 
phases were included in the analysis. 
The source and timing of the preparation of the blank 
samples used for determining the initial quantity of 
reagent were critical since toluene diffused through 
the walls of some containers, such as polyethylene 
bottles, used in the field for safety considerations. 
The most serious problem was the loss of 1-(2- 
methoxypheny1)piperazine during sampling by 
mechanisms other than reaction with isocyanate. While 
the first three problems could be solved by making 
minor modifications to the procedure, this last could 
not. 

The existence of the problem of the loss of 1-(2-me- 
thoxypheny1)piperazine was suggested by field samples 
which gave inexplicably high estimates of isocyanate in the 
air sampled. Two possible causes of this positive bias were 
reaction of the reagent with nonisocyanate compounds in 
the sample and mechanical removal of the reagent from 
the impinger. In laboratory experiments, we tested 12 non- 
isocyanate components of polyurethane systems as inter- 
ferences with essentially negative results. Three catalysts, 
2-butanone (representative ketone solvent), two polyester 
polyols (alkyd resins), and four polyol-pigment paint com- 
ponents did not consume measurable levels of 1-(2- 
methoxypheny1)piperazine. Two other polyol-pigment paint 
components consumed in 25 days an amount of the reagent 
equivalent to the limit of detection for many field samples. 
In 1983, we tested the hypothesis that reagent was lost 
during sampling through entrainment as aerosol particles 
in the stream exiting the impinger. Nine samples of lab- 
oratory air (41-363 L), assumed to be isocyanate free, were 
taken at 0.6-1.1 L/min and analyzed for isocyanate by Method 
5505. Only three of the samples showed detectable levels 
of reagent loss (0.32-0.39 Fmol). As these levels were 
close to or  below limits of detection reported for field 
samples, the loss was considered no more serious than 
extra uncertainty in the estimate. In 1986, V. Dharmarajan 
of Mobay Chemical Corporation sent NIOSH an internal 
report of their evaluation of Method 5505.(12) Their ex- 
perimental results also demonstrated a loss of reagent dur- 

ing sampling isocyanate-free air. 
At best, Method 5505 required modification to reduce 

the error introduced during sampling in the field. How- 
ever, we first needed to understand better the problem of 
reagent loss since this caused a positive error not readily 
eliminated. The experiments were designed to demon- 
strate the hypothesis that the loss of 1-(2-methoxy- 
pheny1)piperazine during sampling was due to mechanical 
transfer of the reagent from the impinger. The results, 
presented herein, convinced NIOSH that Method 5505 was 
too inaccurate to use and prompted the recommendation 
against its further use to be published.(*3) 

Experimental 

Reagents 

Acetonitrile, methanol, dimethyl sulfoxide, and toluene 
were HPLC-grade solvents from Burdick &Jackson 
Laboratories. 1-(2-Methoxyphenyl)piperazine and 4,4'- 
methylenediphenyl isocyanate were from Aldrich Chemi- 
cal Company. The 2,4-toluene diisocyanate was Hylene T 
from DuPont. Glacial acetic acid, hydrochloric acid, sodium 
hydroxide, sodium acetate trihydrate, and acetic anhydride, 
all reagent grade, were from Fisher Scientific. The dis- 
tilled-deionized water was prepared by passing laboratory 
deionized water through a Millipore Milli Q system and 
distilling the effluent in a Corning Mega-pure 3-L automatic 
still. 

The 92-mM sodium acetate buffer for the HPLC mobile 
phase was prepared by dissolving 25 g of sodium acetate 
trihydrate in 1 L of  methanol and 1 L of distilled-deionized 
water. The pH of the solution was adjusted to 6.0 with 
glacial acetic acid. 

Urea Derivatives 

The L(2-methoxypheny1)piperazine derivative of 2,4- 
toluene diisocyanate (TDI), N,N'-bis[ 4-( 2-methoxy- 
phenyl)piperazine-l-carbonyl]-2,4-toluenediamine (TDIU), 
was synthesized as follows: a solution of TDI (1.2 g., 6.9 
mmol) in toluene (20 ml) was added to a stirred solution 
of 1-(2-methoxyphenyl)piperazine (3.5 g, 18 mmol) in tol- 
uene (70 ml). After about 2 hours, the resulting white 
precipitate was collected by suction filtration, rinsed with 
toluene, and recrystallized. Recrystallization was accom- 
plished by suspending the solid in toluene at about 60°C, 
adding just enough methanol to effect dissolution, and 
storing the solution at room temperature until precipita- 
tion was complete. The melting point was 212"-213"C; 
field-desorption mass spectrum, m/e 558 (M+, C31H3HN604); 
desorption chemical-ionization mass spectrum (ammo- 
nia), m/e 559 ([M + 11'). 

N,N'-bis[ 4-( 2-methoxyphenyl)piperazine-l-carbonyl]- 
4,4'-methylenedianiline (MDIU), the l-(a-methoxy- 
pheny1)piperazine derivative of 4,4'-methylenediphenyl 
isocyanate (MDI), was synthesized by adding a solution of 
MDI (0.68 G, 2.7 mmol) in dimethyl sulfoxide (15 ml) to 
a stirred solution of 1-( 2-methoxypheny1)piperazine (1.3 g, 
6.8 mmol) in dimethyl sulfoxide (45 ml). After 30 minutes, 
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the stirred solution was diluted with water (200ml) and 
allowed to stand about 2 hours while the product precip- 
itated. The white precipitate was collected by suction fil- 
tration, dried in a vacuum oven at about 60°C to remove 
the residual water, and recrystallized by the procedure 
described for TDIU. The melting point was 209"-210"C; 
field desorption maSS spectrum, We 634 (M+, C37H42Nb04); 
desorption chemical-ionization mass spectrum (meth- 
ane), m/e 635 ([M+ 11'). 

Mass Spectrometry 

Mass spectra were obtained using a VG Instruments Model 
7070HS mass spectrometer. For field-desorption mass 
spectra, the extraction potential was 11 kV, and the emitter 
current was 3 mk For desorption chemical-ionization mass 
spectra, the emitter current was 1 A, and the reagent gas 
was methane or  ammonia. 

High-Performance Liquid Chromatography (HPLC) 

The liquid chromatograph consisted of two Waters Model 
6000A reciprocating pumps, a Waters Model 680 gradient 
controller, a Waters Model 710B autosampler, a Waters 
Model 440 ultraviolet absorbance detector equipped with 
a 254-nm filter, and an ESA Model 5100A electrochemical 
detector with an ESA Model 5010 standard analytical cell 
and an ESA Model 5020 guard cell. Both electrochemical 
cells contained high-surface area, porous graphite coulo- 
metric electrodes. The two detectors were serially con- 
nected, with the ultraviolet detector first in line. The elec- 
trochemical detector operated in the oxidation mode with 
a potential of + 0.80 V at the analytical cell and + 0.85 V 
at the guard cell, which was in line before the autosampler. 
Since the electrochemical detector had a limited linear 
range at any gain setting, the gain was adjusted to provide 
the amount of sensitivity required for the particular sam- 
ples being analyzed. Signals from the detectors were mon- 
itored with a dual-pen Soltec recorder and integrated with 
a Hewlett-F'ackard Model 3357 laboratory automation system. 

The column contained 3-pm particles of SupelcosiP 
LC-8DB, an octyldimethylsilyl-bonded silica with a reduced 
residual surface activity toward basic compounds. The col- 
umn was 7.5 cm long and was preceded by a 2-cm long 

guard column containing 10-pm particles of the same pack- 
ing. The internal diameter of both columns was 4.6mm. 
Chromatography was isocratic with a mobile phase of 3:l 
by volume acetonitrile-92 mM sodium acetate buffer flow- 
ing at 1 mumin at ambient temperature. The injection 
volume was 10 pL. The mobile phase was degassed with 
a helium purge. 

Sampling 

Air or nitrogen was sampled using the following appa- 
ratus, alone or  in combination as dictated by the design 
of the experiment: midget impingers containing tolu- 
ene solutions of 1-(2-methoxyphenyl)piperazine (40-45 
pg/ml) and midget bubblers containing solutions in 10 
mM aqueous HCI. The exact contents of the solutions in 
the impingers and bubblers depended on the design of 
the experiment. When ambient laboratory air (about 40% 
relative humidity) was sampled, flow through the samplers 
was maintained with the house vacuum system and set by 
critical orifices constructed from 2.54-cm disposable sy- 
ringe needles-23 gauge for 0.44-0.50 L/min, 21 gauge 
for 1.0-1.2 L/min, and 20 gauge for 1.5-1.6 L/min. Com- 
pressed air (dry, prepurified) and nitrogen (9!9.995%), both 
used without further purification, were sampled from a 
glass manifold with 10 or  12 ports, which were doubled, 
when necessary, using plastic Y-connectors. Samplers were 
connected to the manifold with rubber tubing. Flow was 
maintained at 1.3-1.4 L/min with the house vacuum using 
1.3-cm, 26-gauge syringe needles as critical orifices. The 
volume of sampling medium in the impingers and bub- 
blers dropped during sampling and was periodically re- 
stored to the original level by addition of toluene or 10 
mM HCI, as appropriate. 

After sampling was complete, the contents of each im- 
pinger and bubbler were transferred to a 20-ml glass scin- 
tillation vial for storage. In the experiment in which lab- 
oratory air was sampled using solutions of 1-(2- 
methoxypheny1)piperazine in lOmM HCI, the volume of 
the contents was restored to 10 ml before transfer to the 
vial. Blank samples were prepared by delivering 15 ml of 
the toluene sampling medium or  10 ml of the 10-mM HC1 
sampling medium to scintillation vials. 

TABLE 1. Box-Behnken Experiment to Evaluate Loss of 1 -(2-Methoxyphenyl)piperazine 
During Sampling 

Factor Factor 
lmpinger lmpinger 

Jet-to-Base Jet-to-Base 
Time Flow Rate Distance Time Flow Rate Distance 

Run (hr) (Umin) (mm) Run (hr) (Umin) (mm) 
1 8 1.5-1.6 5 9 4.5 1.5-1.6 7-8 
2 8 0.4-0.5 5 10 4.5 1.5-1.6 2-3 
3 1 1.5-1.6 5 11 4.5 0.4-0.5 7-8 
4 1 0.4-0.5 5 12 4.5 0.4 - 0.5 2-3 
5 8 1.0-1.2 7-8 13 4.5 1.0-1.2 5 
6 8  1.0-1.2 2-3 14 4.5 1 .o-1.2 5 
7 1 1 .o-1.2 7-8 15 4.5 1 .o-1.2 5 
8 1 1.0-1.2 2-3 
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Analysis 

Samples in toluene solution were treated with 10 pL 
acetic anhydride [to acetylate the 1-(2-methoxy- 
pheny1)piperazinel and taken to dryness under a stream 
of nitrogen with warming of the vials on a 60-"C surface. 
The residues were then dissolved in 15ml of methanol 
with agitation for 15 minutes in an ultrasonic water bath 
and analyzed by HPLC. Samles in 10 mM HCI were made 
basic to at least pH 9 with 1 M aqueous NaOH (4-6 drops) 
before addition of the acetic anhydride and then treated 
as above. 

Samples for the experiment in which compressed air 
was sampled using solutions of 1-(2-methoxy- 
pheny1)piperazine in 10 mM HCl were made basic to at 
least pH 9 with 1 M NaOH (4-6 drops) and treated with 
10 p L  of acetic anhydride. These solutions, the final pH of 
which was 3 to 5, were analyzed by HPLC without further 
workup. 

The HPLC procedure was calibrated with four to seven 
standard solutions containing 0.04-45 pg/ml each of MDIU, 
TDIU, and 1-(2-rnethoxyphenyl)piperazine (as l-acetyl-4- 
(2-methoxypheny1)piperazine) in methanol. These were 
prepared from separate stock solutions of approximately 
0.5 mg/ml of each compound in methanol, the combined 
aliquots from which were treated with 10 pL  of acetic 
anhydride before dilution with methanol. The MDIU and 
TDIU where quantified based on their electrochemical 
response, while the 1-(2-methoxyphenyl)piperazine was 
quantitiated with the ultraviolet detector. 

Procedures of the Three Experiments 

The entrainment experiment, aimed at demonstrting the 
loss of 1-(2-methoxyphenyI)piperazine caused by the mere 

passage of air through the sampling medium in the im- 
pinger, followed the Box-Rehnken design outlined in 
TableI. The control factors chosen were sampling time, 
flow rate, and match of  impinger parts. Impingers with 
matched parts have a jet-to-base distance of 5 mm. For each 
run, ambient laboratory air was drawn through a single 
sampling system consisting of an impinger containing 15 
ml of  a toluene solution of 606 pg of 1-(2-methoxy- 
phenyl)piperazine, 37.3 pg of TDIU, and 34.8 pg of MDIU, 
followed by a bubbler containing 10 ml of 10 mM HCI. 
All runs were made concurrently and in duplicate. For 
each of the two sets of 15 samples, 3 blank samples of  each 
sampling medium were prepared, giving 4 groups of 18 
samples-2 of impinger samples and 2 of bubbler samples. 
The 72 samples, grouped by set and sample type, were 
worked up and analyzed at the same time. Within the four 
groups, the samples were randomized as to position dur- 
ing evaporation and to order during analysis. All samples 
were analyzed for 1-(2-methoxyphenyl)piperazine, MDIU, 
and TDIU. The average quantity of reagent in the six blank 
impinger samples was taken as the initial quantity of reagent. 

For the study of the stability of 1-(2-methoxy- 
pheny1)piperazine in the aqueous acid during sampling, 
air was drawn at 1.3-1.4 Vmin through midget bubblers 
containing solutions of 0.0, 17.6, 88.2, 176, or 265 pg of 
1-(2-methoxyphenyI)piperazine in 10 ml of  10 mM HCI. 
Quadruplicate samples were prepared at each level, half 
with a sampling period of 208 minutes and the other half 
403 minutes. Two samples at the 265-pg level with 0 L of 
air sampled were also prepared. All samples were analyzed 
for 1-( 2-methoxypheny1)piperazine. 

Reagent loss under conditions where the possibility for 
air oxidation was reduced considerably was tested by draw- 
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FIGURE 1. Volume dependency of the loss of 1 -(2-methoxyphenyI)piperazine during impinger 
sampling of laboratow air using Method 5505. The flow rates and match of impinger parts were 
0.4-0.5 L/min matched (a), 0.4-0.5 L/min unmatched (o), 1 .O-1.2 Umin matched (m), 1 .O- 
1.2 L/min unmatched (o), 1.5-1.6 Umin matched (A), or 1.5-1.6 Umin unmatched (A). The 
six blank samples are at 0 L (*). 
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FIGURE 2. Relationship between the loss of 1-(2-methoxyphenyl)piperazine and the loss of 
MDIU during impinger sampling of laboratory air. The dotted line represents a 1:l correlation 
between the losses of the two compounds. 

ing nitrogen through ten impingers, each containing 15 
ml of 44.8 pgml 1-(2-rnethoxyphenyl)piperazine in tol- 
uene. All impingers had matched parts. Nitrogen was sam- 
pled for 329 minutes at 1.3-1.4 Vmin. These samples and 
ten blank samples were analyzed for 1-(2-me- 
thoxypheny1)piperazine. 

Results and Discussion 

The major purpose of  this investigation was to test the 
hypothesis that Method 5505 gave high estimates of iso- 
cyanate in air due to loss of 1-(2-methoxyphenyl)pi- 
perazine during sampling through entrainment of droplets 
of the reagent solution in the air stream exiting the impinger. 
This hypothesis was tested by the entrainment experiment 
in which 27-744L of laboratory air, assumed to be free of 
isocyanate, was sampled per the procedure of Method 5505. 
The Box-Behnken design of the experiment allowed deter- 
mination of the significance of sampling time, flow rate, and 
match of the impinger parts. The backup bubblers containing 
10 mM hydrochloric acid were to trap the L(2-methoxy- 
pheny1)piperazine which escaped the preceding impinger, 
thus providing positive evidence of the loss. Bubblers, rather 
than impingers, were chosen as backup .samplers because in 
a similarly designed experiment, ruined by an error in the 
analysis of the toluene solutions, impingers containing 10 
mM hydrochloric acid appeared to trap very little reagent. 
The MDIU and TDIU added to the toluene solution would 
be lost from the impinger at the Same rate as the reagent if 
loss was due to aerosol formation and entrainment in the 
exit stream. The impinger samples and the bubbler samples 
were analyzed for 1-(2-methoxphenyl)piperazine, MDIU, and 
TDIU. 

The measured loss of 1 -( 2-methoxypheny1)piperazine 
from the impinger samples showed a notable correlation 

with the volume of air sampled (linear-regression corre- 
lation coefficient, 0.69), as shown in Figure 1. The scatter 
shown by the data could have at least three sources: the 
imprecision of the method, demonstrated by the data for 
the six blank samples (shown in Figure 1 at 0 L of air 
sampled); the variations of flow rate and match of impinger 
parts; and the change in rate of loss during the sampling 
period as the solutions became more concentrated with 
the evaporation of toluene and more dilute after addition 
of toluene. The quantity of reagent lost, ranging as high 
as 42 percent of the initial quantity, normally is assumed 
to be equivalent to the quantity of isocyanate present in 
the air sample. Therefore, had these samples been from 
an industrial hygiene survey, 7 would have been reported 
as containing 0.6-1.2 pmol of isocyanate and 23 would 
have been reported as containing less than 0.5 pmol. This 
latter quantity is the limit of detection, equal to three times 
the standard deviation for the six blank samples. Overall, 
these results support the hypothesis of mechanical loss of 
reagent. 

The results from the quantification of TDIU in the im- 
pinger samples were rendered useless by the presence of 
an interference in 11 of the 18 samples for which the air 
volume was greater than 200 L. However, as shown in Fig- 
ure 2, the data for the levels of MDIU lost from the samples 
reflected roughly the behavior of the data for the loss of 
1-(2-methoxyphenyl)piperazine (linear-regression corre- 
lation coefficient, 0.40). These results are consistent with 
the hypothesis of mechanical loss of sampling medium 
during flow of air through the impinger. 

The data from the analyses of the backup bubblers pro- 
vided little proof that mechanical loss of reagent from the 
impingers was the major mechanism for the loss. As can 
be seen in Figure3, with the exception of the sample 
containing 13 percent, less than 10 percent of the 1-(2- 
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FIGURE 3. Relationship between the loss of 1-(2-methoxyphenyI)piperazine from the front im- 
pinger and quantity of 1-(2-methoxyphenyI)piperazine found in the backup bubbler after impinger 
sampling of laboratory air. The flow rates and match of impinger parts were 0.4-0.5 L/min 
matched (e), 0.4-0.5 Umin unmatched (o), 1 .O-1.2 Umin matched (D), 1 .O-1.2 Umin un- 
matched (o), 1.5-1.6 Umin matched (A), or 1.5-1.6 Umin unnmatched (A). 

methoxypheny1)piperazine lost from the front impingers 
was found in the backup bubblers. Over half of the bub- 
blers contained no detectable quantities of the reagent 
(detection limit 0.0003 pmol per sample). In addition, no 
MDIU or TDIU was detected in any of the backup bubblers 
(detection limit 0.3 pg per sample). 

As higher levels of reagent were expected in the backup 
bubblers, the question of the reagent being trapped and 
then lost arose. Thus, the stability of 0.09-1.4 pmol of 1- 
(2-methoxypheny1)piperazine in 10 mM hydrochloric acid 
during sampling was investigated, as described above. An 
average of 69 percent (range, 40-88%) of the 1-(2- 
methoxypheny1)piperazine was recovered from the 16 
samples. The variation in recovery, for which no expla- 
nation could be found, was independent of volume of air 
sampled and level of reagent. Recoveries of 89 and 99 
percent were obtained for the two control samples, which 
contained 1.4 pmol of 1-(2-methoxyphenyl)piperazine and 
through which no air was sampled. Even with recoveries 
for the backup bubblers of only 40 percent, had most of 
the reagent lost from the impingers been present in the 
bubblers, it would have been measured. 

To gain additional evidence that loss of 1-(2- 
methoxypheny1)piperazine from the front impingers could 
occur through entrainment, 434-467 L of nitrogen was 
drawn at 1.3-1.4 Umin through the sampling medium- 
45 pg/ml 1-(2-methoxyphenyl)piperazine in toluene. The 
ten samples lost 17-42 percent of the reagent, an obser- 
vation consistent with the hypothesis that the loss of re- 
agent when sampling isocyanate-free air was due primarily 
to entrainment. Although the flow rates and sampling pe- 
riods were nearly the same for all of the samples, two 
impingers, which appeared to sample air more vigorously, 
lost the greater amounts of reagent. That a substantial loss 

resulted in sampling pure nitrogen further suggests that 
reagent can be lost through entrainment. However, it does 
not eliminate the possibility of additional loss through 
reaction of the reagent with atmospheric oxygen or some 
airborne contaminant when laboratory air is sampled. 

At this point, the evidence indirectly suggested the mech- 
anism of reagent loss to be entrainment. The low recovery 
of the lost 1-(2-methoxyphenyI)pipemine from the backup 
bubblers could be attributed to inefficient trapping of the 
reagent-containing aerosol particles by the bubblers. Di- 
rect evidence for the entrainment mechanism was sought 
through experimentation in which the impinges were fol- 
lowed by Gelman type NE glass fiber filters backed up 
with Tenax sampling tubes. The filters are known to be 
efficient samplers of particles of the size not readily trapped 
by impingers or bubblers.('*) If the reagent sublimed from 
the filters or dry aerosol particles, or if reagent vapor 
escaped the impingers, the vapor should be trapped by 
the Tenax, a sorbent shown suitable for sampling aromatic 
amines.(I5) The results of a series of experiments suggested 
that the 1-(2-methoxyphenyl)piperazine sublimed readily 
from the filters and could be trapped by and recovered 
from the Tenax beds. However, less than 10 percent of the 
1 -( 2-methoxypheny1)piperazine lost from the impingers 
was found on the backup samplers. Thus, loss of 1-(2- 
methoxypheny1)piperazine from the sampling system 
through some other mechanism, probably chemical change, 
seems a real possibility. 

To test the reproducibility of the entrainment experiment, 
the results reported above were combined on the same graph 
with those obtained in 1983 and those reported to us by 
Dharmarajan.(12) Since the initial concentration of reagent was 
different in each experiment, the data were normalized to 
percent relative loss. As shown in Figure 4, the results of each 
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experiment are consistent. Together all of the experiments 
present a convincing picture o f  the loss o f  1-(2- 
methoxypheny1)piperazine during sampling isocyanate-free 
air. 

The plot in Figure 4 has been used to reevaluate in- 
dustrial hygiene data previously obtained using Method 
5505. Those data which, when added to the plot, fall near 
or below the upper 95 percent confidence limit are con- 
sidered to be simply a measure of the loss of  reagent due 
to the sampling process. On the other hand, data which 
Fall significantly above the upper 95 percent confidence 
limit may reflect the presence of isocyanate in the air sam- 
pled. In such cases, the workplace should be studied fur- 
ther using a method more specific and accurate for iso- 
cyanate. The spread of  the data in Figure 4 suggests that 
results yielded by Method 5505 are too imprecise for any 
corrected quantitative estimate to be made. 

Conclusions and Recommendations 

The results of the experiments reported herein show 
that NIOSH Method 5505 for estimating isocyanate in air 
suffers from loss o f  the critical reagent, l-(2-methoxy- 
phenyl)piperazine, during the sampling of uncontaimi- 
nated atmospheres. Method 5505 is basically the titration 
of an air sample with a standard solution of 1-(2-methoxy- 
pheny1)piperazine in toluene, using HPLC t o  measure the 
quantity of  reagent consumed. As the estimation of iso- 
cyanate depends upon the consumption of 1-(2-methoxy- 
pheny1)piperazine through reaction with isocyanate and 
on the measurement of the quantity of reagent consumed, 
this loss causes an unacceptable high bias in the estimate. 
Therefore. it is recommended that use o f  the method be 

discontinued.(l3) Method 5505 has been removed from the 
NIOSH Manual of Analytical 

The loss of 1 -( 2-methoxypheny1)piperazine during sam- 
pling was clearly related to the volume of air sampled, as 
shown in Figures 1 and 4. Mechanical entrainment of the 
sampling medium as aerosol particles in the stream exiting 
the impinger was shown to be at least a minor contributor 
to this loss, as 1-(2-methoxyphenyI)piperazine was found 
on samplers downstream from the impingers. Experimen- 
tal attempts to prove definitively that this mechanism was 
the major factor in the loss were unsuccessful, leaving open 
the possibility that the L(2-methoxypheny1)piperazine was 
undergoing a chemical change. 

Acknowledgments 

The authors thank Dr. Stanley A. Shulman for providing 
the statistical workup and interpretation of the data from 
the Box-Behnken experiment. 

References 
1. Hardy, H.L.; Devine, J.M.: Use of Organic Isocyanates in Industry- 

Some Industrial Hygiene Aspects. Ann. Occup. Hyg. 22:421 (1979). 
2 .  Silk, SJ.; Hardy, H.L.: Control Limits for Isocyanates. Ann. Occup. Hyg. 

27333 (1983). 
3. Weyel, D.A.; Rodney, B.S.; Alarie, Y.: Sensory Irritation, Pulmonary 

Irritation, and Acute Lethality of a Polymeric Isocyanate and Sensory 
Irritation of 2,b-Toluene Diisocyanate. Toxicol. Appl. Pharmacol. Oi:423 
( 1982 ). 

4. Hervin, R.L.; Thohurn, T.W.: Health Hazard Evaluation Report 72-96- 
237. Trans World Airlines Main Overhaul Facility, Kansas City Inter- 
national Airport, Kansas City, Missouri 64195. NIOSH, Cincinnati, OH 
(1975). 

5. Seymour, MJ.; Teas ,  A.W.: Isocyanate Group, Method 5505, Revision 
#1:5/15/85. In: NIOSH Mannual of Analytical Methods, 3rd. ed. P.M. 

50 

0 .  
-1 0 I I I 

0 200 400 600 800 
Volume of Air (L) 

FIGURE 4. Volume dependency of the loss of 1-(2-methoxyphenyl)piperazine in four experiments 
using Method 5505 to sample laboratory air or nitrogen. The data presented are from the Box- 
Behnken entrainment experiment (.), the experiment with nitrogen (A), our 1983 experiment (o), 
and the experiment reported by Dharmarajan(lZ) (0). The solid and dotted lines represent, respec- 
tively, the linear least-squares regression of the data and its upper 95% confidence limit. 

APPL. OCCUP. ENWRON. HYG. 5(2) . FEBRUARY 1990 121 



Eller, Ed. DHHS (NIOSH) Pub. No. 84-10. Cincinnati (1984), with 
first (1985) and second (1987) supplements. 

6. Chadwick, D.H.; Cleveland, T.H.: Isocyanates, Organic. In: Kirk-0th- 
mer Encyclopedia o f  Chemical Technology, Vol 13,3rd ed., pp. 789- 
818. M. Grayson, Ed. John Wiley & Sons, New York (1981). 

7. Skarping, G.; Kenman, I..; Sango, C.; et  al.: Capillary Gas Chromato- 
graphic Method for the Determination of Complex Mixture of Iso- 
cyanates and Amines. J. Chromatogr. 346:191 (1985). 

8. Kenman, L.; Sango, C.; Skarping, G.: Determination of Isocyanate and 
Aromatic Amine Emissions from Thermally Degraded Polyurethanes 
in Foundries. Am. Ind. Hyg. Assoc. J. 47:621 (1986). 

9. Rosenberg, C.: Direct Determination of Isocyanates and Amines as 
Degradation Products in the Industrial Production of Polyurethane- 
coated Wire. Analyst. 109:859 (1984). 

10. Walker, RF.; Ellwood, P.A.; Hardy, H.L.; Goldberg, P.A.: Separation of 
Isocyanate Prepolymer Components as their Urea Derivatives by Ke- 
versed-phase High-performance Liquid Chromatography. J. Chro- 
matogr. 301:485 (1984). 

11. Warwick, CJ.; Bagon, D.A.; F’urnell, CJ.: Application of Electrochemical 
Detection to the Measurement of Free Monomeric Aromatic and A- 

iphatic Isocyanates in Air by High-Performance Liquid Chromatog- 
raphy. Analyst. 106:676 (1981). 

12. DhdrmardJan, V.: Evaluation of the NIOSH Total Isocyanate Method. 
Corporate Industrial Hygiene Laboratory Project 1-85-69. Mobay Cor- 
poration, Pittsburgh (1986). 

13. Anon.: Isocyanate Analysis-NIOSH Method 5505. Appl. Ind. Hyg. 

14. Liu, B.Y.H.; Pui, D.Y.H.; Kubow, K.L.: Characteristics of Air Sampling 
Filter Media. Aerosols in the Mining and Industrial Work Environ- 
ments, Vol. 3, Instrumentation, pp. 989-1038. V.A. Marple and B.Y.H. 
Liu, Eds. Ann Arbor Science, Ann Arbor, MI (1983). 

IS. Otson, K.; Leach, J.M.; Chung, T.K.: Sampling of Airborne Aromatic 
Amines. Anal. Chem. 59:58 (1987). 

16. National Institute for Occupational Safety and Health: Transmittal No- 
tice (to second supplement). NIOSH Manual o f  Analytical Methods, 
3rd. ed. P.M. Eller, Ed. DHHS (NIOSH) Pub. No. 84-100. Cincinnati, 
OH (1984), with first (1985) and second (1987) supplements. 

2(5):182 (1987). 

Received 1/23/69; review decision 6/12/89; revision 8/24/89; accepted 9/01/69 

122 APPL. OCCUP. ENVMJN. HYG. 5(2/ - FEBRUARY 1990 


