AD-A219 040

DTIC FILE COPY

AFOEHL REPORT 90-030CA00156BPA

Sample Collection, Analysis, and Respirator
Use With Isocyanate Paints

OTIC

S

ELECTE
MAR 1 41390
BRUCE J.POITRAST, Col, USAF, MC, FS
D CdH DAVID CARPENTER, Capt, USAF, BSC

February 1990
Final Report

Distribution Is uniimited; approved for public release

AF Occupational and Environmental Health Laboratory (AFSC)
Human Systems Division
Brooks Air Force Base, Texas 78235-5501

a0 03 13 142

R e e -




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



NOTICES

When Government drawings, specifications, or other data are used for any
purpose other than a definitely related Government procurement operation, the
Government incurs no responsibility or any obligation whatsoever. The fact
that the Government may have formulated, or in any way supplied the drawing,
specifications, or other data, is not to be regarded by implication, or
otherwise, as in any manner licensing the holder or any other person or
corporation; or conveying any rights or permission to manufacture, use, or
sell any patented invention that may in any way be related thereto.

The mention of trade names or commercial products in this publication is for
illustration purposes and does not constitute endorsement or recommendation
for use by the United States Air Force.

The Public Affairs Office has reviewed this report, and it is releasable to
the National Technical Information Service, where it will be available to the
general public, including foreign nations.

This report has been reviewed and is approved for publication.

Air Torce installations may direct requests for copies of this report to: AF
Occupational and Environmentzl Health Laboratory (AFOEHL) Library, Brooks AFB
TX 78235-5501.

Other Government agencies and their contractors registered with the DTIC
should direct requests for copies of this report to: Defense Technical
Information Center (DTIC), Cameron Station, Alexandria VA 22304-6135.

Non-Government agencies may purchase copies of this report from: WNational
Zechnical Information Service (NTIS), 5285 Port Royal Road, Springfield VA
2161

;"?}LLQP ;7ﬁ35%2:;¢jzp= 4:_4422:—4 atf'.I::::-caﬂC‘—"’

BRUCE J. POITRAST, Colonel, USAF, MC, FS- DENNIS R. SKALKA, Lt Col, USAF, BSC
Consu]tant OccupationaI Medicine Chief, Health Surveillance Division

A M’//’
DAVID CARPENTER, Capt,~USAF, BSC
Consultant, Industrial Hyg1ene Branch




UNCLASSIFIED

SECUSITY CLASSIFICATION OF ThiIS PAGE

REPORT DOCUMENTATION PAGE

Form Approved
OMB No 0704-0188

‘Ur&ffggg ?WH‘I’Y CLASSIFICATION

1b RESTRIW}\AE MARKINGS

Y CLASSIFICATION AUTHORITY
ZN/SRCURIT SS

3. DISTRIBUTION /AVAILABILITY OF REPORT

Ztﬁ/DAECLASSIFlCATION /DOWNGRADING SCHEDULE

Approved for public release.
Distribution is unlimiter.

4. PERFORMING ORGANIZATION REPORT NUMBER(S)

AFOEHL Report 90- 030CA00156BPA

S MONITORING ORGANIZATION REPORT NUMBER(S)

6a. NAME OF PERFORMING ORGANIZATION
AF Occupational and Environ-
mental Health Laboratory

6b. OFFICE SYMBOL
(If applicable)

CA

7a. NAME OF MONITORING ORGANIZATION

6c ADDRESS (City, State, and 2IP Code)

Brooks AFB TX 78235-5501

7b. ADDRESS (City, State, and 2i1P Code)

8b. OFFICE SYMbOL
(If applicable)

8a. NAME OF FUNDING / SPONSORING
ORGANIZATION

Same as 6a

9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

8c ADDRESS (City, State, and ZIP Code)

Same as 6¢

10. SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT
ELEMENT NO NO

TASK
NO

WORK UNIT
ACCESSION NO

11. TITLE (include Securrty Classificat:on)

Sample Collection, Analysis, and Respirator

Use with Isocyanate Paints (U)

12. PERSONAL AUTHOR(S)
Col Bruce J. Poitrast; Capt David Carpenter

13a. TYPE OF REPORT 13b. TIME COVERED

14. DATE OF REPORT (Year, Month, Day) 115. PAGE COUNT

Final FROM __ - 0__- February 1990 49
16. SUPPLEMENTARY NOTATION
17. COSATI CODES a8 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP sus-GROuP . L~ Foams ~ Spray Painting y-  Patrick AFB
, Mists) Vapors ffg 5/& y M—r( S Rc,g \,m{brc‘
AN AN LI 3 D

. ABSTRACT (Continue on reverse if necessary and identify by block number)
his report was written in response to questions from field operations which indicated
problems with regard to the health effects and respiratory protection required for
Personnel sample results were not in keeping with observed levels of
Not all isocyanate toxicity is the result of sensitization.
Often, the acute irritative effects of isocyanates are confused with those caused by
Sensitization occurs in 10% of users in most reports.
The isocyanate moiety is not the only sensitizer in isocyanate paints.
also contain amines and phenol derivatives which can be potent sensitizers.

isocyanate paints.
exposure in spray operations.

sensitization.
20%.

o)

The outside figure is
The paints may
Current

sampling and analytical methods for isocyanate do not reflect the environment when spray
guns are in use. The majority of the isocyanate is missed. As currently accomplished these
do not accoun* for the isocyanate in the aerosol. The use of air supplied respirators as
the most effective pretective measure is discussede

20 OISTRIBUTION/ AVAILABILITY O[%XBSTRACT ﬁl STRAC SE%URITY CLASSIFICATION

CJ UNCLASSIFIED/UNLIMITED AME AS RPT OJ onic users | UNcTassitie
222 € OF RESPONSIBLE 'N0|V|DUAL 22b TELEPHONE (Inc/yde Area ¢ 22¢ OFFICE SYMBOL
o aTuCe Y Po Tt ast P58y 36 5065/ AV S APOERTCA

DO Form 1473, JUN 86 SECURITY CLASSIFICATION OF THIS PAGE

UNCLASSIFIED

Previous editions are obsolete

i




(This page left blank)

ii




ACKNOWLEDGMENTS

The assistance of Major Edward Guida in writing this report is gratefully

acknowledged.

Accesion For

)
NTIS CRa&l >4
D1IC TAB O
Uaannounced 0O
Justrhicytion
—————— s
By ..
Distiibution

Availability Codes

) m..—d‘\d {or
Dist ' Special

Al |

\
<%
.




Contents

Page
DD Form 1473 i
Ackrnowledgement iii
I. Introduction 1
II. Discussion L
[II. Conclusions 4y
References 5
Appendix

A Flow Rates Necessary for Particle Capture
B Sampling and Analytical Methods i1
Distribution List 45

iv




r

I. INTRODUCTION

Purpose: This report is written to clarify the problems with current
samplirng and analytical techniques for isocyanates in spray painting
operations.

Problem: The obvious disconnect between observable levels of paint
aerosol and the levels of isocyanate detected in paint spray environments led
to questions regarding the utility of analytical and sampling methods.

Scope: We will address the following issues: respirator choice,

- sensitization, analytiecal and sampling technics.

N II. DISCUSSION

Much effort has gone into attempts to control isocyanate vapor by pre-
polymerizing most of the monomer in the manufacturing process. Even though
this is done, the resulting polymer is still an isocyanate and has isocyanate
toxic and sensitizing potential. If brought in contact with the lung, both
acute toxic and sensitizing reactions may occur. Since the aerosol contains
both free and polymerized active isocyanates, it must be prevented from
reaching tne respiratory tract and skin. Adequate information exists to
justify the belief that vapor, aerosols, and dust from the isocyanates can
sensitize.(1,2,3,4,5) Longley (2) reports acute toxicity in twelve men 120
feet downwind from a spray operation with a methylene bisphenyl isocyanate
(MBI) paint. They suffered the acute, irritative asthma which can be expected
from contact with high levels of the isocyanates. Since The vapor pressure of
MDI is quite low (5 x 10-% torr) the cause of toxicity was most likely aerosol.(5)
White (6) reports on upholstery workers in a car factory who suffered asthma
attacks. They cut and sewed isocyanate foams. Isocyanate vapor concentration
from personal samples was 0.003 PPM. Foam particulate may have been the
problem. Patty's (4) notes that polyurethane foam particulate is capable of
producing lung sensitivity in animals. To some degree this is may be related
to amines in the reacted polymer rather than any remaining unreacted
isocyanate, but that can't be all of the problem because a sensitivity does
develop to the isocyanate moiety. This reaction is worth keeping in mind
because tiiere is an enamel paint on the market which is used by our
maintenance people that contains isocyanate and comes in a spray can. They do
not list isocyanate on the MSDS because they believe that no sensitivity can
result because they place fully reacted polymer in the paint. This is not the
case. All precautions that apply to other isocyanates apply to this one.

Zenz (1) states that isocyanates may enter the respiratory tract as dusts and
aerosols as well as vapor and cause sensitization. Some of the variability in
exposure levels below which no sensitivity to isocyanate was found (from 0.003
to 0.07 PPM) may be accounted for by failure to include isocyanate aerosol and
dust, in the measurement.(3,7,8,9,10,11,12) When the foregoing factors are
considered and added to the problems with collection and analysis which are
detailed below it becomes obvious that the professional judgment of the
members of the occupational health team is the critical factor




in determining the level of protection required, not the number reflected in
the sampling result.

The analytical method used by the Air Force and OSHA Method 42 are based
on NIOSH Method 2535. NIOSH 2535 is based on OSHA/NIOSH method 5505. Let us
first consider 5505 (see Appendix B). This is the impinger method. On page 1
of 5505 there is a block titled accuracy which contains the following, "The
range of usefulness has not been studied. The bias has not been determined.
The precision has not been evaluated." In a block labelled applicability on
page 1, the statement would lead you to believe that this method is good for
any form of isocyanate; however, on page 4, in a block labelled evaluation
method, we find that the method was evaluated using monomeric toluene
diisocyanate. Thus there is no data to justify its use except with
monomers. Subsequent testing at NIOSH determined that the methed did not
accurately measure anything but monomer, and not that if it was inhibited. 1In
belated recognition of this fact, NIOSH retracted the method in the September
1987 Applied Industrial Hygiene.(17) It is difficult to tell which of the
many problems with this method is the major problem when you read the
retraction. All other methods are departures from viis troubled method. On
page 1 of 5505 under the block, "other methods" it says that other methods are
for monomeric species only. Particular reference is made to P&CAM 326, OSHA
42/NIOSH 2535 is a revision of P&CAM 326. Most paints today are
prepolymerized and could not be measured with these monomeric methods, even if
they worked properly. When we address the OSHA 42/NIOSH 2535 method, we find
that, in addition to being designed for uninhibited monomers, the flow rate is
too low, one liter per minute, to effectively pick up aerosol. The effective
capture velocity is 1.55 em/sec at that flow rate (See Appendix A). This will
miss the majority of aerosol. It is noted on page 4 of 2535 that the samplers
were poor collectors of aerosol. They start off by saying that the method
collected 90% of the aerosol; however, the 90% that is collected is in the
range of 0 - 2.8u. Spray from air guns starts at about 10u, so little of the
spray will be collected. Aerosol is a source of sensitization. Humans can
readily inhale particles up to 60p. The particles need not reach the lung to
cause sensitization. Anywhere on the respiratory tract epithelium is
sufficient. From the foregoing it can be seen that use of this method in a
spray paint enviromment misses the vast majority of the isocyanate.

As we neared publication, NIOSH released a new method, 5521, for
isocyanates. This method will not characterize aerosol environments either as
the flow rate remains too low, one liter per minute. In the applicability
statement of the method, it is noted that the method is qualitative only for
polyisocyanates since it measures them low. This method adds nothing
significant to the analytical armamentarium. A copy of the method has been
added to Appendix B.

The methods were designed for use with uninhibited isocyanates. The days
of uninhibited isocyanate paints ended in 1976. On page 11 of OSHA 42 under
interferences, in 3.6.2 we find that amines, alcohols, phenols, carboxylic
acids and anhydrides are interferences. Some of these are readily found in
paint shops. Worse, some of them are actually in the modern paints. Because
they interfere with isocyanate polymerization, they are used as inhibitors.
Specifically amines, alcohols and phenols, among other chemicals, are used to
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mask the isocyanate to prevent the polymerization reaction until a more active
chemical knocks it off. This means they won't react in the test, as the
inhibitor is more tightly bound to isocyanate than the test reagent. There is
currently no method which will measure inhibited isocyanate. Unfortunately,
the isocyanate will still cause sensitization. The inhibitors themselves are
often toxic. They do not need to be listed on the paint labels because they
have not been demonstrated to be toxic as used in the paint. Amines, phenols,
r and anhydrides are sensitizers.

To summarize, the test methods for isocyanate are designed for use with

monomeric, uninhibited isocyanate in the vapor form. We almost never

23 encounter uninhibited, monomeric isocyanate any more. Most of our paints
today are blends of several types of prepolymerized isocyanates with both
promoters and inhibitors. 1In today's paint even the monomer may be

- inhibited. As a result of the foregoing, our analytical methods are
completely unable to characterize a spray paint environment. Only the
professional judgement of the industrial hygienist has any value in this arena
right now. The test results give a false sense of security, since they
grossly underestimate the environment.

Other methods for measuring have been suggested in the AFOEHL
Newsletter. The use of the percentage of isocyanate in the solid portion of
the paint times the amount of aerosol measured as a nuisance dust is one
suggested method. Another option is to sample for pigment. You will need the
MSDS or some other source containing the following information for the paint
in use: concentration of the pigment, isocyanate monomer and total isocyanate
including biuret if any. Air sample for the pigment, mark the sample "pigment
for isocyanate" and submit to AFOEHL/SA as usual. Based on the reported
pigment concentration, the monomer and the total isocyanate concentration can
be calculated by multiplying the pigment concentration by the isocyanate/
pigment ratio to determine the total isocyanates. The monomer can then be
culculatcd By Uzing the monomer pericntage of the total isocyanates. Proper
respiratory protection can be determined by making some conservative
assumptions, and giving proper consideration to the circumstances and the
calculations which follow. No air purifying respirator has been approved for
use with isocyanates. This is because the odor threshold for isocyanates is
20 times the STEL and 80 times the TLV. Therefore no warning property exists
which would indicate respirator fzilure, Tt is well known that charcoal
canisters do not filter aerosol efficiently. As much as 50% of the chemicals
present in the aerosol may easily pass directly through the filter. This
~ necessitates the use of particulate pre~filters. It should also be noted that
' the presence of humidity may alter the efficiency of a filter. The useful
lifetime of charcoal is reduced 50% by 30% relative humidity (RH) at room
temperature. It is further reduced 50% by 70% RH at room temperature. Now,
continuing our calculations, assume the monomer will completely volatilize
while the polymer remains in the aerosol state. If the monomer calculates to
greater than 0.005 mg/m®, then airline respirators will be required. If not,
then fullface, negative pressure, organic vapor cartridges with pre-filter can
be used. Protection for the skin of the face is necessary because isocyanates
are skin sensitizers and is better accomplished with the fullface respirator
than it is with goggles. Since the isocyanates are skin sensitizers as well
as lung sensitizers, protection must be afforded for the skin. This is




especially true since lung disease has bheen shown Lo develop as the result of
skin exposure. Lung exposure can produce dermal sensitivity xas well. Only a
full face respirator cr hood can protect the skin of the upper face from
exposure.

Again, in summary, if air purifying respirators are to be used, then their
use should be restricted to a minimum, and only fullface respirators with
charcoal canisters and high efficiency pre~filters should be used. 1In an
ongoing spray environment, only supplied air should be used. 5hort duration
of operation should not be used as a reason to minimize protection. Tnere is
avidence that excursions of isocyanate may be more meaningfiul than averages in
creating disease.(3,14) Hyperactive small airways disease has been documented
in workers wearing organic vapor respirators exposed to the very low
isocyanate levels of 0.002 PPM to 0.005 PPM. Some of these workers did not
demonstrate subjective symptoms and so were unaware of their disease.(9,10)
Commonly used text books of occupational health (1,13) state repeatedly that
even where isocyanate vapor levels may not be a problem, if isonyanatz is used
in a spray operation, a serious hazard exists.

If there is concern that in spite of your best efforts a problem remains,
then pulmonary function tests pre-~ and post-work may prove useful. A
significant decrease in the FEF 25-75 between pre- and post-work tests, even
in an asymptomatic individual, is cause to believe that sensitization has
occurred. Immediate removal from work with isocyanates and referral for
pulmonary workup 1Is warranted.

IITI. CONCLUSIONS

The most certain respiratory protection for isocyanate paints is a
supplied air respirator worn at any time an operation is in progress,
regardless of application durationn.

Unprotected individuals should be removed from any possibility of contact
with overspray from spray operations, If spraying is done in an open area
such as a hangar, it i3 not possible to adequately protect others in tne
nangar short of removing them or putting them in respirators.

Be extremely careful of downwind workirs vhen spraving. Recorded episodes
of severe, acute toxicity have occurred over 120 feet downwind.
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APPENDIX A

FLOW RATES NECESSARY FOR PARTICLE CAPTURE




(This page left blank)




\

oL
i

08

(s4eppLu0U0iLL) JejewuDI(
0s oy 0g

! i | . )|

ol

. )

I=a

ascssuay

29s/lWd 661l

0

ﬁO—
[
0¢

paJinbad s) 28s/Wd O
Jo AjooeA aunjdod wnwiuiw o

¥ = (Q) Ayisusp puo
win |{ JO U3jBDIp D 104

painydoo AjpAlosye aq jou |im Apdojea aunydod
J86.0| o Bupnbad spyupd Auy -d8s/Wd GG S
Ajioojea aunydoo Buynsaus ay) 8ay8sSDO I8yl

Jopupw /¢ o Buisn puo ww/) 4o tejou

SaljISuap pup sJajeLUDIP dPPRJInd juaiaiip 40}
AooA aanydod winwiuiw paainbay

- 0¢

- 0V

- 06

- 09

- 0L

(08s/W0) Apoolep eunydo)




(This page left blank)

10




APPENDIX B

SAMPLING AND ANALYTICAL METHODS
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ISOCYANATE GROUP

FORMULA: RNCO
METHOD: 5505
M.W.: varies ISSUED: 2/15/84
OSHA: C 20 ppb (MDI and TDI) PROPERTIES: depend on R- to which isocyanate group
NIOSH: S ppb/10 hr; 20 ppb/10 min is attached; R- may be aromatic,
(diisocyanates) [1] aliphatic, monameric or polymeric

ACGIH: C 20 ppb (MOI); 5 ppm (TOI)

SYNONYMS: various [1], including 4,4'-methylenediphenyl isocyanate (MDI; CAS #101-68-8);
2,4-toluene diisocyanate (TDI; CAS #584-84-9).

SAMPLING _ MEASUREMENT
SAMPLER: IMPINGER 'TECHNIQUE: HPLC, UV DETECTION
(solution of 1-(2-methoxyphenyl)- !
piperazine in toluene) 'ANALYTE: 1-(2-methoxyphenyl)piperazine
]
FLOW RATE: 1 L/min 'PREPARATION: acetylate analyte; evaporate

! toluene; dissolve residue in methanol

VOL-MIN: 350 ( !
-MAX: 600 L 'INJECTION VOLUME: 10 plL

)
SHIPMENT: in vials; flammable liquid 'MOBILE PHASE: 50/50 acetonitrile/0.015 M sodium

! acetate; pH 6; 1.5 mL/min
SAMPLE STABILITY: > 2 weeks !
'COLUMN: octylsilylated silica (Cg), 10-um
BLANKS: 2 to 10 field blanks per set + 1 ! particle size, 25 am x 4.2 mm

initia) reagent blank !
'DETECTOR WAVELENGTH: 254 nm
1

ACCURACY 'CALIBRATION: solutions of 1-(2-methoxyphenyl)-
! piperazine in methanol
RANGE STUDIED: not studied '

TRANGE: 0.24 to 3.5 umol NCO group per sample
BIAS: not determined '

YESTIMATED LOD: 0.2 wmol NCO group per sample
OVERALL PRECISION (sp): not evaluated !

'PRECISION (sp): 0.048 [2]

APPLICABILITY: This method is used to determine the tota) concentration of the isocyanate
group, regardless of the molecule to which the isocyanate group is attached. Monomeric
isocyanates can be individually determined with this sampling reagent [3]. Concentrations of
ureas frcm monameric isocyanates and )-(2-methoxyphenyl)piperazine can be determined
simyltaneously. NIQSH has used this method to sample’ for isocyanate groups and monomeric
2,4-toluene diisocyanate in a urethane foam manufacturing plant.

INTERFERENCES: Phosgene, acid halides and possibly some esters will react with
1-(2-methoxyphenyl)piperazine, consume reaqent, and cause a positive bias.

OTHER METHODS: P&CAM 141, 142, 326, and 347 [4,5,6]) are for monomeric species only and which
are subject to amine interference or use an unstable derivatizing agent. Recent reviews have
been published [7,8].

2/15/84 5505-1

13




ISOCYANATE GROUP

METHOD: 5505

REAGENTS:

1.

- -t

12.

-— O WD~ wN

‘Mobile piuase.

Sampling medium:*
1-(2-methoxyphenyl)piperazine in
toluene (see APFONDIX).

NOTE: Reserve 10 mL of this

solution for analysis (step 15).

Acetic anhydride.

Methanol . *

Acetonitrile.

Deionized water.

Pentane.

Sodium acetate, anhydrous.
Acetic acid, glacial.

Nitrogen.

Toluene.*

Calibration stock stolution,

1 pg/ul. Dissolve
1-(2-methoxyphenyl)piperazine in
methano).

Dissolve 1.2 g
sodium acetate in 1 L deionized
water. Add 1 L acetonitrile. Add
glacial acetic acid as needed to
bring the pH to 6.0.

*See Special Precautions.

EQUIPMENT :

Y.
2.

3.
4.

o wm

—r

11.

2.
13.
14.
15.
16.

1.
18.
19.
20.

O W M~

Sampler: midget impinger, 25-mli.

Personal sampling pump, 1 L/min, with flexible
connecting tubing.

Glass-marking pen.

Liquid chromatograph with‘a UV detector, recorder,
integrator and column (page 5505-1).

. Ultrasonic waterbath.

Vials, 20-mL glass, with polypropylene-lined screw
caps.

Vials, 4-mL glass, with screw caps.

Pasteur pipets, 7-om glass, disposable.

Volumetric flasks, 10-miL. .
Syringes, sizes appropriate for preparing standard
solutions.

Pipets, 2- and 15-mlL glass, delivery, with pipet
bulb.

Hotplate.

Beakers, 250-ml.

Evaporator, Mini-Vap, 6 port, nr egnivalent.
Flask, filtration, 500-mL.

Funnel, Buchner, fritted glass, medium porosity,
100-mt .

Vacuum punp.

Flask, 50-mt, round bottom.

T-adapter, with stopcock.

pH meter.

SPECIAL PRECAUTIONS:

to toluene and methanol vapors.

Sample and standard preparation should be done in hood to avoid exposure

SAMPLING:
Calibrate each personal sampling pump with a representative sampler in line.

1.
2.

3.

wm o

Transfer 15.0 mL sampling medium to an impinger.

with a glass-marking pen.

Connect the assembled impinger to a sampling pump.

Mark the solution level on the impinger

If it is necessary to add solvent

during sampling for proper impinger operation, add only toluene. Do not add more sampling

medium,

NOTE: If an area sample is being taken, the impinger may be packed in ice during sampling

to retard toluene losses.

SAMPLE PREPARATION:
7. Transfer a 2-mL aliquot to a 4-mL vial for evaporating.

8. Add 10 ul acetic anhydride to acetylate the 1-(2-methoxyphenyl)piperazine.

9. Evaporate toluene from sample under a stream of nitrogen while warming the sample on a 40

to 50 °C hotplate.

2/15/84

. Sample 350 to 600 L of air at a sampling rate of 1 L/min.
. Bring sample solution level back to the pre-sampling mark (15.0 mL) by adding toluene.
. Transfer the sample solution to a 20-mL vial for shipment.

Do not rinse the impinger.

5505-2
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METHOD: 5505 ISOCYANATE GROUP

10. Add 200 pt methanol after sample has reached complete dryness.
11. Agitate sample in an ultrasonic bath for 15 min to dissolve residue.

CALIBRATION AND QUALITY CONTROL:
12. Prepare working standards (25 to 450 ug/mL) by adding appropriate aliquots of calibration

stock solution to 2 to 3 mL methanol in a 10-mL volumetric flask. Add 10 ul acetic
anhydride. Mix and dilute to the mark with methanol.

13. Analyze working standards together with samples and blanks (steps 16 through 18). Prepare
a calibration graph of area vs. amount (pg) of 1-(2-methoxyphenyl)piperazine per 15 mlL
original solution.

NOTE: The amount present in an original 15-mL sample is 1.5 times the concentration of the
analyzed solution: (0.2 mL/aliquot) * (7.5 aliquots/sample).

14. Prepare control samples by adding a known amount of a monomeric isocyanate to 15.0 mL
sampling medium and performing steps 7-11 and 16-19.

15. Analyze three 2-mL aliquots of the sampling medium from the same batch used for sampling
(Reagent 1.).

NOTE: These are not the same as field blanks.

MEASUREMENT :

i6. Set up the HPLC system according to manufacturer's recommendations and to the conditions
"given on page 5505-1.

17. Inject a 10-ul concentrated sample aliquot.

18. Measure peak area.

CALCULATIONS:

19. Read amount, M¢ (ug), of 1-(2-methoxyphenyl)piperazine per 15 mL sample from
calibration graph for each sample.

20. Calculate the initial amount of reagent, ug, present before sampling, My, by averaging
the amount determined for the three samples prepared from sampling medium not taken into
the field (step 15).

21. Calculate the concentration of isocyanate groups, C (pmol/m3), in the air volume
sampled, V (L):

_ (Mg - Mg)e0°

o (V

c v ymol/m3.

where 192.26 is the molecular weight of 1-(2-methoxyphenol)piperazine.
EVALUATION OF METHOD:
Lab-tested with 2,4-toluene diisocyanate spiked samplers with independent quantitation of
isocyanate groups fram measurement of isocyanate urea [2]. The average recovery for the sample
preparation procedure of 1-(2-methoxyphenyl)piperazine, as the acetyl derivative, was
determined to be 96% over a range of 8.2 to 813 ug per 15-mL sample. Toluene solutions of
1-(2-methyoxyphenyl)piperazine (15.7 ug per 15-mL sample) were stored at room temperature for
two weeks with no loss of 1-(2-methoxyphenyl)piperazine. Precision was determined from the
analysis of 21 samples which were prepared by adding known quantities of monomeric 2,4-toluene
diisocyanate (0.24 to 3.2 umole) to 1-(2-methoxyphenyl)piperazine in toluene {43 ug/mL).

REFERENCES :
{1] criteria for a Recommended Standard...Occupational Exposure to Diisocyanates, U.S.

Department of Health, Education, and Welfare, Publ. (NIOSH) 78-125 (1978).
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{2] Seymour, M. J. “Determination of Isocyanate Group Concentrations in Air by Derivatization
with 1-(2-Methoxyphenyl)piperazine and Analysis by High Performance Liquid Chromatography”
(in preparation).

[3]) Warwick, C. J., D. J. Bagon and C. V. Purnell, Analyst, 106, 676-685 (1981).

[4) NIOSH Manual of Analytical Methods, 2nd. ed., V. 1, PSCAM 14} and 142, U.S. Department of
Health, Education, and Welfare, Publ. (NIOQSH) 717-157-A (19717). ,

[5) Ibid, V. 6, P&CAM 326, U.S. Department of Health and Human Services, Publ. (NIOSH) 80-125
(1980) .

(6] Ibid, V. 7, P&CAM 347, U.S. Department of Health and Human Services, Publ. (NIOSH) 82-100
(1982).

[7] Melcher, R. G., Anal. Chem. 55, 40R-S6R (1983).

[8) Purnell, C. J. and R. F. Walker, Anal. Proc. }g, 472-4718 (1981).

APPENDIX:

PURLF ICATION OF 1-(2-METHOXYPHENYL)PIPERAZINE AND PREPARATION OF SAMPLING MEDIUM:

Place 25 g 1-(2-methoxyphenyl)piperazine (yellowish white solid) in a 250-mL beaker. Add

. approximately 125 mL pentane. Bring to a boil on a hotplate and allow to boil until all but a
small amount of vellow 0il is in solution. The )-(2-methoypheny))piperazine will melt as it is
warmed in the pentane. Decant the solution into a clean beaker, cover with a watchglass and
then cool in the freezer for 2 to 3 hrs. White fluffy crystals will form. Filter with a
Buchner funnel. Transfer the crystals to a 50-mlL round bottom flask and dry briefly under
vacuum to remove final traces of pentane. Store the hygroscopic crystals in an air-tight
container in a refrigerator. The melting range of the crystals is 26-29 ©C.

Prepare the sawpling medium using the purified 1-(2-methoxyphenyl)piperazine. Dissolve this
reagent in toluene at a concentration of 43 ug/mL.

METHOD WRITTEM BY: Martha Seymour and A. W. Teass, Ph.D., NIOSH/DPSE.
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wCo
FORMULA: % + CoHgh0, TOLUENE -2, 4-DT ISOCYANATE
MJOSH METHOO: 2535

KW.: 174,16 ISSUED: 8/15/87
OSHA: 0.02 ppm (ceiling) PROPERTIES: liquid; MP 19.5-21.5 °C; 8P 251 °C;
NIOSH: 35 pg/m?/10 hrs; 140 ug/m?/10 min density 1.2244 g/ml @ 20 °C;
ACGIH: TWA 0.005 ppm; STEL 0.02 ppm VP ca. 1.3 Pa (0.0) sm Hg ; 0.96

(1 ppr = 7.12 mg/w’ @ NTP) mg/m?) @ 20 °C

SYNONYMS: 2,4-TD]; 2,4-bis(carbonylamino)toluene; CAS #584-84-9.

SAMPLING MEASUREMENT
[}
SAMPLER: TUBE WITH REAGENT-COATED GLASS WOOL  !TECHNIQUE: HPLC, UV DETECTION
(N-[ (4-nitrophenyl)methyl])-
propylamine on glass wool)

ANALYTE: 3,3'-bis[(4-nitrophenyl)methyl}-
3,3'dipropyl-1,1'-(4-methyl-1,3-

FLOW RATE: 0.2 to 1 L/min phenylene) diurea (2,4-TDIU)

VOL-MIN: 2 L @ 0.14 ay/m?
—MAX: 170

RECOVERY: 2 mi CH3OH; ultrasonic bath, 3 min

TINJECTION YOLUME: 50 wl
SHIPMENT: protect from light !

MC3ILE PHASE: 55:45 (v/v) CH3CN:H30 with
0.08% EtaN and 0.6 H3PO,;
1.0 mi/min

SAMPLE STABILITY: at least 14 days € 25 °C [1]

STABILITY OF REAGENT ON GLASS WOOL: '
<7 days 8 25 °C; > 4 weeks @ -2) °C DETECTOR: UV @ 254 m
FIELD BLANKS: 10X of samples COLUMN: 25 on x 4.6 mm; octadecylsilylated

silica, S5-um particle size

ACCURACY {CALIBRATION: standard solutions of 2,4-TOIU in

ChOH
RANGE STUDIED: 0.039 to 0.53 mg/m®[1] !
(67-L samples) TRANGE: 0.3 to 25 pg 2,4-TDI per sample
[}
BIAS: none found (1] LESTIMATED (00: 0.1 pg 2,4-TDI per sample
]
OVERALL PRECISION (s.): 0.033 [1] IPRECISION (s.): 0.067 [1)

APPLICABILITY: The working range is 0.004 to 0.35 ppm (0.03 to 2.5 my/m®) for a 10-L air
saple. This method is applicable to isocyanate vapors (2,4-TDI vapor, 2,6-TDI vapor, and
hexamethylene diisocyanate (HOI) vapor) [2,3], but not aerosols because of inefficient
collection of aerosols and incomplete reaction of aerosol isocyanates with reagent.

INTERFERENCES: The reagent is slightly unstable in the dark at 25 °C. Tailing during HPLC, a
result of reagent deterioration, may raise detection limits .

OTHER METHOOS: This revises PSCAM 326 [4). Sangd used similar HPLC conditions [5]. melcher
reviewed methods for isocyanates [6].

8/15787 25351 H10SH Manual of Analytical Methods
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JOLUENE-2, 4 DI ISOCYANATE

METHOO: 2535

REAGENTS:

1.

2,4-TDI* (see APPENDIX R

2. W-[{&-nitrophenyl)methy

-

13.
4.
1s.

16.
7.

propylamine hydrochloria

. 2,4TDIU (see APPENDIX &
. Methanol, chromatographt quality.
. Calibration stock solutim,

10 mg/mL. Dissolve SO g
2,4-TDIU in methanol tomke S ml
solution.

MWater, distilled.

NaOH, 1 M.

Toluene, reagent grade.

. Dichloromethane, reagentgrade.
. Kexane, reagent grade.®

. Nitrogen, purified, compessed.
. Mobile phase.

Mix 0.8 ;8
triethylamine and 1.6 =
H3P0, with 1 L 55:45
CH3ON:HRO (v/v).*
Dibutylamine, 99% pure.
Tetrahydrofuran, reagentgrade.*
8romocresol purple indimtor
solution.

HC1, 0.05 M, standardizg
2,4-T0I stock solution,

100 mg/m_. Dissolve SOtmg
2,4-101 in dichloromethm to
make S mL solution.

*See SPECIAL PRECAUTIONS

n.

12.
13.
4.
15.
16.
V1.
18.
19.
. Sorbent tube, glass, Jom x 6 mm, coconut

. Sampler:

W~ NN aWwWN

EQUIPMENT :

glass tube, Bom x 6 wm 1D, containing
two sections of reagescoated glass wool (see
APPENDIX C); front secion, 7 sm long, back
section, 5 mm long. Wegent-coated glass wool is
campressed tightly. %l ends of sampler with
plastic caps. Wrap aiection of sampler with
black tape. Protect mpler from light. Sampler
may be stored at -21 Win the dark for at least
four weeks. Limit perod of storage of sampler at
25 °C in the dark to men days.

Separatory funnels, 1Eai.

Beakers, 50- and 125-a

Aluminum foil.

Glass wool, silanized.

.Glass rod, S omx 4 m
. Tweezers,
. Glass tube with rightagle bend, 4.5 om x 6 mm 1D,

wrapped with black tam

. Rubber tudbing, opaque&S om x ca. 8 mm 0.
10.

Personal sampling pump 0.2 to ) L/min, with
flexible connecting teng.

High pressure liquid chamatograph, 254-nm WV
detector, integrator,md column (page 2535-1).
vials, glass, 2-ml, cap lined with PTFE.
Pipets, 2-, 15, and Eml.

Ultrasonic bath.

Syringes, 100-pl, reahle to 1 pl.

Syringes, 10-pl, readsle to 0.1 yl.
Yolumetric flasks, S«

Buret, SO-mli.

U-tube, glass, 25 om x15 mm 10, glass stopcocks.

shell charcoal, ca. 1Smg.

SPECIAL PRECAUTIONS:
and allergic eczema.

.C,

and -6 *°C, respectively.

2,8 T can irritate the eyes and skin, and am cause bronchia) asthma
Flash pints of hexane, tetrahydrofuran and tiethylamine are -26 °C, -17

SAMPLING:
Calibrate each personal smpling pump with a representative samfer in line.

1.
2.

3. Sample 2 to 170 t of airat 0.2 to 1 U/min,

Remove plastic caps fromsampler.

Attach one end of glass tubswith right-angle bend

directly to inlet of sasger with short piece of opaque rubber abing.

SAMPLE PREPARATION:

4. Transfer front and back mctions of reagent-coated glass wool txseparate vials.
methanol,

Seal vials,

Seal ends of sampl with plastic caps.

Add 2 ml

S. Place vials into ultrasaic bath for 3 min.

8/15/87
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METHOD: 2535 TOLUEWE -2, 4-DI ISOCYANATE

CALIBRATION AND QUALITY CONTROL:
6. Calibrate daily with at least five working standards over the range 0.3 to 80 ug 2,4-TDIU
per sample (equivalent to 0.1 to 25 ug 2,4-TDI per sample). -
a. Prepare a series of standard solutions of 2,4-TDIU in methanol over the range of 0.15 to
40 yg/ml.
b. Analyze together with samples and blanks (steps € and 9).
c. Prepare calibration graph (peak ares vs. yg 2,4-TDIU).
7. Determine recoveries from samplers in the range 0.3 to 25 yg 2,4-TDl per sample. Prepare
three samples at each of three levels plus three media blanks.
b NOTE: Recoveries should be quantitative. If recoveries are not quantitative, attespt to
determine the reason for error.
a. Prepare a series of standard solutions of 2,4-TDI in dichloromethane in the range 0.06
. to S mg/mi.
b. Connect a U-tube to the inlet of a sampler with 2 short piece of tubing.
NOTE: The length of tubing should be minimal to prevent losses of TO] by adsorption or
reaction on the inside wall of the tubing.
¢. Connect charcoa) corbent tube to inlet of U-tube.(charcoal can adsord contaminants of
atr which would react with 2,4-7D1).
d. Draw ambient air through the charcoal tube, U-tube, and sampler with a sapling pump at
1 Umin.
e. Place 5 ul of a standard solution of 2,4-TDI into the U-tube.
f. Allow operation of the pusp to continue for 20 min.
g. Analyze the sampler for 2,4-TOIU (steps 6 and 7 and 10 through 12).

MEASUREMENT :
8. Establish chromatographic conditions indicated on page 2535-1,
9. Inject sample aliquot manually or with autosampler. Measure peak area,

CALCULATIONS:
10. Determine the mass (ug) of 2,4-TDIU found on the sample front (W) and back (W)

sections and in the average media blank front (Bf) and back (8,) sections.
NOTE: If W, > Wg/10, report breakthrough and possible sample loss.
11. Calculate concentration, C, of 2,4-TD! in the air volume sampled, Vv (L):

. 0.310 (K¢ + W, - B - By)
i v

m/m®,

where 0.310 = M.W. of 2,4-TDI/M.W. of 2,4-TDIU.

EVALUATION OF METHOO:

A variation of this method which involved normal-phase HPLC (Method PLCAM 326) was tested with
fortified samplers and atmospheres generated with a diffusion cel) [1,4]. Average recoveries
of 2,4-TDIU fram front sections of reagent-coated glass wool were 0.97 to 0.99 after
applications of 1.0-, 2.1-, 9.9-, and 20.0-pg quantities of 2,4-TD! from a U-tube; S, was
0.067 (21 samples, pooled). s, was 0.032 {29 sagles, poolcd) for 67-L samples at 0.039 to
0.53 my/m*. The independent method used for evaluation was that of Meddle and Wood [7].
Average concentrations ranged from 0.054 to 0.46 mg/m® by the independent method [1].
Conclusive evidence for bias in the reagent-coated glass wool method was not found.
Breakthrough volume was 71 L (0.53 mg/m®, 1 L/min); breakthrough volume was 279 L (0.14
mg/m?, 1 L/min). 2,4-TDIU was stable on coated glass woo)l at room temperature in the dark
for 14 days. The reagent, M-[(4-nitrophenyl)methyl]propylamine, is unstable [1].

8/15/817 2535-3 N10SH Manual of Analytical Methods
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{OLUENE -2 , 4- DI ISOCYANATE METHOO: 2535

Evaluation of samplers with 2,4-TDI aerosols was not performed. However, samplers were
inefficient collectors when aerosol particles were present in an atmosphere of

4,4' -methylenediphenylisocyanate (MO1). The collection efficiency of each sampler for MDI was
about 90% (flow rate, 1 U/min; total concentration of MDI in vapor and aerosol forwms, about
0.52 mg/m®; mass median diameter of MDI particles, about 0.6 m; geametric standard
deviation, about 2.2) [1].

REFERENCES:
(1) Tucker, S. P., and J. E. Arnold. Anal. Chem., 54, 1137-1141 (1982).

[2] Swinehart, G., K. Mulligan, C. Rice, R. McKay, N. Gener, and 6. E. Burroughs.
*Hexamethylene Diisocyanate Monomer and Prepolymer Characterization," presented at the
Mmerican Industrial Hygiene Conference, Ballas, TX (May 20, 1986).

{3) carson, X. A, “lIsocyanate Monitoring Using K-p-nitrobenzyl-N-propylamine glass fiber
sampling tube,” OEHL-82-022EH163HAE, Air Force Occupational Envirommental Health
Laboratory, Brooks AFB, TX (1982); report (No. AD-A119901) available fram NTIS,
springfield, VA 22161.

[4) NIOSH Manual of Analytica) Methods, 2nd ed., Vol. 6, P&CAM 326, U.S. Department of Health
and Human Services, Publ. (NIOSH) 80-125 (1980).

[S) Sangd, C. J. Lig. Chromatogr., 2, 763-774 (1979).

{6] melcher, R. G. Anal. Chem., 55 40R-S6R (1983).

[7) meddle, D. W., and R. Wood. Analyst {london), 95, 402-407 (1970).

[8] Hastings Yogt, C. R., C. Y. Ko and T. R. Ryan. J. Chromatogr., 134, 451458 (1977).

METHOD REVISED BY: Samuel P. Tucker, Ph.D., NIOSH/DPSE.

APPENDIX A: Determination of Purity of 2,4-TDI

Dissolve 480 ul (365 mg, 0.00282 mole) dibutylamine in 10 mL tetrahydrofuran. Add 100 ul
(122 mg, 0.000701 mole) 2,4-TDI. Stir the mixture and allow to stand 6 min. Add a few drops
of bramocresol purple indicator solution. Prepare two additiona) samples in this manner.
Titrate excess dibutylamine with 0.05 M HC1. Calculate percent purity, P, of 2,4-TDI for each
sample:

. (B - Vem) |
P - = 100.

= Molar quantity of dibutylamine before reaction (0.00282)
= Volume of 0.05 R HCY (L)
Concentration of HC1 (0.05M)

= Number of moles of dibutylamine required to react with 1 mole of 2,4-7D!
= Molar quantity of 2,4-TD] andded to tetrahydrofuran solution (0.000701)

£ v 2 « @
"

APPENDIX B: Preparation of 2,4-TDIU [8)

Dissolve 1.03 g (0.00446 mole) N-[(4-nitrophenyl)methyl]-propylamine hydrochloride in 25 mi
water in & 125-ml separatory funnel. Add 15 mL ) M NaDH and shake the mixture. Extract the
N-[(4-nitrophenyl)methyl)propylamine with S50 mL toluene, and separate the phases. Add a
solution of 262 ulL (321 mg, 0.00184 mole) 2,4-TD! in 30 ml toluene to the soiution of

N[ (4-nitropheny])methyl Jpropylamine. Collect the precipitate by filtration. Purify the
product by dissolving it in a small volume of dichloromethane and precipitating it with
hexane. Dry the product 1n vacuo (WP - 136 to 139 °C).

B/15/87 25354 WI1OSH Manual of Analytical Methods
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METHOO: 2535 TOLUENE -2, 401 ISOCANATE

APPENDIX C: Preparatis of Reagent-Coated Glass Woo!l

Dissolve 300 mg (0.00W mole) N-[(4-nitrophenyl)methyl)propylamine hydrochloride in 25 ol
witer in a 125-ml sepastory funne). Add 15 ml ) M NaOH and shake the mixture. Extract Se
K-[ (&-nitrophenyl)meth¥lpropylamine with 50 m( hexane. Transfer 40 miL of the hexane solgion
to 3 50-ml beaker whidkis wrapped with aluminum foil and contains 1.82 g sflanized glass
wool. Under dim Yight_evaporate hexane from the beaker with the alid of a stream of nitrgen.
Knead the glass woo) Wh 2 glass rod to produce a uniform coating. Continue tc evaporats
hexane untl) the glasswoo) appears dry. Protect the coated glass wool from bright light. The

quantity of coated glas wool is sufficient for the preparation of the front and back secions
for twenty samplers.

8/15/81 5I5-5 M10SK Manual of Analyticaltethods
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DIISOCYANATES

TOLUENE -2, 6-DIISOCYANATE (2,6-TDI1)
1,6-HEXAMETHYLENE DLISOCYANATE (HDI)
TOLUENE-2, i-DI1SOCYANATE (2, 4-TDI)

Method no.: We
Matrix: Alr
Procedure: Samples are collected by drawing a known

volume of alr through glass [fivber filters
coated with 0.1 mg of 1-(2-pyridyl)piperazine
(1-2PP) which are contained in open-face
casselten., Samples are «xtracted with 90/10
(v/v) acetonitrile/dimethyl sulfoxide (ACN/
DMSO) and analyzed by high performance liquid
chromatography (HPLC) using an ultraviolet or
fluorescence detector. (The coated filters
used in Method 47 for MDI are also acceptable
for this procedure. Those fllters are coated
with 1 mg inatcad of 0.1 mg of 1-2PP.)

Recommended air volume
and sampling rate: 15 I, at a flow of 1 L/min

Special requirements: It Is recommended that coated glass liber
filters be stored at reduced temperature until
used for sampling.

Status of method: A sampling and analytical method that has becnh
subjected to the established evaluation
procodures of  the Organic Methods Evaluation
Heaneh,

Date: February, 1983 Chemist: Donald Burright

Carcinogen and Peusticide Branch

OSHA Analytical Laboratory
Salt Lake City, Utah
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(Title page continued)

2,6-TD1 HOI 2, 4-TuI
Target concentration QLA PEL)
ug/m’ 1ho 140 140
ppb 20 20 20
Detection limit of the
overall procedure:
ug/m? 1.0 2.3 1.3
ppb 0.73 0.3? 0.17
Reliable quantitation
limit:
pg/m’ 2.3 2.9 2.5
ppb 0.3 0.43 0.36
Standard error of estimate
at target concentration, %
{Section 4.9.) - 7.63 7.79 6.89

(Air concentrations are baned on 15-L
air sample volume)
(ppb = part per billion)
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1. General discussion

1.1,

Background

1.1.1.

History of procedure

Some of Lhe earlliest procedures to determine atmospheric
diisocyanale concentrations were developed by Ranta and
Marcali (Ref. &.1.). Both of theuye procedures are
inconvenient as they usce a bhubbler for sampling and their
colorimetric analyses arc non-specific. A later sampling
procedure  uses p-nltrobenzyl-N-n-propylamine (nitro
reagent) in toluene bubblers (Ref. 4.2.). While this
method {3 specific for dilsocyanates, it still retains the
use of the bubbler and nitro reagent. which is unstable
when stored for long perfods of Uime, even if it Is kept

at reduced Lemperature, The past couple of years have
seen veveral new derivatizing reagents being used,
N-mcthyl-1-naphLhalencmethylamine (Ref. 5.3.),

9-({n-mcthyluminomethyl)-anthracene (Kef. 5.4.) and 1-2PP
(Ref. 5.5.-5.7.). The collection procedure of these new
studies all involve the wuse of toluene bubblers. The
purpose ol this study was to find a collection system that
does not use a bubbler, yet retains the sensitivity,
preclsion and accuracy of the nitro reagunt method.

1=-2PP 13 a sultable derlvatlzlng reagent, when coated on a
glass Ciber lilter, for several reasonu:

1) The high boiling llquid is retained on & glass liber
"filter and stability ls not u problom.

2) The rapid and exothermic reaction with both aromatic
and aliphatic dilsocyanates results in derivatization
on the rilter (Ref. 5.7.).

3) The derivatives have higher molar absorptivities in the
UV reglon Lthan those Cformed with nitro reagent whicn
allows the extraction volume to be larger without loss

. of gensitivity (Hef. H.5.).

This procedure compares [favorable when Lested side-by-side

with Lthe nitro reagent method Ly Cummins (Ref. 5.10.) for
2,4-TDI. (Scection U4.10.). Additional work is being done
to study U4,4'-methylenediphenylisocyanate (MDI) and iso-
phorone dilsocyanate (IPDI) wusing 1-2PP as the deriva-
tizing rcagent.

142-1
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1.1.2. 1oaxic effects (Thia section is for {nformation oanly and
should not be taken as & basis for USHA policy.)

Continued tnhalation ol dilsocyanale  vapory or mists can
fagse nausca, headache,  coupghing, {rritatton of the nose
and throat, shortness  of  beeath and  chest dtacomtort.,
Massive  exposure  ¢ian cauune severe coughling  spasmg,
bronchitis and chemical pneumonitis. rhome people can
brcome sensitized to isocyanates and may suffer asthmatic
attacks and respiratory distress when aubsequently exponsed
Lo very low concentrations (Ref. 4%.9.). Recent studies
hive produced conflicling resuits  about the mulapenielny
of TDL (Ref, 5.1, and  %.9.). Nov data hies been Pound Lo
indicate that diisveyanates are carclnogenic or terato-
genic (Ref. 5.1. and h.9.). _

1.1.3. Oprrations wheroe exposure may occur

The manufacture of polyurethane foims, coatings, and
clastomers potenti{ally exposesa a minimum of 100,000
workers to diisocyanates (ref. 5.2.). Diisocyanates can
be found in paints, Insulation, adhesives, automobile
bumpers, shoe svles, and hunidreds of other applications
(Ref. 5.2. and S.R.). Over 700 million pounds of
1iisocyanates were produced in 197% (Ref. 5.2.).

1.1.4, Physical propertics

?2,6-TDI HD1 2,U-TDI
CAS number 91-08~7 822-06-0 584-8u~9
MW 174,16 168.20 178,16
BP, °C € mm Hg 96 € 1.5 213 € 760 251 € 760
MP, °C 8 =55 22
Specific gravity
e 715°C N/A 1.05 1.22
Vapor pressure, mm Hg N/A 0.05 0.025
Color Al)l colorless to pale yellow
Odor All sharp pungent
¥lash point (closed
cup), °C N/A 140 127

(N/A = Not Avallable)

Synonyms and structures - See Figure 1,1.1,

1.2. Limit defining parameters (The analyte alr concentrations listed
through this method are based on an alr volume of 15 L and an
extraction volume of 2 mi.)

k2-2
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1.2.1.

1.2.2.

1.2.3.

f

Detection limit of the analytical proccedure

The detection limit of the analytical

mass of analyte per injection which will
whose height is aboul five times the

baseline noise, Scection 4,1.)

procedure is the
result in 3 peak
ampl itude of the

The Detectlon lLimit of the Analytieal Proucedure
ng/injcction
2,6-TDL HOI 2,4-TDI
0.18 0.18 0.18

Detection limit of the overall procedure

The dctection limit of the overall procedure is the amount

of analyte spiked on the sampling device which allows
rccovery of an amount of analyte woquivalent to the
detection limit of the analytical pronedure. (Section

4.2,)

The betection Limits of the Overall Procedure

2,6-TDI HDT 2,u4-TDI
ng/sample 24 33 19
ug/m? 1.6 2.3 1.3
ppbL _- 0.23 0.3 0.17

Reliable quantitation limits

The recliable quantitation limit is the smallest amount of
analyte which can be quantitated within the requirements
of at least 7%% recovery and 4 precision (1,96 SD) of 125%
or hetter. The reliable quantitation limits are higher
than Lhe detection limlts of the overall procedure Lo
satiafy Lhe precision requirement, (Section H.3.)

The Relliable Quantitation Limits

2,6-TDI HDI 2,4-TDI
ng/ sample Y Ny 39
pe/m? 2.3 2.9 2.5
ppd 0.32 0.43 0.36
Wa-3
27




1.2.6.

- ————

Thne reliable quantitation limttnh'und detectlon timils

reported 1n the method are  haged upon optimtuation of Lthe
instrument for the smaltest  poastble  amount ol nnnlytn.
When the target concentration of an analyte o exesplions

ally nigher than theae timita,  they may not be atiatnahle
at the routine operating parameters,

Sensitivity

The aensitivity of Lhe analylical procedure 13 determined
by the slope of the calibration curve over Jd concentration
range 0.9 to 2 times the targel concentration. The
sensftivity will vary somewhat with the particular
instrument used in Lhe analysia. (Section 4.5.)

The Sensitivily of Lhe Analytical Procedure

2,6~Ti HDI 2,4-TD1

Area units
per ug/ml 85600 84300 159000

Recovery

The recoveries of the analytes from samples used in the
18-day storage tests remalned above Lhe values presented
pelow. These values are determined from the calculated
regression lines of the storage graphs. (Section 4.9.)

Recovery, ¢

T °C 2,6-TDI HDI 2,4-TDI
-25 86.3 81.1 81.3
22 86.4 83.0 80.3

The .recovery of analyte from the collectlon meﬁium during
storagt must be 75% or greater.

Precision (Analytical method only)
The pooled coefficients of variation obtalined from

replicate determinations of analytlical standards at 0.5, 1

and 2 times the targel concentration are presented below.
(Section N, 4.)
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1.2.7.

1.2.8.

1.3.

1.3.1,

The sampling and

The Pooled Coefficients of Variatinn

?,6-TDLL HLI 2,4-Tul

0.009 0.013 0.009

Precision (Overall procedure)

The overall procedure must provide results at the target
concentrations that are :2%% or better a4t the 95% confi-
dence level. The precisions at Lhe 956% confidence level
for the 18-day storage teat are presented below. (Section
4.9.) The reported valuen cach include an additional 5%
for sampling crror,

Precisfon at the 9%% Confidence l.evel, %

2,6-TbL HDI 2,4-TDL
14,9 15.2 13.5
Reproducibilily
Five samples, prepared by vapor spiking, and a draft copy

of this procudure were
with this cvaluation. The samples woere analyzed after 6
days of storage at -25°C, The diala listed below are
corrected for exiraction efficlency (Scetion 4.8.).

given to a chemist unassociated

Recovery 3

2, 6-TDL HD1 Fu-TDI
X 101.5 100. 4 105.4
SD 1.6 2.0 2.

Advantages

analytical procedurcs are Specific and
sensitive for several diisocyanates employed in industry
(Ref'. 5.7.). >

The vollection system is less cumbersome than the use of a
bubbler.

1=21P is more ustable and  less  cxpensive than p-nitro-
benwy L-N-n-propylamine, (nitro reagent).

=t
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1.4, Disadvantages

The use of pecak ratics Lo conflrm low concentrations of dlisovya-
nates is impractical due to Lhe amall response at 313 am.

2. Sampling procedure
2.1. Apparatus

2.1.1. Samples are collected by  use  of o personad sampling pamp
thiat can he calibrated Lo within 5% al Lhe roecommended
flow rate with the sampling Jdeviee in line,

2.1.2. A threc-plece styrene  cassclte containing o glaas fiver
filter coated with 0.1 mg of 1-2PP and a backup pad. (See
Fig. H.13010)

2.1.3., Coated fliters are propared by applying 0.5 oL o a
solution of 0.2 mg/ml. 1-2I'F in mcthylene chlorlde to each
glass "iber filter, The wel filters are allowed to alr
“dry before placing In a jar, Vacuum i3z applied to the jar
to remove residual methylene chloride. (The coated
“ililers used in Mcthod W7 for MD1 are also acceptable for
this procedure. These filters are coated with 1 mg of
1=20F and are prepared as above except a 20 mg/ml solution
of 1-2PP in methylene chloride is uused.)

2.1.4. Coated f{lters should be stored at reduced temperature as
a precaution.

2.2. Reagents
None are roquired,
2.3. Sampling technique

2.3.1. Removc the 1inlet cover f(rom the three-plece cassette,
Save cover for installation after sampling.

2.3.2. Attach the cassette in the breathing zone of the employee
to be ponitored.

2.3.3. The recommended f{'low rate {3 1| L/min with a recommended
total air volume of 1% L.

2.3.4, After sampling for the appropriate time, remove the
sampling device and reinstall the small plug and tnlet

.caver,

2.3.5. MWrap each sample end-to-end with an OSHA Form 21 seal.

-6
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2.4,

2.3.6.

2.3.7.

with each set of samples, submit -t 1c¢ast one blank
sample. The blank should be 3ubjected to the same
handling as the samples except that no air is drawn
through {t.

Bulk samples aubmitted for analysis must be shipped in
sealed vials and in a separate contalner.

Retention efficiency

2.4.1,

Experimental design

Due to present laboratory limitations, controlled test
atmospheres of diisocyanates cannot effectively be
generated. However, the following procedure using a vapor
spiking technique was wuscd as an  alternative to study
analyte recLention. Thin was done to approximate the
recommended open-face collcction of diisocyanates, *

A glass syringe barrel equipped with 4 Lluer taper tip was
silanized and silantzed glass wool was placed into the
syringe. The lLuer tip was inserted into the inlet part of
a cassette so that the tip was [lush with the inside
surface of the cassettc. The other end of the syringe was
attached to a sampling port. The outlet of the cassette
was attached to a vacuum pump. A critical orifice between
the cassette and the pump maintained a constant 1t L/min
flow rate.

Dry air samples werc prepared by attaching a dry air
source to 4 manifold inlet. Humid air samples were
generated by passing air through water in a controlled
temperature water bath. 7The humidity was monitored in the
sampling manifold via a humidity probe. The glass wool
was spiked with diisocyanate in methylene chloride. The
denired quantily of alr was then drawn through the glass
wool, at a (low rate of 1 L/min, and onto the coated
filter, which was analyzed to determine analyte loss.

Retention results

Humidity has an ef'fect on the abllity of a glass fiber
filter Lo retain derivatized diisocyanates. When a sample
of ten Limesa Lhe target  concentration is vapor generated
and 200 L of dry air (12% humidily) is drawn througn the
filter, an average of Y5.H4% of the diisocyanates is founc
on the coated filter. Only 1.2% is found on the backup
pad.

When higher relative humidity (K.H.) 1is added to the
sampling system, a different result is obtained. Samples,

oo
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2.5.

2.6.

2.7.

2.8.

ab o the L goet
pulled through
2 loss of

vapor apiked  with 20 L wof  dry air
cencentration and with humid air (785 R.H.)
Lne casselbies At Scveral known afr volumen, stow
ditsveyanate dgerivalive, Based on an extrapoliation of
thaese resulls, the  recommended maximuin Arr volume shoyla
be BO L. Execccding Lhin amount could renalt in leas than
3 recovery of  Lthe il {nocyiiiate  entering the casnet L,
fe:crion 4.6,)

Extraction efficiency

The averayge coxtraction cMliciency for each of the analyten s
at Lhe targel  concentratfon oun  a  coated Rbcw Phbee idier e
presenteg brelow, (Section 1.7.)

Average Extraction Efrlciencies, bs

2,6-TDI HD1 2,4-TDI

91.2 93.3 90.8

Recommended 4ir volume and sampling rale

2.6.1. The rocommended air volume is LS P

2.6.2. The recommended air sampling rate {s 1 L/min,

Interferences

Any compound, that could be collected on the glass fiber filter
that could react with the 1-2°PP or compete with {t {n the reaction

to derfivatize the dilsocyanate, ghould be cons{dered as an
interference, Potentlial interferences innlude anhvdrides, amines,

alcohols and ciarboxylic acids,
Safety precautions

The sampling cquipment should be attached to the worker in such a
manner that it will nobl interfere with work performance or safety.

Analytical Procedure

3.1,

Apparatus
3.1.1. High performance liquid chromatograph equipped with Uv
detector, manual or automatic sample injector, and chart

recorder.

3.1.2. HPLC stainless ateel column capable of separating
diisocyanate derivatives. The column employed in this
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3.2.

Study was 4 2% cm x .6 mm ID siainless steel column
packed by Alltech with 10 micron C,.

3.1.3. An electronic Integrator, or some other sultanie method c¢f
determining pedk areas.

3.1.40 Vials, h-ml. with Teflon-lined caps.

3.1.5. Syringes, of convenient sizes for  sample  and standarg
prreparations and injections.

3.1.6. Volumetric pipeties and flasks *for preparation of
standarrds.

3.1.7. Sultable glassware for preparation of dilsocyanate urega
derfvatives. -

3.1.8. Micro-analytical hialance used Lo weigh standard
preparation:.

Reagents

3:2.1. HPLC grade methylene chloride, hexane, acetonitrile, and
dimetnyl sulfoxiage.

3.2.2. HPLC grade water., Our laboratary employs i commercially
avallable waler fillration system  far Lhe oreparation of
HPLC grade water.

3.2.3. 1=(2-Pyridyl)piperazine, Aldrich, Milwiaukee, WI.
3.2.4, 2,06-TDLLl, Carbolabs, Inc., New Haven, CT,

3.2.5. HBl, Aldrich, Milwaukee, WL,

3.2.6. 2,4-TDI, Eastman Chemicals, Rochester, NY.
3.2.77. HPLC grade ammonium acclate.

3.2.8. Glacial acetie acid,

SLamdard preparal. ton
rd

30300 A solution containing 3% g ol 2 h-TL] in 2% al of
melhylene chloride 1o slowly  udded to o slirred soluticor
of fL2% g oof 1-2PP in 100 mlL ol melnylene: chloride. The
solution is then hested to o 3%°C for 10 minutes. The
product iz precipltated with  hexane, (precipitation may
starl wilhoul adding hexane), [filtercd, redissolved in 2
minimal volume of methylene c¢hloride and reprecipitaten.
The precipitate i3 filtered and washed with hexan«
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et

(approximate yleta is 9 g o Lhe derivative fl&wr nnxnﬁ
gried Dy vacuum). Thin  preparation oo medid Lot ton ol
thw procedure roporbed by oty e Al (et Y
Desivatives of Lhe two other diisoceyanalbon e e p el by
A similar procedure,

Proparation of working range standards

A stock standard solution (5 prepared by dissolving tne
drisocyanate dertvatlves inlo  DMIO, To  wxpress  the
gerivative as frec diisocyanate, the amount of 2 U-TDI and
SoB-TDE ureay  wolphcd  in o molliplbied by  Lhe converogen
actor 0, 3479

MW TOI 174,16 .
- . R . 0.34

MW urnn 500, 61 ©.3u19
Similarly, the econveralon factor for HDL urea 135 0.3400

MW 11DS 168.20
MW urea noN .64 0. 3400

ALl dilutfons of the stock solutions are made with
avclonitrile Lo arrive at the workling range.

Sample preparation

R

3.4

4,

The styrene cassette in opencd and the glass {iber filter
is placed into a MN-mL vial so that the filter is flat

against the inside surface’ of the vial, not folded or
crumpled.

Two ml. of the  extracllng  solullon, Y0/Z10 (v/v) ACN/DMSO,
are andded,

Al S d man gy
St o ogus oped

with oo Termlon linee s anstallea

The vial i3 shaken Lo remove large Air bubbles from

between Lhe filter and the glaseo. l.et the vial set for
one hour.

H2-1¢
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5. 5.

3.6.

Analysis

3.5.1.

3.5.2.

3.5.3.

Reverae nnane HIPLC conditiong

Column: 25 cm x 4.7 mm ID stainless Steel
column packed with 10 micron All-
tech C, or suitable equivalent,

Mobile phase: 0.0y M ammonium acetate 1n 37.57/
62.5 ACN/wuter (v/v) adjusted to pA
6.2 wilh acotic acid

Flow Hate: I mL/min

UV Deteclor: : 2540 and 313 om

Fluorc.cence Detector: J40 nm excilation
370 nm emission

Injection sive: 10=-24 yb

Chromatograms (Sectfon 4,11.)

An cxternal ctandard procedure 15 used to prepare a
calibration curve using 4t 1lcast 2 sinck solutions from
which dilutions are made. The calibratior curve !s
prepared daily. The samples are bracketned with analytical
standards.

Interferences

3.6.1.

3.6.2.

3.6.3.

Any compound having the same retention time as the analyte
is a possitle interfcrence. Benzaldehyde is an interfer-
ence for 2,4-TDI urea wusing the aforementioned analytical
conditions but is not normally cxpected to be found.
Generally, chromatogrdphlic conditions can be altered to
soparate an fnterference.

Compounds that can react with o ditsocyanate represent a
potential Interference. These include molecul es
contalning the following [functional groups: amines,

alcoholys, phenols, and carboxylic arids., Compounds, such
as anhydrides, that will react -with 1-2PP should be
consldered as potential interferencec also.

Retenlion time on a single column is not proof of chemical

fdentity. Analysls by an  alternate column system,
Tattolng of wavelenglh response, and mass spectrometry are
additional means  of  identity. (en UV spectra for

di isocyanate derfvatives, Figures 4.12.1,-4.12.3.)

LR
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4,

Talculations

Tre concentration in pg/mb of  diitsovysnale prasent booa aamphe b
getermincd from the arca response of tLhe analylen as measured by
an electronis integrator or peak  heignts, Comparison of samplc
response with a least asquarcy curve it for atangards allows the
analyst Lo c2termine the concentration of diisocyanalce vn pp/mb

for the sample.  Since the swaple volume is 2 ml,, Lhe resalis in
pg/m’ of air are cxpressed by Lhe Following equit.fon:
pg/m? = Cup/ml) (7 mL)/(m? of nfr sampted) (Extraction EIL)

SafeLy precautions
3.8.1. Avnid skin contact with all solvents.
3.8.2. Weur safety glanses at all times.

3.8.3. Avpid ¢xposure to the di f{ so¢yanates standaras.,

Backup data secction

4.1,

b,

Detection limit of the analytical procedure

The detectinn limit of the analytical procedure was 0.18 ng for
all three analytes. 'This amount produced a peak whose height was
about 5 times the height of the basellne noisc. The injection
size recommended in the analytical procedure (10 pL) was used in
the determination of the detection limit for the analytical
procedure. (Figure 4,1.).

Detection limit of the overall procedure

4,2.1. The following data were obtalned by vapor spiking
increasing amounts of the analytes onto sampling devices.
The Injectlon size recommended In the analytical procedure

(29 uL) was used to dcetermine the detectlion limit of the
overall procedure.

42-12
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FORMULA: TDI: CHaCgha(NCOY- 1SQ7YANATES
MDI: Cho{lghgNCO)2 METHOD: 5852
HO1: OCN(Ch,)gNCO 1SSUED: 5/15/89
M.w.: TDI 174.1€: MOLI 250.26; HDI 168.2C
OSHA/NIOSH/ACGIH: Table | PROPERTIES: Table )
SYNONYMS: Tabre !}
SAMPLING MEASUREMENT
SAMPLER: IMPINGER 'TECHNIQUZ: HPLC, ELECTROCKEMICAL and UV

tsolution of V-(2-methoxyphenyl)-
piperazine 1n toluene)

FLOW RATE: ) {/min

VOL-MIN: 5 L @ 35 pg TDI/m3
~MAX: 500 L

SHIPMENT: ship in screw—cap vial
refrigerated € 4 °C or lower

SAMPLE STABILITY: may be unstable: perform
steps 8 & 9 as soon as
possible

FIELD BLANKS: 10% of samples

ACCURACY

RANGE STUDIED: not studied
BIAS: not known

OVERALL PRECISION (s.): not known

! DETECTION

'ANALYTE: urea derivatives of 1socyanates

!

'SAMPLE PRE?: acetylate excess reagent, evaporate
! toluene, redissolve in 5 mL CH,0H

'INJECTION VOLUME: 10 pt

'MOBILE PHASE: acetonitrile (20% to 40%)/pH 6.0

' methanolic buffer (807 to 60%);

! 1 mL/min; ambient temperature
!COLUMN: Supelcosil, LC-8-DB, 3-um particie size,
! 7.5 cm x 4.6 mm; 2-cm guard column,

! 10-pm particle size

!DETECTORS: UV, 242 nm; ECHD, + 0.80 V vs. Ag/agC]

'CALIBRATION: standard solutions of ureas in

! methanol

1

!RANGE: 2,4-TDI: 0.5 to B pg per sample
! 2,6-701: 0.7 to 10 ug per sample
! MDI: 0.3 to & pg per sample
! HDI: 1 to 15 g per sample

VESTIMATED LOD: ca. 0.) pec diisocyanate per sample

!PRECISION (s ): not determined

APPLICABILITY: The working range is from § pg/mS 2,4-TDI, 7 pg/mS 2,6-TDI, 3 ua/m3 MDI,

and 1 ug/m3 HDI to more than 1 mg/m3 for 100-L air samples.
air concentration of specific diisocyanates.
polyisocyanates, as it gave low evaluation results with both polyisocyanates used.

This metho¢ determines the
The method is only qualitative for
The method

ha. been applied to sampies from general foaming, spray- or dip-painting industries [1].

INTERFERENCES:

Any substance which eiutes with the ureas and absorps ultraviolet light or is
electroactive will interfere with the analysis.

Mobile phase conditions can be adjusted to

separate most co-eluting peaks, however, ureas of HDI and TDI are difficult to separate.

OTHER METHODS:
Safety Executive of Great Britair [2,3].

This method is a modification of Method MDMS 25 publishec by the Health anc
Method 2535 is an alternate method for TDI vapor,
employing collection on glass wool impregnatec with

N-(4=nitrophenylmethyl)propylamine.

5/15/89
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IS0TyanaYES MOTHOD: 282

REAGENTS: EQUIPMENT -

V. i={{-Metnoxyphenvli,prperazine”. 9€%.. 1. Samcier: Midget imprnoer. 28-m_.

Z. Aceti¢ annyorioe., reagen: Qraoe. 2. Fersonal sampling pump, 1.0 L/min, with

3. Metnanol, HPL{ graace. flexible connectingc tubing free of phthalate

4. Acetonitrile, HPLC orade. piasticizer.

5. water, deionized. orstillec. MNOTE: &voic collectror of plasticizer 1n the

€. Sodium acetate. annyorous. toluene ocuring sampling. Fluran'™ tubing

7. Acetyrc acid. glacial. is an acceptabie tubinc.

E. Nrtrogen, 99.995%. 3. Lrauird chromatograpt (HPLC) with ultraviolet (UV)

9. Toiuene, HPLC grade. detector (242 nm) and electrochemical (ECHD)

10. Sampling medium, detector (+ 0.80 V vs. Ag/Agll). recorder,
V-({2-methoxypnenyljpiperazine integrator and column {(page £521-1).
in toiuene, 43 ma/L. 4. Ultrasonic water bath.

V1. Ureas derived from the 1socyanate. 5. Vials, d-mL glass, with screw caps and 20-mL olass,
{See APPENDIX:. screw caps with cone-shaped polyethylene liner and

2. Dimethy) sulfoxice, reagent grade. shrinkable sealing bands.

13. Mobile phase, acetonitrile and €. Pasteur pipets, 7-cm glass, disposable.
buffer solution to aechieve 7. Flasks, volumetric, glass, 10-mi.
appropriate mobile phase. 8. Syringes, sizes appropriate for preparing standard

14. Buffer solution. Dissolve 15 g solutions.
anhydrous sodium acetate in 1 L 9. Pipets, 5- and 15-mL glass. delivery, with pipet
distilled~deionized water. Add 1 L bulb.
methanol. Add glacia) acetic acid 10. Hot plate, spark free, 60 °C.
to bring pH to 6.0. 11. Evaporator, Mini-Vap, 6-port or equivalent.

1S. Urea calibration stock solution, 12. pH meter.
0.01 pg/ul urea in methanol. 13. Vacuum oven.

16. Reagent calibration stock solution, T14. Buchner funnel, fritted glass, medium porosity.
1.0 pg/ul i-(2-methoxyphenyl)- 100-mL.
piperazine in methanol. 15. Vacuum pump.

17. Helium, prepurified. 16. Flask, filtration, S00-mL.

*See SPECIAL PRECAUTIONS

SPECIAL PRECAUTIONS: Preparation of urea derivatives, samples, and standards should be done in
hood to avoid exposure to isocyanate and solvent vapors. Isocyanates are known respiratory
irritants. Toxicity of 1-(2-methoxyphenyl)piperazine is unknown.

SAMPLING:

1. Calibrate each personal sampling pump with a representative sampler in line.

Transfer 15 mL sampling medium to an impinger.

Connect the assembled impinger to a sampling pump.

Sample 5 to 500 L. of air at 1.0 L/min.

NOTE 1: Toluene evaporates during sampling; when level of solution drops below 10 mi,
restore volume to 15 mL with toluene.

NOTE 2: The reagent in the sampling medium reacts with isocyanates to form ureas:

Hn W

CH30C6HANC4H4NH + R-N:C:O hd CH30C6H4NC4H4NC(:0)NHR

tn

Prepare blank samples by transferring 15 mL sampling medium to 20-mL vials.

6. Transfer the sample solution to a 20-mL via) for shipment. Rinse both impinger parts with
2 to 3 mL toluene and add rinsings to the sample. Secure vial's screw cap with sealing
band. Refrigerate samples as soon as possible. If samples are to be shipped, carefully
pack the vials to avoid breakage or spillage of sample.

5/15/89 5521-2 NIOSH Manual of Analytical Methods
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ISQIYANETES

MITHOD: S52°

7. Obtarn a bulbk sample (' to 2 mi) of anc¢ the material saret: odata sneet for any
polyisocvanate useo ai the worksite. Analys's of sampiec preparec ftrom ths buls materia’
will be usefu) tor 10entitying ureas oerivec from the polyrsocyanate.

SAMPLE PREPARATION:
8. Add 25 WL acetic annvdride to acetyiate the excess )-{Z-methoxyphenvlipiperazine
remaining 1r the sampie solution, to oroviae for efficient chromatography.

NOTE: The acetvlation reaction 1s:
CH30C6H4NC4H4NH + CH3C(=0)0C(=O)CH3 > CH30C6H4NCCH¢NC(=O)CH3 + CH3CI=0)OH

S. Evaporate the acetylated sample to dryness under a gentle stream of nitrogen while warming
to 60 °C on a hotplate.

10. Redissolve the residue in 5.0 mL methanol, while agitating the sample in an ultrasonic
water bath for 15 min.

CALIBRATION AND QUALITY CONTROL:

11. Prepare working standards containing 0.01 to 4.0 pg/mL of the appropriate urea(s) (TDIL,
HDIU, and/or MDIU) and 100 pa/mL of 1-(2-methoxyphenyl)piperazine by adding aliguots of
calibration stock solutions to 2 mL methanol in a 10-mL volumetric flask. Add 10 pl
acetic anhydride to each standard. Mix and dilute to the mark with methanol.

NOTE: The standard solutions need include only ureas derived from the diisocyanates
expected in the air samples and, if polyisocyanates are of interest, ureas derived
from the diisocyanates structurally most similar to the polyisocyanates.

12. Analyze working standards together with samples and blanks (steps 15 through 17). Prepare
a calibration graph for the urea in terms of quantity of isocyanate group, M (ECHD area vs.
umol of isocyanate group per sample). Molecular weights of typical ureas are: TDIU =
558.7 g/mol; MDIU = 634.8 g/mol; HDIU = 552.7 g/mol).

M= (C)*(N)*(5) , umol/sample
MW

Where: M is the quantity of isocyanate group per sample (upmol)

C is the concentration of urea in the standard solution (ug/mlL)

N is the number of isocyanate groups per molecule (eg, 2 for a diisocyanate)
5 is the liquid volume of a sample (mlL)

MW is the molecular weight of the urea

13. Prepare control samples by adding 0.1, 1.0 and 10.0 pg of urea to 15 mL sampling medium.
Prepare these samples for analysis (steps B through 10).

14. Prepare qualitative samples from bulk polyisocyanate. Using information from the container
or the material safety data sheet, add enough polyisocyanate to react with approximately
1/10 to 1/3 of the reagent in 15 mL of sampling medium. Prepare sampies for analysis (in
steps 8 through 10) and analyze. Use the chromatographic date for aid in indentifying
peaks of ureas derived from polyisocyanates.

MEASUREMENT :

15. Set up the HPLC system according to manufacturer's recommendations and to the conditions
given on page 5521-1.

16. Inject a 10~pl aliquot of the sample solution from step 10. Capcity factors for the urea
derivatives are:

5/15/89 5521-3 NIOSH Manual of Analytical Methods
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ISCIYANATEC METHOLS S22
vor-le Phase Cadacrty
Isocvanate Acetonitriie bufrer Scigtron factor (k'€
2.e-T00 30 70" 2
MD! 35 £5° I
pMpp 1L 35% €5t 10
2.e-TD: 403 60° 3
HD1 40 60 3
HDI-Bruret© 40% 60% 6
(HDj4 © ap:. 60 8

Sk'z (t, ~ ty) / L,. where t. 15 the retention time of the uresa anc t, 1s the
retention time of an unretained compound.

POne or several oligomers of polymethylenepolyphenyl isocyanate.
€1,3,5~Tris{6~isocyanatohexyl)biuret.
d!.3.5—Tr1s(b-isocyanatohexyi)hexahydro-l.3.5-1r131an-2,4,6—tr1one.

17. Measure peak area with both detectors.

NOTE 1: Use ECHD response for gquantitation of ureas.

NOTE 2: The ureas from the polyisocyanates are identified (step 19) oy the ratio of their
response to electrochemical and ultraviolet detection. These ratios are similiar
in value to the ratio of the ures from the diisocyanate to which the poiyisocyanate
is structurally related.

CALCULATIONS:

18. Calculate the ratio of the electrochemical detector response to the ultraviolet detector
response for all peaks in the chromatogram.

19. Identify as a polyisocyanate-derived urea any peak in the samples for which the ratio 1s
betweer £.75 and 1.5 times the average ratio given by the urea of the structurally similar
diisocyanate in calibration standards.

20. Read from calibration graph the quantity, M (pmol per sample), of isocyanate group for
the urea from the isocyanate of interest.

21. Calculate the concentration of the specific isocyanate of interest, Cy (pg/m3), in
the air volume sampled, V (L}:

Cp = MoMWe103/NeV, pg/m3

Where: Mw is the molecular weight of isocyanate
N is the number of isocyanate groups per molecule

EVALUATION OF METHOD:
The stability of 2,4-TDIU in toluene was investigated using groups of six samples stored at
room temperature for up to two weeks or at & °C for 1 week with the following results:

Storage
Quantity Ferioc Storage Percent kecovery,
(pa) (days) Temperature 955 Confidence Interval
1.6 0 room 8¢ = 11
3.8 0 room 98 = 4
1.8 7 room 78 = 7
1.9 7 ¢ °C 8¢ = 7
3.8 7 room 67 = 6
3.8 14 room 70 = N
5521-4
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MITHOD, S5° ISQTYANLTES

The cata oemonstrate sampie 'nstab:li-t. 3t room temperature (about Il °(; ancd sugges! tha' the
sampies are somewnat unstabie ever a- < °C.

tstimates o. ‘he 7 owits of cugntoc2troc tLiys rexpressed in terms of the auanttity o
di1socyanate per sampie) were mage from the eiectrochemical-ocetector ca*ibratron curves used
for the analysis of field sampies or control sampies: C.&-TDI, 0.f uc [1., Seaquence 6043}
2.6-TD1, 0.7 pe [1, Sequence 6043}: MDI, 0.3 pa [1, Sequence 601G8): HDI, 1 pc [4]. Tne
corresponding Timits of detection (L0Ds) were: 2.4-T01, 0.2 pg;, Z.6-TD1. 0.2 ug: MDI,

0.09 pg: HDI, 0.3 pa. Because the polvisocvanates for which authentic standargs are not
availabie must be 1dentified by the ratro of the eiectrochemical-detector and UV-getectlor
responses, the detection limits for these substances depend upon tne iess sensitive UV getector
and, thus, will be higher.

The use of the ratio of detector responses to identify ureas forme¢ from polyisocyanates and
the estimation of polyisocvanate concentration by comparing to diisocyanate standards were
evaluatec using samples of commercial rsocyanates., which were MDi- or HDI-based
polyisocvanates, reagent grade HDI, and a soiution of 80% 2,4-TD1 and 20% 2.6-TDI. The
MDi-based commericial product, MF184, was reported to be 50% polymethylenepolyphenyl isocyanate
and 50% MDI. The HDI-based commercial product was reported to be 44 of the trimer,
1.3,5-tris(6-isocyanatohexyl)hexahydro-1,3,5-triazin-2 &, b-trione [(HDI)3], with no HDI
present. Fifty-six samples were prepared and analyzed for isocyanate, 15 from MF184, 12 from
{HDI),, 11 from HDI, and 18 from TDI. The range of isocyanate aroup present was 0.078 -

1.7 umol per sample as determined from the measurement of the isocyanate by weight or

volume. The average recoveries for these samples using the procedure described in the metnod
were 619 for MF184, 54% for (HDI)3, 123% for HDI, and 90% for TDI.

The precision of the average ratio of the response of the electrochemical detector to the
response of the ultraviolet detector was determined from the standard-curve data for the two
detectors. The relative standard deviations were 21%, 12%, and 14% for 2,4-TDIU, MDIU, and
HDIU. respectively. The average vaiuves of the ratios vary with the HPLC mobile phase
conditions used for analysis.
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ISCIYANATES METHOD: 852!
Table 1: Svnonvms, exoosure limits, and properties
Compounds (Svnonyms) Exposure Lymits, uo/ms® Properties
(0SHA) (NIOSH) (ACGIH)
2.4-T01 40 ap~~ a0 Tiquid; d 1.224 o/ml
(2,4-T01; 2.4-Toluene 150 STEL € 20 °C; BP 25 °C.
diisocyanate; CAS # 58¢ VP 1.3 Pa (0.0} mm Hg)
-84-9) @ 20 ©C; MP 19.5 -
21.5 °C
2.6-T01 None a0=* None Tiguid; d 1.22 g/mL @
(2,6-TDI; CAS # 150 STEL 20 °C: VP 1.3 Pa (0.00
91~08-7) mm Hg) @ 20 °C
MDI 200 (ceiling) 50 200 (ceiling) solrd (fused); d 1.198
(4,8'~methylenedipheny!l 200 (ceiling) a/mL @ 70 °C; MP 37.2 °C;
isocyanate; diphenyl- VP 0.04 Pa @ 24 °C
methane-4,4'-~diisocyanate;
methylenebis{phenyl
1socyanate); CAS # 101~
66-8)
NDI None 35 35 liquid; d 1.04 g/mL
{Hexamethylene diisocya- 140 (ceiling) @ 20 °C; 8P 255 °C

nate; CAS # 822-06-0)

Polyisocyanates None None None refer to material safety
(Prepolymers; the biuret data sheet

derived from HDI; cyclic

trimer of HDIl; isocyanate-

bearing polyurethanes)

\ ppm = 7100 pa/m3 TDI; 10208 pg/m3 MDI; 7350 pa/m® HOI; *"Carcinogen

APPENDIX: PREPARATION OF UREA DERIVATIVE

Dissolve 0.005 mole (1 g) of 1-{2-methoxyphenyl)piperazine in 25 mL dimethyl sulfoxide.
Dissolve 0.002 moie {356-500 mg) of isocyanate in 25 mL dimethyl sulfoxide. Over a period of
V-2 min, gradually add the isocyanate solution to the stirred derivatizing reagent sclution.
Warm the resulting solution to 60-90 °C and continue to stir for at least 30 min. Discontinuve
heating of the solution and add 300 mL deionized water. The urea will precipitate as a white
solid. Stop stirring after addition of water. Collect the urea in a fritted-glass Buchner
funnel by suction filtration. Ory the compound in a vacuum oven at 75 °C to remove water.
Recrystallize until a constant melting point is obtained.

To recrystallize urea, add toluene (150 mL) to dried urea and warm mixture to 60 °C. Siowly
and very carefully add just enough methanol (BP 65 °C) to completely dissolve the urea. Remove
from heat and allow to cool. C(ollect the crystals by suction filtration and dry them in vacuum
oven at 35 °C. The urea derivatives and their melting points are as follows:

5521-6 .
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METHOR. E32° TCOCYANATES
ii n Ures Derivatives MP (v}
2,4-TD1 N, N'~bis[é~{Z-methoxyphenyl)piperazine-l-carbonyl ]~ 212-213
2 é~toluenediamine (2.4-TDIWY (platelets)
2.6=-1D1 N,N'-bis[é~(Z-methoxyphenyl)piperazine-i-carbonyl]- 231-233
2,6-toluenediamine (2,6-TDIU) (plateiets)
MD1 N, N'~brs[é~(Z-methoxyphenyl)piperazine-l-carbonyl}- 209-210
4,4'~-methylenedraniline (MDIU) (needles)
HD1 N.N'~bis[4~{2-methoxyphenyi)piperazine-l-carbonyl)- 199-200
hexamethylenediamine (HDIU) (needles)
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