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I, INTRODUCTION

The National Institute for Qccupatlomnal Safety and Health (NIDSH) is the prim—
ary Federal agency engaged in occupational safety and health research. Loca-
ted in the Department of Health and Human Services (formerxly DHEW), it was es-
tablished by the Occupational Safety and Health Act of 1970, This legisla—
tlon mandasted NIDSH to conduct a oumber of research and education programs
geparate from the standard settipg and enforcement funections ecarried out by
the Occupational Safety and Health Administration (0SHA) in the Department of
Labor. An fmportant area of NIOSH research deals with methods for controlling
occupational exposure to potentlal chemical and physical hazatrds. The Engin-
eering Control Technology Branch (ECTB) of the Division of Physical Sclences
and Engineering has been given the lead within NIOSH to study the engineering
aspeécts of health hazard prevention and control.

Since 1976, ECTBE has conducted a number of assegsments of health hazard cont-—
rel technology on the basls of industry, comwmon Iindustrial processes, ot spe~
cific control techniques. The objective of each of these studies has been to
document and evaluate effective control techniques for patential health haz-
ards in the industry or process of Interest, and to create a more general
awarenegs of the need for or avallability of an effective system of hazard
control measures.

These studles invelve a number ¢f =steps or phases, Initially, a series of
walk-through surveys 1s conducted to select plants or processes with effective
and potentially transferable control concepts or techniques, Next, in-depth
gurvevsz are conducted to determine both the conkrol parameters and the effect—
iveness of these controls. The reports from these 1n-depth surveys are thenm
used as a basis for preparing technical reports and Jjournal articles on
effective hzzard control measures, Ultipately, the information from these re-
search activities builds the data base of publicly available information on
hazard control techniques fotr use by health professionals who are responsible
for preventing occupaticnal illness and injury.

This survey report coverg an In—depth survey of a manufacturing plant. This
survey was condocted to familiarize the 1lnvestigators with the reaction in-
jection molding process, to understand the potential of these operations for
exposure to air contaminantsa, and to observe and evaluate the conttrol memsures
employed te prevent the ocverexposutre of workers to toluene-2, 4-diisocyanate
(TDI} and methylene bisphenyl 1socyanate (MDI).



I1I, PLANT AND PROCESS DESCRIPTION

Plant Description:

This is a medern facility about 5 years old. The plant 1s designed to utilize
modern production methods which result in a smooth flow of materlals. The
products have two componants WwWhich are composed of polyurethane polymers,
Some models are metsal covered with a hard polyurethane foam and parts are made
of a so0ft polyurethane foam formed on plywoed. The plant 1s well lighted to
create a pleasant and comfortable work environment.

Process Description:

The polyurethane molding operations were of interest iIn this survey. There
are two regin molding areas which are contalmed in an area of the plant meas-
uring about 60" by 100°. The area 1s open except for & room designed to con-
tain resino mixing and pumping operations.

One molding area contains the reaction injectlon moelding operation which forms
hard polyutethane resin foam onto "s" shaped metal components and 1s contained
in & semicircular area about 15 to 20 feet across. It contains 6 mold presses
and B molds., This area is shown in Figure 1., The presses have high pressure
self-cleaning heads for the wmixing and injectlon of the polyol and isocvanate
components and operate on a 4 minute cycle, After molding, the parts are de-
flashed and trimmed. This area has ventilation hoods which are for the pur—
pose of removing light hydrocarbon vapors released from the mold release com
pound when it i= sprayed on the molds. The pump snd mixlng spparatus are lo-
cated adjacent to the molding head area which 1s not enclosed. Area samples
were obtalned as located in Figure 1.

The soft resin {(foam) area is about 60 feet from the hard resin feam area,
Parts are molded around plywoed support structures. This area uses two types
of resin mixing theads: an alrless, high-pressure Impingement wmixing,
self-cleaning cylinder head, which generates little isocyanate emissions, The
Henneke, high—pressure asir, spin—disk, iloplogement mixer in which injeetion iIs
initiated with pressure~activated needle wvalves. The cleaning of the alr noz-
zle penerates conslderable blow—off of isocyanate contaminated air when the
head is purged of resin by “"shooting” inte a waste container. These work
areas are shown in Figure 2.

The resin for the foaming area is mixed and pumped from the Pump Room, This
troom Is a potential socurce of Isocyanate exposure so an area sample was ob-
tained at this locatlon, shown in Figure 2,



Potential Hazards:

The uee of polyurethane resins in this plant creates a hazard of potential ex-
posure to methylene bisphenyl isocyanate (MDI) and toluene-2, 4-dilisocyanata
(TDI), These two compounds fall in a category of dilsocyanate compounds that
can irritate the respiratory tract and can act as resplratory sensitizers to
produce asthma-like aymptoms in Individuals with exposure at very low concen-
trations well below the permissible exposure limit (PEL) ef 0.02 ppm. E=xpos~
ure to diisoccyanates may also result in chronic impairment of pulmonary fune-
tion.l The summary o©of the legal and recommended levels for diisocyanates
and their health effects appear in Table I,

Table T, Summary of hazards associated with the production
of polyurethane chair components

Materials PELL TLVZ2 NIDSH3 Majorl,2,3
or {ppm) {ppm) Recommended Health
Agents Lavel (ppm) Effects
TDI1 0.02 0,02 0.005 Regpiratory sensitizers:

asthma and brenchitis
MDT 0.02 0,02 Q.005 "

1, Permissible Exposure Limit; this is the lepally enforceable standard

2. Threshold Limit Value, 8 hour TWA; This 1s 2 level recommended by the
Amerlcan Conference of Govermmental Industrial Hyglenists

3. Occupational Exposure to Diisccyanates, Criteria for a Recommended
Standard, DHEW (NIOSH) Publication No. 78-215

Ref, 1l.: 1United BStates Department of BHealth, Education and Welfare,
NIOSH, Occupational Exposure to Diisocyanates, DEWH (NIOSH) publication #
78-215, September 1978



ITI. METHODOLOGY

MEASUREMENT OF CONTROL PARAMETERS

Hood control vweloclties and epray booth face velocities were measured using a
Kurz hot wire anemometer. Volumetric airflow was determined from the average
face velocity multiplied by the open area of the hood.

SAMEFLING PROCEDURES

To evaluate potentlal exposures, samples for MDI, TDI, and total isccyanate
were collected In locationa of pessible escape or leakage. Samples were col-
lected for a nominal four hour period using personal sampling pumps operated
at 1 lpm and midget impingers fiiled with 15 ml of sampling reagent. The re-
agent conasisted of a solution o¢f 1-{2-methoxyphenyl)-piperazine in toluens.
To minimize evaporation of the toluene the lmpinger was place in fce, A sec-
ond 1mpinger was filled with charcoal and placed between the first impinger
and the sampling pump to prevent solvent escape, At the conclusion of samp-
ling the reagent was transfered to 20 ml scintillatfen vials for transport to
the NIOSH laboratory. The samples were analyzed using NIDSH method 5505,
This method is used to determine the total concentration of the ispcyanate
group, regardless of the molecule to which it is attached, by meaguring the
consumption of 1-(2-methoxyphenyl)}~piperazine. Monomeric isocyanate can be
individually determined with this sampling reagent., The concentration of the
urea derivative and the 1-(Z-methoxyphenyl)—piperazine are determined using
high pressure liquid chromategraphy (HFLC). 1Initial analyeie of the samples
was performed to determine total reactive lseccyanates and screen for the pres-
ence pf TDT ar MDI, Samples which contained peaks mateching retention times of
the TDI or MDI urea derivatives were then quantitated using standards of the
appropriate utea devivative,

Seven samples were collected wging a filter which had been c¢eated with
1-({2-methoxyphenyl)-piperazine. The primary purpose of this set of samples
was to compare this procedure with the standard impinger technique, Six of
these samples were collected in parallel with the impinger samples. Plant
sampling data had indicated that the fpam f111 operator's exposure was signif-
icantly higher than the area sanples for that location. Thus, a einpgle
treated filter sample was collected as a perschal sample on the fcam f111 op-
erator, The treated filter samples were collected at a flowrate of 200 ecc/m
for a period of one hour, The analytical procedure was similar to that re-
ported for the impinper samples.



IV, CONTROL TECHNOLOGY

INTRODUCTION ~ PRINCIPLES OF CONTROL

Occupational exposures can be controlled by the application ¢f 2 number of
well-known principles, including engineering measures, work practices, per-
sonal protection, and monitoring. In general, a system comptised of the
above control measures is required to provide worker protection under nor-—
mal operating conditions as well as under conditions eof process upeet,
failure and/er maimtenance. These principles of control apply to all sic-
uations, but their optimum application wvaries from case-to—case. The ap-
plication of these principles are discussed helow,

LOCAL EXHAUST VENTILATION
Foam f111 booth—

Foam cushions were filled with & TDI-based polyurethane foam in a conven—
tional spray booth exhsusted at approximately 9500 cfm. The booth measured
7 feet high, 12 feet wide, and 4,5 feet deep.

Crush and glue table——

After removal from the molds, the c¢ushions are manually crushed to alter
the foam cell structure, and an lspeyanate-based adhesive applied to crit—
ical areas, Isocyanate vapnrs are contralled by wventilating the table area
by a siz inch wide glot hood running the full length of the table, The
hood was exhausted at a rate of approximately 2900 cfm.

Meld machine heoodsg=-

The resction injection meolding machines were ventilated primarily to con-
talin mist produced durdng the spraying of mold release agent (& proprietary
blend of waxes In an aliphatic hydrocarbon solvent). Three canopy hoods
ventilated this process, The hoods were arranged in a "U" pattern, above
the molding machines. The canopy hoods were tilted at an angle of 45°
from the horizontal, with mist eliminating filters mounted in the hood face
to capture the mold release agent,., Each hood had a face area of about 28
square feet. Total alrflow from the three hoods was 18,700 cfm, which re-
gulted in air velocities at the front of the mold machines {(a point about 3
feet from the hood face) ranging from 40 to 100 fpm.

ISOLATION

Pumps and mix tanks for the foam cushion line were isolated in a 24 x 28 ft
room designated by the plant as a limited access area. The room was veni—
ilated with 100¥ outside air at a rate reported by the plant of 30 air
changes /hour (about 3300 cfm).



PERSONAL FROTECTIVE EQUIPMENT

Due to the nature of the meold £111ing task, the foam fill operator is re-
quired to work within the confines of the booth. The foaming equipment
produces a visible foam aerosol which is released from the mold cavity with
4 conglderable velocity. This necessitates the use of an air supplied hel-
met by this operator, as 1s the current practice in this plant,

CONTRAOL MONITGRING

TD1 vapors are meuitored near the foam fill booth and in the pump room by
two MDA Scientific Model 7005 Tape Monitors connected to chart recorders.
Carbon monoxide in the breathing air supplied to the foam f1ll operator is
monitored by a Dynamation CO Monitor.

The company has extensive sampling data om TDI dating to 1981, The samples
have been collected by their staff industrial hyglenist (with the enalyt-—
1cal work performed by amn ATHA aeccredited Iaboratory), thelr insurance
carrler, and the State Department of Publie Health, The bulk of the data
is from 1981, Early that year airborne TDI concentratifons exceeded
0.02 ppm in 4 of the 5 operations atudied. A program wWas 1nitiated to in-
erease the plant make—up aflr and raise the exhaust stacks, This resulted
in a reduction in airborne TDI to the range of 0,005 to 6,010 ppm. A Janu-
ary, 1984 survey of the plant found high levels of TDI (0.09 and 0.05 ppm)
in the breathing zone of the feam f£i1l1l operator, outside of the air sup-
plied respiretor. Ne MDI was was detected in the reaction Injection meld-
ing (RIM) operations, In April, 1984, after the face velocity was increas-
ed at the point of operatfion, a study by the Department of Health found
levels of TDI at .0032 and .0137 ppuw in the breathing zone of the foam f111
operator, both of which are below the P.E.L.

V. SAMPLING RESULTS

The results of the area ailr sampling are presented fin Table II. All but
orre 0f the samples were below the limits of guantitation (LOG) for TDI,
The single quantifiable gample was located in the pump room. Even in this
case the concentretions was about one half the maximum concentration recom—
mended by NIOSH and by the ACGIH, and less than twenty percent of the OSHA
PEL. No MDI was detected In any of the samples collected in thie plant,
Measurable levels of total unreacted isocyapate were found in the foam
filling and mold opening operations, There are no U. §. satandards for ex—
posure to total unfeacted isccyanate (KCO); 20 ugp [NCDjlm3 is recommended
in the United Kingdom.

TDI was detected in the personal filter sample, but instrument detector
problems precluded gquantification, For the purpose of method development,
the filter samplea are being stored for later analysis after the detector
is repaired. Because of the unknown shelf life of these sewples, the data
will not be inciuded in this report.



1.

VI. CONCLUSLONS AND RECOMMENDATIONS

In the course of normal operations, the RIM molding opetration appears
to be inherently free from igocvanate hazard due to the use of MDT and
the relatively closed nature of the preccess. The ventilation provided
for the mold release agent should minimize exposure in the unlikely
event of a process upset,

The foam filling processes used have a hazardous potential. While the
spray booth appears to contaln the hazard to the aetwal filling area,
it may be Inadequate 1in protectlon of the f1lling ovperator. An alrless
foam filling aystem used on another line produced mo visible aerosol,
and weuld appear to present a logical cholee for new installations.
Installation of such a system on the other line would be desirable,
but, according to plant officials, would require retoeling to provide
for adequate filling of the molds.,

Ventilatlen of the modular line could be improved in twe areas. The
plenum on the gluing table dJdoes not distriburte air properly.
Guidelines for plenum design can be found in Industrial Ventilation: A
Manual of Recommended Practice. They supgest that for proper alr dils—

tribution that the slot velocity eshould be twice that of the plenum
velocity. The oder of amines, presumably from the curing cushions, was
evident 1n the demolding area. One of two samples containing quanti-
fiable levels of unreacted isocyapate were collected in thils area. A
gheet metal tuonel could be comstructed to contain the molds until they
are ready for opening. If this tumnel were conpnected to the spray boo-
th exit, it 1g possible that no additional exhsust t¢ the tumnel would
be required.

Recause the foam filling operator works with the emission peint in his
hands, the monitoring of this operation using area samples underestio—
ates the worker's exposure. Unfortunately, the use of solvent filled
impingers 1s not wvery practicel for personal sampling of long term
expogures. The use of the coated filters 1z convenlent, but these
filters may underestimates concentrations if the Isacyanate 1s contalned
in & complex aeroscl matrix. NIOSH should consider developing a
gel-filled impinger holster, which could be frozen to minimize evapor-
ation of the volatile solvents.

The alrborne concentration corresponding to the limit of quantiration
(LOQ) of the NICSH method for total unreacted fisocyanate is well above
the standard recommended for total isocyanates in the United Kingdom.
This procedure needs additional refinement to reduce the LOQ by a fact—
or of at least three,
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