


PREFACE

The Hazard Evaluations and Technical Assistance Branch of KICSH conducts field
investigations of possible health hazards in the workplace. These
investications are conducted under the authority of Section 20(a)(€) cf the
Occupational Safety and Health Act of 167C, 2¢ U.S.C. 66S(a)(€) which
authorizes the Secretary of Health and Human Services, following a written
request from any employer or authorized representative of employees, to
determine whether any substance normally found in the place of employment has
potentially toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, and industrial hygiene technical and consultative
assistance (TA) to Federal, state, and Tocal agencies; labor; industry and
other groups or individuals to control occupational health hazards and to
prevent related trauma and disease.

Mention of company names or products does not constitute endorsement by the
National Institute for Occupational Safety and Health.
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Iv.

The floor waterproofing procedures involve the use and application of
four different materials in succession. Initially, a one part
moisture-cured polyurethane general purpose sealant (Mameco-Yulkem 116)
is caulked around risers, baseboards, uprights, floors and walls (near
the floor). Very 1ittle drying time is needed, and the work proceeds
quickly to the second item applied, Yulkem 452. This one-part
aliphatic urethane coating material (Vulkem 452) is applied with a
trowel to fill in cracks in the flooring. The cure time, or set-up
time, for this viscous material is about ten minutes. The third
material put down is Yulkem 350, a one-part 1iquid polyurethene deck
waterproofing material which s poured on the floor, squeegeed, and
then rolled out with a Tong-handled paint roller. The 350 component
cures from reaction with atmospheric moisture to form a rubber-like
membrane surface. Set-up takes about 24 hours, and the cured Yulkem
350 has a tacky surface. Sand is broadcast by hand over the sticky

- flooring to give it a finished non-skid surface. Larger quantities of

Yulkem 350 are used than of any of the other flooring components. The
final material applied (Vulkem 351) is a two-part liquid polyurethane
deck coating system which is applied to the flooring using a

- long-handled roller and/or a brush. Prior to application the two

components, parts A and B, are mixed for about six minutes with an
electric drill equipped with paint mixer blades. Al1 four

waterproofing materials contain one or more of the following

isocyanates: methylene bisphenyl isocyanate (MDI), polymethylene
polyphenylisocyanate (PAPI®), or toluene diisocyanate (TDI).

The quantity of materials used daily varied with the surface area to be
covered and the number of workers assigned to the tasks. During the .
NIOSH environmental survey on March 5-8, 1984, one to two workers
applied the floor coating components, while another employee acted as a
watchperson to check that no smoking occurred in the penthouse during
the floor covering processes.

EVALUATION DESIGN AND METHODS

A. Environmental

Long-term personal and area environmental air sampling was
performed on March 6-8, 1984 during the penthouse floor
waterproofing operations to characterize employee exposure to
various isocyanates [monomeric MDI, PAPI®, TDI, and total

reactive fsocyanate groups (TRIG)] and organic solvents (xylene,
petroleum distillates, and ethylene glycol). Bulk samples of the
waterproofing compounds were obtained to aid in the analysis of the
air samples. The sampling and amalytical methods for these
substances, including collection device, flow rate, and referenced
analytical procedures are presented in Table 1.1
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A synopsis of the newly developed NIOSH air sampling/analytical
method for total reactive isocyanate groups is as follows:

A known volume of air 1s bubbled through a midget impinger
containing a known quantity of a toluene solution of
1-(2-methoxyphenyl)-piperazine. An aliquot of the toluene
solution is acetylated and then evaporated to dryness. The
residue is dissolved in methanol and an aliquot is injected
into a high-performance 1iquid chromatograph equipped with a UY
detector capable of detection at 254 nm. The change in
concentration of 1-(2-methoxyphenyl)-piperazine is quantitated
and the number of moles of reactive isocyanate groups present
determined. The fsocyanate groups are quantitated regardless
of the sfze of the molecule to which they are attached.

Four high-volume charcoal-tube area air samples for organics
(media-charcoal tube) were collected during the survey to aid in
the laboratory analyses of the personal air samples. These four
screening air samples were analyzed by a gas chromatograph equipped
with a flame jonization detector.

Medical

A standardized occupational exposures and symptom questionnaire was
administered to all eight roofers who were involved in the
waterproofing operations. Baseline pulmonary function tests (PFTs)
were done by NIOSH personnel on all eight roofers on a non-working
.day after the weekend (Monday, March 13, 1984). Serial PFTs were
done on five of these eight roofers who returned to work on the
same process the following day. The PFTs included determination of
one-second forced expiratory volume (FEVi), and forced vital
capacity (FVC), and calculation of the FEV]/FVC ratio. PFTs were
performed before shift, at the end of shift, and four to six hours
after the end of shift. An inquiry about respiratory symptoms
experienced at the time of each PFT was made. Ohio Medical
Products Model 822 dry rolling seal spirometer, connected to a
Spirotech dedicated computer, was used for the PFTs. This computer
component records the flow-volume curves, analyzes them, and
calculates predicted values based on age, height, sex, and race. A
test reading was considered adequate for interpretation and use in
the study only if there were three acceptable trials and the two
best curves differed by no more than 5% with respect to both FEV;
and FYC. FEVy/FYC ratio was calculated using the best readings
available for FEY; and FVC, regardiess of whether they occurred

on the same tracing. Predicted normal values were based on data
from Knudson et al, 1976.2
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v.

Exposure to xylene was assessed by determination of the amount of
its specific metabolite, methylhippuric acid, in the urine,
End-of-shift urine samples were collected from the five roofers who
returned to work in the penthouse unit. These samples were
preserved with thymol and maintained at reduced temperatures while
in transit. Upon receipt by the laboratory, the urine samples were
storgd at 4° C until analysis. They were analyzed by NIOSH Method
83017, .

EVALUATION CRITERIA -

As a guide to the evaluation of the hazards posed by workplace
exposures, NIOSH field staff employ environmental evaluation criteria

for assessment of a number of chemical and physical agents. These

criteria are intended to suggest levels of exposure to which most
workers may be exposed up to 10 hours per day, 40 hours per week for a
working lifetime without experiencing adverse health effects. It is,
however, important to note that not all workers will be protected from
adverse health effects if their exposures are maintained below these
levels. A small percentage may experience adverse health effects
because of individual suseptibility, a pre-existing medical condition,
and/or a hypersensitivity (allergy).

In addition, some hazardous substances may act in combination with
other workplace exposures, the general environment, or with medications
or personal habits of the worker to produce health effects even if the
occupational exposures are controlled at the level set by the
evaluation criterion. These combined effects are not usually
considered in the evaluation criteria. Also, some substances are
absorbed by direct contact with the skin and mucous membranes, and thus
potentially increase the overall exposure, Finally, evaluation

criteria may change over the years as new information on the toxic
effects of an agent become available.

The primary sources of environménta] evaluation criteria for the

workplace are: 1) NIOSH Criteria Documents and Recommendations, 2) The

American Conference of Governmental Industrial Hygienits (ACGIH)
Threshold Limit Values (TLV's)®, and 3) The U. S. Department of Labor,
Occupational Safety and Health Administration (OSHA) Occupational
Health Standards. Often, the NIOSH recommendations and ACGIH TLV's®
are Tower than the corresponding OSHA standards. Both NIOSH
recommendations and ACGIH TLV's® usually are based on more recent
information than are the OSHA standards. The OSHA standards also may
be required to take into account the feasibility of controlling
exposures in various industries where the agents are used; the
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NIOSH-recommended standards, by contrast, are based primarily on
concerns relating to the prevention of occupational disease. In
evaluating the exposure levels and the recommendations for reducing
these levels found in this report, it should be noted that industry is
legally required to meet only those levels specified by an OSHA
standard.

A time-weighted average (TWA) exposure refers to the average airborne-
concentration of a substance during a normal 8- to 10-hour workday.
Some substances have recommended short-term exposure Timits or ceiling
values which are intended to supplement the TWA where there are
recognized toxic effects from high short-term exposures.

- Isocyanates

A1l isocyanates contain the -N=C=0 group,4 which reacts readily with
compounds containing reactive hydrogen atoms to form urethanes. The
di- and poly-isocyanates contain, respectively, two and three or more
of these groups.5 The chemical reactivity of the isocyanates makes
them ideal for polymer formation. Hence, they are widely used in the
manufacture of polyurethane foams, paints, adhesives, fibers, resins,
and sealants.6

The processes and operations in which diisocyanates are used will
determine the severity of the hazard. Industrial processes involving
evaporation from large surface areas may result in a greater potential
vapor hazard than operations involving pouring-in-place or frothing

~ techniques.” |

In general, the potential respiratory hazards encountered during the
use of diisocyanates in the workplace are related to their vapor
pressures. The lower-molecular-weight diisocyanates tend to be more
readily volatilized into the work place atmosphere than the
higher-molecular-weight diisocyanates. Although the vapor pressures of
the higher-molecular-weight diisocyanates are relatively low, they may
generate vapor concentrations sufficient to cause respiratory and
mucous membrane irritation if they are handled in poorly ventilated
areas. Also, the potential for skin irritation is generally higher for
the lower-molecular-weight diisocyanates, and the severity of these
irritant responses is reduced with increasing molecular weight.7

Exposure to isocyanates can cause skin and mucous membrane irritation,
nausea, vomiting and abdominal pain.8:9 1In high concentrations,
isocyanates have a primary irritant effect on the respiratory tract.
They can also act as respiratory sensitizers, producing asthma-like
symptoms in sensitized individuals, even at very low concentrations.
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Asthmatic attacks may occur immediately after exposure or at an
interval of hours after cessation of exposure, presenting as nocturnal
cough and breathlessness. Exposure to isocyanates may also result in
chronic impairment of pulmonary function.’ Isocyanate exposure

during accidental spills is a major cause of sensitization, and there
is evidence that massive exposures may produce effects on the central
nervous system./ One recently completed animal study found
dose-related statistically significant cancer excesses in mice and rats
administered TDI by gavage (not the usual route of human exposure) in
very high concentrations. The tumors were distant from the site of
administration.10

In the United States, federal Occupational Safety and Health
Administration (0SHA) exposure standards for diisocyanates have been
established only for toluene diisocyanate and methy]ene bisphenyl
isocyanate. The current federal OSHA standardll and American
Conference of Governmental Industrial Hygienists (ACGIH)12 Threshold
Limit Value (TLV)® for MDI is a ceiling limit of 0.02 parts of MDI per
million parts of air (ppm), (0.2 milligrams per cubic meter of air,
mg/m3). The federal OSHA standardll and ACGIH12 TLV® for TDI is

a ceiling 11mit of 0.02 ppm (0.14 mg/m3) and an 8-hour TLV® of 0.005
ppm (0.04 mg/m3), respectively.

The current NIOSH recommended standard for occupational exposure to MDI
and TDI is 0.05 mg/m3 and 0.035 mg/m3, respectively, for up to a
10-hour workshift 40-hour workweek. The NIOSH recommended standard was
based on three types of effects of exposure to MDI: direct irritation,
sensitization, and chronic decrease in pulmonary function. This
standard applies to diisocyanate monomers only, and not to higher
polymers of these compounds.’/ Little is known about the

toxicological effects of polymeric isocyanates. No long-term studies
have been conducted on polymeric isocyanates, and furthermore, their
potential for inducing pulmonary hypersensitivity, as shown for
monomeric isocyanates, has not been 1nvestigated.i3 However, results
of a recent NIOSH study revealed that work in an industrial setting
where polymeric isocyanate exposures were documented was associated
with small mean decreases in FEV; and FVC which were not observed in
an unexposed group. Also, the change in FEV] over the shift

correlated with personal airborne exposure to polymeric but not
monomeric MDI. 14

On February 2, 1983, the United Kingdom Health and Safety Commission
set a "common control limit" for workplace exposure to all

isocyanates. This new control 1imit is an 8-hour TWA of 20 ug of
isocyanate group per cubic meter of air, and a 10-minute TWA of 70 ug
of isocyanate group per cubic meter of air. This new control limit, in
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units of ug (NCO)/m3, requires that the analytical methods be
applicable to “total isocyanate™, i.e., the sum of all isocyanate
species, including monomers and prepolymers.l5 '

VI. RESULTS
A. Environmental

It should be noted that the roofers involved in applying the
polyurethane-based waterproofing compounds to the penthouse floor
wore either half-facepiece or full-face supplied-air respirators
from March 5, 1984, to the completion of the job; this included the
time period during which NIOSH conducted the on-site environmental
evaluation.

Results of the personal and area air samples obtained during the
penthouse floor waterproofing operations to determine employee
exposure to total reactive isocyanate groups (TRIG) are presented
in Table II. Five of the 12 samples had detectable TRIG two
personal (worker) samples at 192 ug/m3 and 96.1 ug/m3; and

three stationary area air samples at 48.9 ug/m3 49.9 ug/m3, : !
and 67.5 ug/m3. No detectable isocyanates were found on any of ;
the five personal and 7 area samples collected for monomeric MDI, i
PAPI®, and TDI. I

The analytical results for the total reactive isocyanate groups
were originally reported in micromoles of NCO per sample. These
values were converted to micrograms per cubic meter (as shown in
Table II) using the molecular weight of 42 (N+C+0) for the NCO
radical. These calculations were performed so that the resulting
values could be compared with the United Kingdom's pew standard for
total fsocyanate groups 20 ug/m3 for an 8-hour TWA.15 The

range of total reactive isocyanate groups found amongst the five
(of 12) measureable values was 48.9-192 ug/m , THA, all exceeding
the United Kingdom®s standard.

The four high volume area air samples revealed only trace amounts
of xylene and toluene. The airborne toluene was most likely due to
its use as the sampling reagent. Since only trace quantities of
organic solvents were found on the high-volume air samples the
personal air samples for organic solvents (petroleum distillates,
xylene, and toluene) were assumed to be too low to warrant analysis.

No detectable ethylene glycol was found on any of the eleven air
(five personal and six area) samples collected during the
waterproofing operations on March 6-8, 1984 (ana1ytica1 limit of
detection: 0.01 mg/sample).
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Medical

The eight roofers were all white males 26 to 57 years old (median =
37.5 years). They had worked on roofing operations for 3 to 35
years (median = 13.5 years). The group included six cigarette
smokers, one cigar smoker, and one non-smoker, Four of the eight
(50%2) reported a personal and/or family history of asthma,
hay-fever, eczema, or other allergies. None of them had previous
Tung disease or chest injury. None had any training in respiratory
protection, nor had any of them been fit tested previously for
respirators.

Two of the eight roofers had previously been exposed, on separate
occasions, to the same materials as the ones which were being used
in the waterproofing process at Pennsylvania Hospital. One of the
occasions was five years ago, and the other a year ago. Both these
individuals developed symptoms of chest tightness and cough after
working with these materials in the penthouse unit at Pennsylvania
Hospital. One experienced cough after one hour, shortness of
breath after two hours, and chest tightness after four hours of
exposure to the materials. This persisted episodically for two
days. Other symptoms include nausea, l1ightheadedness, dizziness,
blurring of vision, vomiting, and irritation of the nose and
throat, all of which improved soon after the worker left the
worksite. The other roofer experienced a “bad cough™ for about
half an hour on the same night. He also could taste and smell the
odor of the sealant used, even after leaving work. The other six
roofers were apparently using these specific materials for the
first time. Two were symptom-free. Four had a variety of symptoms
during and shortly after work, including headache (3 roofers),
}e?hargy (2), nausea (1), dizziness (1), and abdominal discomfort
1).

The baseline pulmonary function tests for all eight roofers were
within normal Tlimits (FEV; and FYC more than 80% of predicted,
FEV1/FVC ratio more than 70%), except for one worker with a
s1ightly reduced FEVy (77% of predicted). He was symptomatic and
had previously handled the same materials on one previous occasion
five years ago. The serial pulmonary function tests for the five
roofers who returned to work showed one worker with a drop in

FEV]; of 12% over the shift and a 162 drop (compared to pre-shift)
five hours after the end of shift. The corresponding drop in
FEV1/FVC was 8% at the end of shift and 9% five hours after the
end of shift. There were accompanying symptoms of cough, chest
tightness, and shortness of breath. One asymptomatic worker had a
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VIII,

Although NIOSH's air sampling data for organic solvents revealed only
trace levels which would not be expected to cause symptoms, the symptom
inquiries in four roofers suggested work-related nausea, headache,
lethargy, and dizziness. This may be due to fluctuating solvent
exposures in the enclosed area of the penthouse unit at the hospital or
differences in susceptibility to the organic solvents such that some
individuals develop symptoms from low-level exposures. Biological
monitoring documented xylene absorption by only one roofer. He had
0.21 g/g creatinine of the specific xylene metabolite methylhippuric
acid in the urine. Engstroml8 suggests 0.665 and 1.28 g/g creatinine
of urinary methylhippuric acid at the end of the workday as indicative
of exposures to xylene of 50 and 100 ppm respectively., The current
ACGIH threshold limit value for xylene in air is 100 ppm. Lauwerysl9
indicates that an exposure at this level will result in a urinary
methylhippuric acid of 1 to 3 g/g creatinine.

RECOMMENDATIONS

In view of the findings of the environmental and medical
investigations, the following recommendations are made to ameliorate
existing or potential hazards and to provide a better work environment
for the employees. (A number of the recommendations were also made in
a letter sent to management and union representatives in April, 1984.)

1, Supervisors and their employees should familiarize themselves with
product manufacturers' recommendations regarding precautionary
measures and specific directions before attempting to use any
materials in the conduct of their work. Current Material Safety
Data Sheets and all available information concerning products used,
including health effects, should be obtained and made available to
all potentially exposed personnel. Furthermore, a continuing
education program, conducted by a person or persons qualified by
experience or special training, should be instituted to ensure that
all employees have current knowledge and understanding of the job
safety and health hazards, proper work practices, and maintenance
procedures. Materials should be labeled with information on proper
use, personal protective devices needed, and descriptions of
adverse health effects.

2. There should be a respirator program consistent with the guidelines
found in DHEW (NIOSH) Publication No. 76-189, "A Guide to .
Industrial Respiratory Protection,” and the requirements of the
General Industry Occupational Safety and Health Standards (29CFR
1910,134). (Copies have been provided to both management and union
representatives.) Any respirators used, including the approved
components and replacement parts should have NIOSH/MSHA approval.
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obstructive pulmonary disease, or evidence of sensitization to
diisocyanates, should be counseled on their increased risk from
working with these substances. Chronic bronchitis, emphysema,
disabling pneumoconiosis, or cardiopulmonary disease with
significantly impaired ventilatory capacity similarly suggest
an increased risk from exposure to diisocyanates. If a history
of allergy is elicited, applicants should be counseled that
they may be at increased risk of adverse health effects from
exposure to diisocyanates. Employees should also be advised
that exposure to diisocyanates may result in delayed effects,
such as coughing or difficulty in breathing during the night.
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X. DISTRIBUTION AND AVAILABILITY OF REPORT

Copies of this report are currently available upon request from NIOSH,
Division of Standards Development and Technology Transfer, Publications
Dissemination Section, 4676 Columbfia Parkway, Cincinnati, Ohio 45226,
After 90 days, the report will be available through the National
Technical Information Service (NTIS), 5285 Port Royal, Springfield,
Yirginia 22161. Information regarding its availability through NTIS
can be obtained from NIOSH Publications Office at the Cincinnati
address. Copies of this report have been sent to:

. Keystone Roofing Company, Inc.

. United Union of Roofers, Waterproofers, :
and Allied Workers, Locals 30 & 30B, AFL-CIO

. NIOSH, Region III

. OSHA, Region III

W N

For the purpose of informing affected employees, copies of this report
shall be posted by the employer in a prominent place accessible to the
employees for a period of 30 calendar days.
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