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PREFACE

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts fiéld-
investigations of possible health hazards in the workplace. These -
investigations are conducted under the authority of Section 20(a)(6) of the
Occupational Safety and. Health Act of 1970, 29 U.S.C. 669(a)(6) which . ;
authorizes the Secretary of Health and Human Services, following a written-
request from any employer or authorizéd representative of employees, to-

determine whether any substance normally found in the place of employment. he
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 nygiene technical and consultative-
assistance (TA) to Federal, state, and local 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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In December, 1983, the National Institute for Occupational Safety

and Health (NIOSH) received a request for a health hazard :

evaluyatien, frem.the President of Local 919, United Paperworkers ..

Intgfngtignal Union (UPIU). The UPIU representative was mainly . . .
about ¢

Tl Aded

concerned the extensive use of solvents and solvent based . N
adhesives in the Film Winding Department of Niemand Industries Inc;
m‘sta‘wsv*;c‘gz:gg@rth Carolina. A previous inspection by the state:
OSHA consulf3tignprogram had not found solvent exposures above then
OSHA Permigsible -Limits but workers -in this department— -

cont;izmed Fo.eomplain of frequent headaches, dizziness, nausea, and

MArGh, J:;gs‘,,ii‘ﬁea‘, NIOSH investigators conducted an initial . >
envitormental apd medical survey, with preliminary findings and -

omendations grovided in May 1984. During a follow-up survey:in-
June 1984, NIOSH-jnvestigators monitored exposures to orgenic - ..
vapors releasedrfrom solvent based adhesives in the Film Winding:.
Department by collecting personal air samples from 15 film winddmg: .
machine operatarss Specific compounds sampled were methyl ethyl:. -
ketong. (MEK)..-telpene, perchloroethylene, 1,1, l-trichloroethane, - .~
dioxane, ethylacetate, xylene, Teflon decomposition products (as<~ -
total, fluoxides),, methylene bisphenyl isocyanate (MDI), and toluene<.
diisocyanate(IDL}). Short-term exposures to methylene chloride ~
were jonitored.for several film winding workers performing end-of=
shift cleanup activities. A questiomnaire was administered to 16° -
employees working in the Film Winding Department, and both pre~ arnd
post~shift veneus: blood samples were obtained to determine
carboxyhemoglobin slevels, a biological index of exposure to '
methylene chicride. In the Labeling Department, short term (15—
minute)- peysensk-exposures to organic vapors were monitored at the
end of the work shift when operators cleaned a corveyer belt with a
"special blend" solvent.

Follow-up survey results were sent to company and union
representatives on November 6, 1984. The exposures found in the
Film Winding Department were mostly to MEK and dioxane, ranging
from 19 to 60 parts per million (ppm) for MEK, and 7 to 14 ppm for
dioxane. Methylene chloride exposures during cleanup activities at
the close of the work shift ranged fram 32 ppm to a high of 211 ppm
for exposure durations of 13 to 38 minutes. All of the
carboxyhemoglobin values from smokers were within the "normal
range" for smokers, but there was a slight increase over the work
shift. The mean pre-shift COHb for the non-smokers was slightly
above the normal range for non-smoKers and rose 143% over the
shift. Symptoms reported by workers assigned to the Film Winding
Departmenc were consistent with the known effects from many of the



solvents used. There was no evidence of an excess of adverse
reproductive outcomes related to occupational exposures for f£ilm
winders, ard no chronic work-related health problems were foung in
this group. Exposed workers reported no chronic medical condltlons
such as liver, kidney, lung, heart, or neurologic disorders.

Short~term exposures to the three major components of the solvent
blend operators used in the Iabeling Department ranged from 28 to
79 ppm for xylene, 6 to 20 ppm for perchlomethylene, and 15 to 18
ppm for 1,1,l-trichloroethane.

Based on the air sampling results, the NIOSH investigators
concluded t’nat‘personal exposures to the mixture of solvent
vapors detected in the Film Winding Department presented a
potautlalhealﬂlnsktoexposedwoﬂcers Although only one film
winder's combined exposure exceeded recommended exposure limits
for preverrtmg acute symptom effects (mucous membrane irritation
or depressicn of the central nervous system), NIOSH investigators
were concerned by the potential for long-term, low-dose
neurctoxic effects. Furthermore, all film-winders monitored were
exposedtodloxaneandmethylenechlondewhlchNIOSHregardsas
potential workplace carcinogens. No exposures to TDI or MDI
monomer were detected for workers using adhesives containing
polymeric TDI and MDI resins. Thermal breakdown of Teflon
polymer films (Kapton F) wasnctdetectedarxiwasnatconsa,dered
a health hazard under the corditions evaluated during this
survey. In the Iabeling Department, solvent vapor exposure times
were limited to less than 20 minutes, and short term exposure
limits were not exceeded. Recommendations for reducing exposures

are contained in Section IX of this repo

KEYWORDS: SIC 2655 (Fiber Cans, Tubes, Drums, and Similar Products),
film-winding, solvent-exposure, toluene, dioxane,
perchloroethylene, xylene, 1,1,l-trichlorcethane, methyl-ethyl-
ketone, teflon—deccmposn.tmn—products methylene-bisphenyl-
isocyanate (MDI), and toluene-diisocyanate - (TDI)
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M’ROIIICTION

In December 1983, the National Institute for Occupational Safety

ard Health (NIOSH) received a request from the United Paperworkers: - -
International Union, Local 919 for a health hazard evaluation at
Niemand Industries, Statesville, North Carolina. The original -
request mentioned a large mumber of potential chemical exposures in
a variety of departments. Based on discussions with union
representatives, NIOSH investigators focused the evaluation on the.
Fl]lerxingepartmerrt which had the greatest potential for
multiple solvent exposures, ard where possible solvent-related
adverse health effects had been reported. Solvent exposures in the
Labeling Department were also evaluated.

On March 28-29, 1984, a NIOSH industrial hygienist and physician
conducted the initial envirommental and medical survey and
submitted preliminary recommendations for decreasing exposures to
solvents in the Film Winding Department. A letter sumarizing the
initial NIOSH survey was distributed to company and union
representatives on May 30, 1984.

On June 26-27, 1984, NIOSH mvestlgators performed a follow-up .
envirormental and medical survey in the Film Winding and Iabeling
Departments. A letter discussing the envirommental results from
this survey was distributed on November 6, 1984. Industrial
hygiene and medical results were summarized and discussed by the
NIOSH physician at a meeting with company and union representatives
on November 28, 1984.

BACKGROUND

Established in 1956, the Statesville, N.C. plant of Niemand
Industries manufactures "spiral wound" tubing from paper or plastic
films. The paper wound products are custom designed by Niemand as
tubular packaging for items such as cosmetics and toiletries,
condiments, and flea powder. Film wound tubing is sold mainly to
designers, manufacturers, and rebuilders of electrical and
electronic equipment for use as insulation sleeving. At the time
of the NIOSH imnvestigation the plant employed 215 production and .
maintenance workers, plus 20 others who worked in management or
clerical jobs. ,

Most of the plant was devoted to paper winding operations.

Adhesives used for paper winding were typical water-based vinyls

such as polyvinyl alcohol, or polyvinyl acetate. These processes
did not use solvents and no serious exposure hazards were observed.

A. Film Winding Department

The Film Winding Department was located in three adjoining rooms,
in a separate area at the rear of the main building. This
department was air conditionea. Ventilation was provided by
pulling contaminated air through ceiling mounted exhaust fans.
Uncontaminated outside make~up air was introduced into the

s
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department through the air-conditioning supply air vents. The air
from these vents was about 25% outside air and 75% recirculated
air. Management representatives reported that the air exchange
rate in this department was about 6-10 air changes per hour.
Sixteen film winding machines were operated by the Film Winding
Department, with Film Room 1 containing seven machines, Film Room 2
containing three machines, and Film Room 3 containing five i
machines. Both Film Rooms 2 and 3 had a special purpose machine
for making very small diameter tubes. The film winding machines
formed plastic sheets into spiral wound plastic tubing.

A variety of solvent based adhesives were used depending on the
type of film being wourd. Adhesives were blended in the mixing
room located in the corner of Film Room 3. Only one-employee, who
also operated a film winding machine, was assigned to mix
adhesives.

Typical ingredients for the wost frequently used adhesive mixture
were:

1. polyester resins, such as Dupont 56065, Dupont 46956,
Bostic 7693, or Bostic 7650;

2. an adhesive additive (EPON 828);

3. and catalysts, such as Mondur MR, Boscodur No. 1, or
Boscodur No. 22.

Solvent components in these materials, as identified by
mamafacturers' material safety data sheets were:

Dupont 56065 - methyl ethyl ketone (MEK)S55%
- toluene diisocyanate (TDI) 2.6%

Dupont 46956 — MEK 40%
- dioxane 35%

Bostic 7650 -~ toluene 50%
- MEK 20%

Bostic 7693 - MEK 70%

Mondur MR ~ polymeric isocyanate derived from methylene
bisphenyl isocyanate (MDI)

Boscodure No. 1 or 22 - polymeric isocyanate derived from TDI

Other solvents used were tetrahydrofuran for solvent welding of
polycarbonate films; 2-ethoxyethanol or 2-ethoxyethanol acetate,
also used for solvent welding of special films; and denatured ethyl
alcohol, used as an ink solvent. :
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At each filwm winding machine; rolls of plastic film (2 or more)
were urwound and coated on one side with a solvent based adhesive.
by runing the unrolling strip of f£ilm through a "glue starnd.” The
glue stand held an open pan of adhesive and was equipped with a
pickup and metering roller for transferring the proper amount of
adhesive to one side of the film. Each film strip then passed
under a dryer to flash off the residual solvent. Next, the
converging f£ilm strips were spiral wound around a steel rod (the
mandrel) to form a contimuous plastic tube held together by the
adhesive coating. Tubing was cut into 8 to 10 foot length as it
cane off the marndrel.

Workers complained about the odor from a special type of tubing
called "sticky tube" which was wound on only one machine. Adhesive
was. coated on both sides of the film used to produce sticky

tubing. This double sided coating left some residual undried
adhesive inside the finished tubing. To dry the adhesive and flush
out any residual solvent, air was blown through a stack of finishegd
tubes placed on a special table. The solvent vapors flushed from
the tube stack were directed into a small box shaped exhaust hood
attached to a flexible exhaust duct. The vapors flushed off were:-
mostly ethyl acetate and toluene.

Methylene chloride was used to clean out adhesive pans and glue
stands. Methylene chloride was also used occasionally to clean up
film winding machines.

Spiral winding of Teflon film, known as Kapton F, was accamplished
by heat fusion. No adhesive was used, but some film winding
workers complained about the odor from this process.

B. ILabeling Department

Another area evaluated was the labeling Department. This operation
required operators to marmally roll adhesive coated labels onto-
paper tubes. A solvent called "special blend” was used by the - ——
operators to clean the conveyer belts after they became coatedmth,
adhesive. This task was normally done at the end of the shift
requiring only 15 to 20 minutes.

EVATUATTON DESIGN AND METHODS

A. Envirormental

To identify the organic vapors released during the film winding -
processes, bulk air samples were collected on activated charcoal
tubes and qualitatively analyzed by gas chromatography / mass
spectrometry (GC/MS). These samples were collected in each film
winding room and in the mixing area during the initial NIOSH
survey. The results from these samples were used in the
development of a follow-up envirommental survey protocol.
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During the follow-up survey, exposures to organic vapors in the
Film Winding Department were monitored by collecting perscnal air
samples from the Film Winder Operatore and from the worker who
mixed adhesives. Battery powered air sampling pumps were used to
pull a known quantity of air through the appropriate sample
collection media. The collection device was attached to the
worker' shirt collar, and connected via a plastic tube to a pump
attached to the worker's belt. During clearup activities at the
close of the work shift, short term (13-38 minute) exposures to
methylene chloride were also monitored.

In the Iabeling Department, the four labeling machine operators
were fitted with air sampling equipment to monitor their exposures
to solvent vapors when cleaning the labeling machine conveyer belt
at the end of the shift. Only short term exposures were measured
because the task was completed within 15 minutes.

The specific compounds sampled and the methods used for collection
and analysis of the samples are summarized in Table 1. All
substances listed in Table 1 were sampled and analyzed according to
NTOSH recommended procedures.

B. Medical

During the initial visit, pr:.vate medical interviews were conducted
by the NIOSH physician w:.’ch six employees from the Film winding
Departwent in order to determine the extent of possible work=
related health complaints.

During the follow-up survey, the superv:.sor and 15 employees in the
Film Winding Department participated in the interviews and
biological monitoring. Confidential interviews included questions
about irritant, neurologic, and dermatologic symptoms associated
with mixed solvent exposures. Participants were also asked about
reproductive and other medical history, work habits, job history
(at Niemand), and smoking history.

Based on direct observations and employee interviews, NIOSH
investigators concluded that exposures to methylene chloride were
mostly through skin absorption rather than inhalation. Because of
concerns that air monitoring for methylene chloride might not
accurately reflect individual exposures, pre- and post—shift venous
blood samples were dbtained from 16 people working in the Film
Winding Department for determination of carboxyhemoglobin levels, a
biological index of exposure to methylene chloride (and carbon
monoxide). Blood was drawn from parl:1c1parrts immediately upon
their arrival at the plant on Wednesday morning of their Monday
through Friday work week. :

V. EVAILUATION CRTTERTA
A. Frvirommental Criteria

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

T
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for assessment of many 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. However, 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 susceptibility, a pre-existing medical
condition, or a hypersensitivity (allergy).

In addition, some hazardous substances may act in cambination with
other workplace exposures, the general envirorment, 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 cambined effects are
often not ‘considered in the evaluation criteria. Also, some
menbranes which could potentially increase the total exposure.
lastly, evaluation criteria may change over the years as new
information on the toxic effects of an agent becomes available.

The primary-sources of envirommental evaluation criteria for the
workplace are: (1) NIOSH recommended exposure limits (RELs)™, (2)
the American Conference of Govenmenta% Industrial Hygienists'
(ACGIH) : Threshold Limit Values (TIVs),” and (3) the U.S. gepart:ment
of Labor - (OSHA) -occupational safety and health standards.” Often,
the NIOSH recommendations and ACGIH TIVs are lower than the
corresponding OSHA standards. Both NIOSH recommendations and ACGIH
TIVs 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 NIOSH-recommended
exposure limits, by contrast, are based primarily on concerns
relating to ‘the prevention of occupational disease. When .
considering the exposure levels and the recommendations for
reducing these levels found in this report, employers should note
they are legally required to meet those levels specified by an OSHA
standard.

For those cempounds with established occupational exposure limits,
the various-criteria proposed by OSHA, ACGIH, and NIOSH for
airborne concentrations of the chemical substances measured in this
evaluation-are listed in Table 2. 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 limits (STEL) or ceiling
values which are intended to supplement the TWA where there are
recognized toxic-effects from high short-term exposures.

For the purposes-of this evaluation, NIOSH has selected the most
stringent exposure limits as our evaluation criteria. The major
health effects anticipated for workers exposet above these
evaluation criteria are sumarized in Table 2.
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B. Additional Toxicity Information
1. Methylene Chloride

Methylene chloride is a chlorinated organic solvent. Symptoms of
overexposure may include mental confusion, light-headedness,
nausea, vomiting, and headache. Inhalation of vapors may also
cause irritation of the upper respiratory tract. Exposures to
methylene'chloride may aggravate the symptoms of angina. Direct 4

It is easily absorbed by the lungs (getention: 55-70%) and by
direct skin contact with the liquid. Following absorption,
methylene chloride is partly metabolized to carbon monoxide (Q0)
and carbon dioxide. Carbon monoxide in the blood combines with
hemoglobin, forming carboxyhemoglobin (COHb) and making the
hemoglobin molecule less able to bind with oxygen. Measurements of
carboxyhemoglobin or carbon monoxide in expired air correlate with
the magnitude of methylene chloride exposure.

The half-life of COHb resulting from methylene chloride exposure is
10-12 hours; that is, after a person absorbs methylene chloride
(through skin or inhalation), COHb in the blood will not be
eliminated immediately, but will decrease by one-half approximately
every 10-12 hours. The COHb level will continue to rise with
continued exposure if the rate of absorption is greater than the
rate of elimination. Also, the COHb level can contimue to rise
even after a person is removed from exposure. This most likely
results from conti cornversion of methylene chloride stored in
body tissues to COHb.

Because cigarette smoke contains carbon monoxide, smokers
frequently have an average carboxyhemoblobin level of 2 to 10% or
sometimes as high as 18%. OOHb is generally less than 1% in non-
smokers. The combined effects of smoking and exposure tomeiihylene
chloride produces an additive increase in blood OOHb values:

Human male subjects (non-smokers) exposed experimentally to
methylene chloride for 7.5 hours daily on 5 consecutive days :
attained average peak COHb percentages of 2.9% at 50 ppm methylene :
chloride, 5.7% at 100 ppm methylene chloride, and 9.6% at 250 Pem }
methylene chloride. 81n each case, the peaks were attained on the : :
5th day of exposure.” Higher values would be expected if subjects
exercised during exposure.

Exposure to methylene chloride sufficient to produce COHb levels of
5% has been shown to produce acute d in the speed and
precision of psychomotor performance.” Chronic methylene chloride
exposurelaas been reported to affect neurologic function in
animals, ™ and high exposures have beﬂ reported anecdotally to
cause chronic brain damage in hi . In 1976 NIOSH recommended
a time-weighted average (TWA) exposure limit to methylene chloride
of 75 ppsz order to maintain COHb levels below 5% in non-
smokers. The reference interval (“nmormal range") for
carboxyhemoglcbin is 0.5 = 2.0% for non-smokers and less than 12%
for smokers. ' .
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Since 1976, the carcinogenicity of methylene chloride has been
documented in several studies of chronic effects in animals.
Therefore, in 1986, NIOSH. identified methylene chioride as a -
"potential carcinogen®, and :c\igcnmuended that exposures be reduced
to the lowest feasible level.

2. Diowane

Neoplastic lesions, most often described as tumors of the liver and
nasal cavity, have been produced in experimental animals given -
drinking water containing approximately 1% dioxane. NIOSH
therefore considers dioxane a suspect carcinogen and recommends
reducing exposures to the lowest feasible level, not to exceed

1 ppm for a 30-minute exposure duration, the lowest level of
detection by current sampling and analytical methods. Dioxane can
also penetrate the skin readily causing liver and kidney damage.

RESUITS
A. Enwvirormental

The results for the air samples collected in the Film Winding
Department are presented in Table 3. The exposures found were
mostly to MEK ard dioxane, ranging from 19 to 60 ppm for MEK, and 7
to 14 pom for dioxane. There was little variation in exposure
levels between the three film winding rooms. Because NIOSH
considers dioxane a potential workplace carcinogen, any exposure
above 1 ppm (30 mimite exposure average) exceeds our evaluatiom
criteria. However, when considering only the upper respiratory and
central nervous system effects from "combined" exposures to all of
the solvent vapors monitored, only the film winder, who also mixed
adhesives, was exposed above the evaluation criteria (exposure
exceeding 1.0 as determined by the ACGIH combined exposure formuila
[see Table 3]). A graphic representation of the combined exposure
profile for each film winder monitored is presented in Figure 1.

Short-term exposures to methylene chloride during cleanup of film
winding machines are shown in Table 4. Individual exposures to
film winders ranged from 32 ppm to a high of 211 ppm. Exposure
durations ranged from 13 to 38 minutes.

Teflon decomposition products (as total fluorides) were detectable
directly above the winding mandrel of machine 02-08, but no
personal exposures were detected (see Table 5).

No exposures to TDI monomer (12 personal samples taken) or MDI
monomer (4 personal samples taken) were detected in the Film
Winding Department.

Table 6 shows the labeling machine operators' exposures to vapors
from the special blend solvent used in the Iabeling Department for
their "end-cf-shift" cleanup. Exposures to the three major
camponents of this solvent ranged from 28 to 79 ppm for xylene, 6
to 20 ppm for perchloroethylene, and 15 to 18 ppm for 1,1,1~



Page 10 — Hazard Evaluation ard Technical Assistance Report No. 84-1C8

trichloroethane. Exposures were below the evaluation criteria for
the individual organic vapers monitored and also kbelow the ACGIH
combined exposure limit for all organic vapors identifed in this
area. Perchloroethylene vapors were consistently detected in the
samples collected in this area although the supplier of the
"special blend" solvent had not identified perchlorvethylene as a
conmponent.,

B. Medical

The six male film winders interviewed during the initial survey
reported experiencing headaches, dizziness, eye irritation, nose
and throat irritation (to a lesser extent), nausea, drowsiness,
skin irritation, and acute respiratory symptoms (difficulty
breathing, coughing, and choking sensation). Every worker -
interviewed complained of multiple (two to seven) acute symptoms
from exposures encountered in the routine performance of their
jobs. Some employees reported using methylene chloride and MEK for
hand-washing, as well as for cleaning their machines, egquipment,
and spills.

During the follow-up visit in June, the supervisor and 15 of 16
film winders participated in the medical survey. The one film
winder who did not participate was on vacation. They included: 14
men (10 black, 3 white, 1 Hispanic) and 2 white women. The mean
duration of employment at Niemand was 9.6 years, with a range of
one year to 27.5 years. The mean duration of employment in the
film winding area was 4.1 years, with a range of one month to 13.5
years. Table 7 summarizes the frequency of symptoms experienced at
work, as reported in the follow-up survey interviews.

No one reported chronic medical conditions such as liver, Kidney,
lung, heart, or known neurologic disorders. Two men reported
having children with birth defects. However, the birth defects
were of different organ systems, and the spouse of one of these men
was employed in an occupation with possible reproductive hazards.

Tt was apparent from the medical interviews that work practices
were varied. Some emplovees reported washing their hands in
methylene chloride or MEK up to 10 times a day; others stated that
they never washed their hands in solvents.

The results of the pre- and post-shift carboxyhemoglobin (COHb)
levels are presented in Table 8. The findings for non-smokers (7
people) and smokers (9 people) are presented separately; the
reference intervals (normal range) are different since carbon
monoxide in cigarette smoke can contribute to the measured COHb
levels in smokers. Of the 32 blood samples cbtained, 4 could not
be analyzed by the laboratory because of small clots that formed in
the specimens from handling and transporting the samples.

As shown in Table 8, the pre-shift to post-shift COHb level
increased in five of the six non—smokers. The mean COHb level for
all the non-smokers (7 people) rose from 2.8% pre-shift to 4.0%
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post-shift. One non-smoker had a post-shift level of 4.9%, and
another had a post-shift level of 5.3%. The COHb level al=o rose
in five of the six smokers who had both pre-shift and post-saift
values. The mean COHb level for all the smokers (9 people)
increased from 6.1% pre-shift to 6.8% post-shift. As the values in
Table 8 show, there was considerable variability in the COHb levels
for smokers. These variable and relatively higher values for the
COHb levels in smokers, in contrast to the non-smokers, represent
the contribution of an individual's smoking habits to their OOHb-
levels. It was not possible to differentiate between COHb produced
by methylene chloride exposure and that produced from cigarette
smoking during the work shift.

Iherewasmeviderweofanexcesscfadversereproductiveoutcomes
related to occupational exposures for the employees in the Film
Winding Department. Also, no chronic work-related health problems
were apparent among the film winders., However, much remains
unknown about the chronic health effects of long-term, low-level
exposures to the various chemicals used in this plant.

DISCUSSION

Although TWA exposures to individual organic vapors, for other than
suspect carcinogens, were below the OSHA PELs, ACGIH TIVs, and
NIOSH RELs, the cambined solvent exposures for many film winders
approach?d the limit as defined by the ACGIH combined exposure
formula.” There is also some evidence of a synergistic effect from
exposure to solvent mixtures. That is, mixtures of solvents may be
more neurotoxic than the individual components alone, resulting in
mpaged performance even where exposures are well below the

TLV. A case~control study of Scandinavian patients with
neuropsychiatric disease suggested that previoufesolvent exposure
may account for up to 3-4% of all such disease. Among solvent-
exposed patients, nearly one-half of all neuropsyil;iatric disease
has been estimated to be due to solvent exposure.”’ Based on these
studies, among others, clinical neuropsychiatric disorders
resulting from solvent exposure are now accepted as an ggcupational
disease by the Swedish National Social Insurance Board.

The reported acute symptoms are consistent with the known effects
from many of the solvents used in the Film Winding Department and
indicated that exposures should be better controlled. Mucous
membrane irritation, evidenced in this group by the eye, nose,
throat, and respiratory irritation symptoms reported; and narcosis
(drowsiness, sleepiness) are prominent toxic effects of many of the
solvents used in film winding.

All of the carboxyhemoglobin values from smokers were within the
reference interval ("normal range") for smokers, but if the pre—
shift mean is compared to the post-shift mean, there is a very
slight trend toward increase over the work shift. For the non-
smokers, each of the samples, except one, was higher than the upper
limit of normal. The mean pre~shift COHb of the non-smokers was
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VIII,

slightly above the reference interval and rose 143% over the

shift. To interpret these results appropriately, it is important
to recall that the half-life of carboxyhemoglobin resulting from
methylene chloride exposure is 10-12 hours. The pre~ and post-
shift carboxyhemoglobin samples were drawn on Wednesday, the third
day of the working week for the film winders, and might reflect
carboxyhemcblobin elevations that had accumilated for two days. If
the carboxyhemoglobin levels had been drawn pre-shift on Monday,
the non-smokers might have had a mean level less than 2.0%. The
mean post=-shift carboxyhemoglobin level (4.0%) is still below the
NIOSH recommended limit of 5.0%. Also, if the carboxyhemoglobin
levels had been drawn on Friday, the non-smokers might have had
pre- and post=-shift levels higher than those measured on

Wednesday. This speculated range of carboxyhemoglobin elevations
does not represent an immediate health risk, but is of concern
because of the severity of the potential chronic adverse effects on
the neurologic and cardiovascular systems from long-term low-level
carboxyhemoglobin elevation.

The short term exposures measured for methylene chloride vapors
were higher than expected, but exposure durations represented only
a small portion of the total work shift period. Therefore, the
rise in carboxyhemcglobin levels over the work shift supports our
suspicion that film winders may have been getting substantial
exposure to methylene chloride through skin absorption. This
underscores the important role that careful work practices and

personal hygiene can play in minimizing solvent exposures.
CONCIDUSTIONS

Based on the air sampling results, personal exposures to the
mixture of solvent vapors detected in the Film Winding Department
present a potential health risk to exposed workers. Although only
one film winder was excessively exposed to solvent vapors, as
determined by comparison to recommended exposure limits for
preventing acute symptom effects (mucous membrane irritation or
depression of the central nervous system) , the potential for long-
term, low-dose neurctoxic effects remains. NIOSH considers the
PEls, REIs, and TIVs for the specific organic solvents found in the
workplace as the upper boundaries of exposure arnd recommends that

employers mak?gevexy effort to keep exposure concentrations below
these levels.

All film winders monitored were exposed to dioxane, which NIOSH
regards as a potential workplace carcinogen. Exposures to
methylene chloride through inhalation of vapors during cleaning
operations, and through direct skin contact, were also detected or
cbserved. Because dioxane and methylene chloride exposures were
found in the Film Winding Department, the NIOSH irnvestigators must
conclude that a health hazard exists for workers using solvents or
solvent based adhesives containing these potential carcinogens.
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No health hazard from exposures to TDI or MDI moncmer were found: -
from the use of adhesives containing polymeric TDI or MDI resins.
Thermal breakdown of Teflon polymer filws (Kapton F) wis rot o
detected and was not considered a health hazard under the
conditions evaluated during this survey.

In the ILabeling Department, cleaning of the corveyer belt with the
special blend solvent did not overexpose workers to solvent vapors
because the solvent was used less than 20 mimites during the work
shift. Short term exposure limits were not exceeded.

RECOMMENDATTONS

1. Management and union representatives should cooperate in
monitoring worker complaints or acute symptoms which could
sexrve as a measure of the effectiveness of progressively
instituted improvements in engineering controls and work
practices. The goal should be to ultimately eliminate acute
adverse effects for workers in the Film Winding Department.

2. Iocal exhaust ventilation systems should be designed and
installed for all f£ilm winding machines and glue stands to
further reduce solvent vapor exposures. A more effective
ventilation system is also needed in the adhesive mixing area.

3. Worker education programs should be instituted to inform
workers about the hazards of exposure to organic solvents and
to provide information on safe handling practices to minimize
their exposures.

4. Direct skin contact with organic solvents should be prevented
through the proper use of solvent-resistant gloves, aprons,
boots, or entire work suits, depending on the nature and extent
of the potential exposure hazard. Face shields or chemical
safety goggles should be used wherever the potential for
splashing exists. Any clothing that becomes contaminated with
organic solvents should be removed and discarded or cleaned
before reuse. Areas of the body that come in contact with
organic solvents should be thoroughly washed with soap and
water. Bathrooms, showers, and change rooms should provide for
effective personal hygiene.

5. The use of solvents containing dioxane should be eliminated,
since this is the only way to feasibly reduce exposures to ;
below the 1 ppm, 30-mimite exposure limit recommended by NIOSH.

6. Adhesive spills should be avoided to minimize the frequency
with which solvents are used for cleanup. Because of the
potential cancer risk, methlene chloride should not be used as
a cleanmup solvent. -
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SUBSTANCE

Film Winding Department:

Methyl ethyl ketone

Toluene
Perchloroethylene
111-trichloroethane
Dioxane
Ethylacetate
Xylenes

Teflon decomposition
products (as fluorides)

Methylene chloride

MDIX

TDI

Labeling Départment:

Xylenes
Perchloroethylene
111-trichloroethane

cc/min = cubic centimeters of air per minute

TABLE 1

AIR SAMPLING METHODS

HETA 87--108

NIEMAND INDUSTRIES

STATESVILLE, NORTH CAROLINA

Ipm = liters of air per mimite

COLLECTION METHOD FIOW RATE
Anbersorb tube 100 cc/min
Charcoal tube 100 cc/min
" i
1 Bt
1] 11
1] 1
i it
Alkali treated 2.5 Ipm
cellulose filter '
charcoal tube 50 cc/min
Impregnated fiber 1 Ipm
glass filter
Coated glass wool 1 Ipm
Charcoal tube 200 cc/min

NIOSH
ANATYTTCAT, METHOD

S-318

PCRM 347

PCAM 326

PCAM 127
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TABLE 4
METHYLENE CHLORIDE SHORT TERM EXPOSURES
HETA 84-108
NIEMAND INDUSTRIES
STATESVILLE, NORTH CAROLINA

Film Winding Department
June 26-27, 1984

_ - Sampie Duration Sample Vol Concentration
Job Classification Start-Stop minutes liters ppm

June 26 -

Film Winder-Cleanup 1532 - 1600 28 1.37 210.7

Film w1ndefmC1ganup 1532 ~ 1600 28 1.08 79.8

Film Winder-Cleanup 1632 - 1710 38 1.97 46.7

Film Winder-Cleanup 1635 - 1655 20 0.62 32.4

June 27 ' ’ 'iff
Film Winder-Cleanup 1537 - 1554 17 0.15 308.7

Film Winder-Cleanup. 1540 - 1553 13 0.80 82.7 -
Evaluation Criteria (ceiling limit) 00

- e o s con o e KD AR U S R O RO R P 00 @0 M AR G W S G RGP G G O G D O A e S D D e G D LR e o S S S DR S e e ) o S W M G . R D W A e A K U U WD

Limit of Detection = 0.01 mg/sample or about 4 ppm for a 15-minute sample

ppm = average exposure in parts per million for the sampling duration.

Sl
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TABLE 5

POLYTETRAFLUOROETHYLENE (TEFLON) DECOMPOSTITION PRODUCTS
(as total fiuorides)

FROM KAPTON F
HETA 84-108
NIEMAND INDUSTRIES
STATESVILLE, NORTH CAROLINA

Film Winding Department
June 26-27, 1984
Film Winding Machine 02-08

Fiuoride
Sample Vol Conct
Job Classification Start Stop liters mg/M3
June 26: ,
Film Winder Mch. 02-08 1356 - 1657 467.50 <0.01
Film Winder Mch. 03-10 1350 - 1554 310.00 <0.02
Mch 02-08 below mandrel 1350 -~ 1702 480.00 <0.01
Mch 02-08 above mandrel 1350 - 1702 480.00 0.05
Mch 02-08 at exhaust hood 1350 ~ 1702 480.00 <0.01
June 27:
Film Winder Mch. 02-08 0735 ~ 1155
" 1240 - 1455 987.50 <0.01
Film Winder Mch. 03-10 0805 - 1155
" 1248 - 1455 892.50 <0.01
Mch 02-08 below mandrel 0735 - 1457 1105.00 <0.01
Mch 02-08 above mandrel 0740 ~ 1457 1092.50 <0.01
Evaluation Criteria None*

s D Gy S B e B0 e o v ve W KD G AIY QXD dn ST GRr 0 G G SO e K T TR GUR B 0 O O AT O TE D00 G G 0N G T GO D A ) G0 6T G0 S (6 000 W TR0 S0 63 G SRD (G 40D AT T oo Alne G 68 G oo dui 0 4>

Limit of Detection = 0.006 milligrams/sample or_0.01 milligrams per cubic
meter of air sampled (mg/M3) for gaseous and
particulate fluoride

*Note Although no evaluation criteria has been established for
polytetrafiuoroethylene decomposition products, thermal
decomposition of the fluorocarbon chain in air leads to the
formation of oxidized products containing carbon, fluorine, and
oxygen. Pending a determination of the toxicity of these
decomposition products, no exposure limit is recommended.
Exposures to these products are normally measured by sampling the
air for fluorides. The exposure Timit for fluorides is 2.5
mg/M3, monitored as an 8-hour time weighted average.2



TABLE 7

WORK-RELATED ACUTE SYMPTOMS REFORTED BY FILM WINDERS

Symptom

Drowsiness |
Respiratory

Eye jrritation
Nose irritation
Throat irritation
Headache
Dizziness

Dry skin

Nausea

Sinus congestion
and/or pain

HETA 84-108
NIEMAND INDUSTRIES

STATESVILLE, NORTH CAROLINA

June 1984

No. of Film Winders
Reporting the Symptom

11
10
8

Percent of Total Group

(16 Eeog]e}

69
63
50
44
31
31
31
31
31
19



TABLE 8
CARBOXYHEMGGLOBIN (COHb) LEVELS
HETA 84-108
NIEMAND INDUSTRIES
STATESVILLE, NORHT CAROLINA

June 1984

PERCENT (%) COHb

Pre-shift Post-shift

2.0 4.0
Non-smokers 2.1 4.9
people 2.3 3.1
: 2.8 4.0

(Reference Interval: 3.0 clotted
0.5-2.0%) 3.3 2.7
4.2 5.3
Mean: 2.8 4.0
2.9 7 3.8
‘ 4.2 6.7
Smokers (9 people) 4.7 7.0

) 6.1 clotted

(Reference Interval: 6.4 clotted
-less than 12%) 6.5 7.1
7.1 5.3
10.5 10.8
clotted 6.6

Mean:

o
@
—_
o
&
(o]
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	disclaimer: This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.  Additional HHE reports are available at 
	link: http://www.cdc.gov/niosh/hhe/


