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   I. SUMMARY

In October 1984, the International Association of Machinists and Allied Workers Union
(IAMAW) requested that NIOSH evaluate worker exposure to 1,1,2-Trichloro-1,2,2-
trifluoroethane at Wiltech of Florida.  Wiltech provides cleaning services to Kennedy Space
Center, Florida.  This compound, known by the trade name Freon® 113, and also as
fluorocarbon (FC) 113, is used to clean aerospace components.  The primary hazard
evaluation objective was to determine whether FC 113 exposure correlated with an increase
in the number of cardiac arrhythmias.

An in-depth industrial hygiene/medical evaluation was performed at Wiltech in February 1990. 
A similar evaluation was also performed at Rothe Development, Inc., Houston, Texas, in
March 1990.  A total of thiry-one workers--22 workers from Wiltech, 9 from Rothe--
working at various cleaning operations participated in the study.  Each worker wore a
Holter® monitor to determine cardiac functioning; concurrently, short-term exposure
measurements were made for FC 113.  Sequential short-term exposure measurements were
used to calculate eight hour time-weighted averages (8-TWA) and to characterize exposures
associated with specific cleaning tasks.

Among clean room workers, 8-TWA exposures at Wiltech ranged from 151 ppm to 439
ppm with a mean of 274 ppm; at Rothe, exposures ranged from 70 to 935 ppm with a mean
of 271 ppm.  Among pre-clean workers, 8-TWA exposures at Wiltech ranged from 49 ppm
to 186 ppm with a mean of 110 ppm.  At Rothe, exposures ranged from 2 ppm to 103 ppm
with a mean of 25 ppm.  The Occupational Safety and Health Administration (OSHA)
Permissible Exposure Limit (PEL) and the NIOSH Recommended Exposure Limit (REL) for
FC 113 is 1000 parts per million (ppm).

For short-term exposures in the clean room at Wiltech, the sampling task had the highest
mean exposure--497 ppm.  At Rothe, the sampling task also had the highest mean exposure--
1144 ppm.  The OSHA Short Term Exposure Limit (STEL) for FC 113 (measured over a 15
minute sampling period) is 1250 ppm.  The NIOSH REL for this sampling period is also 1250
ppm.  Several exposures measured during performance of this task at both facilities exceeded
1250 ppm.  In the pre-clean areas at both facilities, the cleaning task, associated with use of
the FC 113 vapor degreaser, had the highest mean exposure:  153 ppm at Wiltech, 40 ppm at
Rothe.

Cardiac monitoring data and FC 113 exposure data from each  facility were combined for the
evaluation of cardiotoxic effects of FC 113 exposure.  Exposure and ambulatory
electrocardiographic (ECG) monitoring were conducted simultaneously on 31 workers, 16 of
whom were examined on both exposed and low or non-exposed workdays.

For the 16 workers examined on exposed and low or non-exposed workdays, no within
subject differences were found in the rate of ventricular premature beats (VPB's) or
supraventricular premature beats (SVPB's), fluctuations in the length of the P-R interval, or
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heart rate.  For the 31 workers monitored on an exposed day, we found no discernable effect
of peak short-term exposures on VPB's, SVPB's, heart rate, or the length of the P-R interval. 

The study results suggested that the observed levels of FC 113 exposures at these
two facilities did not induce cardiac dysrhythmias or subtle changes in cardiac
activity.  Exposure data indicated all 8-TWA exposures to be below the OSHA PEL
and the NIOSH REL of 1000 parts per million (ppm).  However, several short-term
exposures during the sampling task at both Wiltech and Rothe exceeded the OSHA
STEL 1250 ppm.  Recommendations regarding exposure monitoring for the
sampling task, employee work practices, the use of protective gloves, the use of
chemical alternatives to FC 113, and the use of a vapor degreaser at Rothe as an
alternative to spray application of FC 113 are made in Section IX of this report. 

Key Words:  SIC 3471 (Electroplating, Plating, Polishing, Anodizing and Coloring), FC 113,
1,1,2-Trichloro-1,2,2-trifluoroethane (CAS No. 76-13-1), Freon 113, cardiac arrhythmias
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The study results suggested that the observed levels of FC 113 exposures at thesetwo facilities did not induce cardiac dysrhythmias or subtle changes in cardiacactivity. Exposure data indicated all 8-TWA exposures to be below the OSHA PELand the NIOSH REL of 1000 parts per million (ppm). However, several short-termexposures during the sampling task at both Wiltech and Rothe exceeded the OSHASTEL 1250 ppm. Recommendations regarding exposure monitoring for thesampling task, employee work practices, the use of protective gloves, the use ofchemical alternatives to FC 113, and the use of a vapor degreaser at Rothe as analternative to spray application of FC 113 are made in Section IX of this report.
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  II. INTRODUCTION

In October 1984, the International Association of Machinists and Allied Workers Union
(IAMAW) requested that NIOSH evaluate the exposure to 1,1,2-Trichloro-1,2,2-
trifluoroethane, also known as FC 113, during aerospace component cleaning operations at
Wiltech of Florida.  Wiltech is located at Kennedy Space Center (KSC), Florida.  The
IAMAW indicated that FC 113 was used on a daily basis in the clean room.  The FC 113
vapors are inhaled by employees; skin contact was also reportedly occurring.

       
Based on reports of several worker fatalities as result of exposure to FC 113 and subsequent
cardiac arrhythmia or asphyxiation1, the primary study objective was to determine if exposure
to FC 113 was correlated with an increase in the number of cardiac arrhythmias.  Preliminary
exposure measurement surveys were performed at Wiltech in November 1984 and
September 1985.  The medical evaluation component, involving determination of cardiac
arrhythmias, was put in abeyance due to the Shuttle accident in 1986.  The project was
reactivated in 1989. 

Another aerospace component cleaning facility operated by Rothe Development, Inc for the
Johnson Space Center, (JSC) Houston, Texas expressed interest in participating in the hazard
evaluation and was subsequently included.  

In-depth industrial hygiene/medical evaluations were performed at Wiltech in February 1990
and at Rothe in March 1990.  Individual tests results and exposure measurement data were
mailed to participants in July 1990.

 III. BACKGROUND

Facilities

At KSC, cleaning activities have been ongoing at the current location since 1966 under
several contractors.  Wiltech has had the contract since 1982.  At JSC, cleaning activities
began at the current location in 1968;  Rothe has had the contract since 1978.  Clean room
and pre-clean operations were conducted over two shifts at Wiltech; field cleaning activities
were carried out primarily on the first shift, but may also be conducted at any time depending
on KSC needs.  Rothe used only one shift.  FC 113 has been used as the primary cleaning
solvent at both facilities since start-up.
The clean room at Wiltech was substantially larger than that at Rothe.  The former occupied
approximately 2400 ft2 of floor space; the latter about 900 ft2. 

The clean rooms at both facilities used a laminar air flow scheme to provide an environment
suitable for precision cleaning and packaging of aerospace components of various sizes and
configurations.  However, Wiltech used a horizontal air flow scheme while Rothe used a
vertical (ceiling to floor) air flow scheme.  Both clean rooms provided about 10% fresh make-
up air and recirculation of 90%.  
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Job Titles

[NOTE TO READERS:  Words in bold type denote a job title;  words in italic denote a
specific work task.]

For both facilities, there were four major job titles:  Clean Room Mechanic; Clean Room
Mechanic:  Quality Assurance; Pre-Clean Mechanic and Pre-Clean Mechanic: 
Quality Assurance.  Each of these job titles performed a variety of tasks.

• The Clean Room Mechanics performed washing (referred to as sampling) of parts
with FC 113.  They also performed assembly and packaging of cleaned parts.

 • Pre-Clean Mechanics performed initial cleaning of parts using a variety of detergents. 
Dip cleaning of parts in a Freon 113 vapor degreaser was also performed as required.

• Clean Room Mechanics:  Quality Assurance performed inspection of parts for
adequacy of cleaning.  They also performed physical testing of parts as necessary.  The
testing task included analysis of FC 113 solutions for organic residues. 

• Pre-Clean Mechanics:  Quality Assurance performed inspection of parts for
adequacy of pre-cleaning.

At Wiltech, workers in a separate classification performed cleaning of parts that were too
large for cleaning in the clean room.  As part of this process, the Field Clean Mechanics
performed a sampling task using FC 113 in an open outside shed which was physically
separated from the clean room.  Prior to the sampling task, the parts were first set up using a
crane or other mechanical support.  For some parts, a FC 113 cleaning technique referred to
as flow-cleaning was employed.  Parts included large hoses and large component structures. 
Cleaning activities included internal rinsing (i.e. sampling) of large hoses with FC 113.  The
Field Clean Mechanics:  Quality Assurance performed inspection and testing tasks
related to field cleaning.

The component cleaning process related to clean room operations was essentially similar at
both facilities.  Parts were first cleaned in a pre-clean room using a FC 113 vapor degreaser,
followed by additional cleaning in a series of acid and detergent baths.   Following inspection
in the pre-clean room, the parts were brought to the clean room.  The parts underwent an
initial cleaning flush (i.e. sampling) with FC 113.  A small amount of the flushed FC 113
solution was then collected and a particle count performed under a microscope.

If the particle count exceeded specifications, indicating that the pre-cleaning process did not
clean the part sufficiently, the part underwent recleaning.  This recleaning involved another
flush (i.e. sampling) of the part with FC 113.  If the subsequent particle count indicated
sufficient cleaning, the part was then packaged in polyethylene bags and heat sealed.  If the
part was from a larger component, the component was assembled and then packaged.  

While the cleaning process was essentially the same at both facilities, the actual cleaning
methods used were different.  Wiltech used a dip cleaning process whereby the Clean Room
Mechanic first grasped the parts to be cleaned with tongs and then dipped the parts into a
cylindrical container which was situated in a metal sink.  The container was continuously
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supplied with FC 113 issuing forth from a spigot.  The FC 113 overflowed the container,
flowed into the sink drain, and was piped to a filtration system for cleaning and recycling.

In contrast, Rothe used a spray-cleaning process whereby the Clean Room Mechanic
placed the parts to be cleaned into a rectangular metal tub situated on a table surface and then
applied FC 113 onto the parts using a spray wand.  The tub was connected via hose to a
drain.   FC 113 was then piped to a filtration system for cleaning and recycling.  If the part to
be cleaned was a long narrow tube, FC 113 was flushed through the tube and collected in
small pan situated on the floor.  The pan was then emptied into one of the metal tubs.
At both facilities, several workers used protective gloves made from natural rubber.  This type
of glove is not considered to provide adequate protection against FC 113 penetration.  Gloves
made from nitrile rubber or neoprene are recommended for such use.2 

  IV. EVALUATION CRITERIA: 1,1,2-Trichloro-1,2,2-trifluoroethane

Environmental Criteria

As a guide to the evaluation of the hazards posed by workplace exposures, NIOSH field staff
employ environmental evaluation criteria for the 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 even though their exposures are
maintained below these levels.  A small percentage may experience adverse health effects
because of individual susceptibility, 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 criterion.  These combined effects are often not 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 environmental evaluation criteria for the workplace are the following:
1) NIOSH Recommended Exposure Limits (RELs), 2) the American Conference of
Governmental Industrial Hygienists' (ACGIH) Threshold Limit Values (TLVs), and 3) the
U.S. Department of Labor, Occupational Safety and Health Administration (OSHA)
Permissible Exposure Limits (PELs).  The OSHA PELs may be required to take into account
the feasibility of controlling exposures in various industries where the agents are used; the
NIOSH RELs, 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 the lowest exposure criteria was used;
however, industry is legally required to meet those levels specified by the 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 limits (STELs) or ceiling values which are intended to supplement the
TWA where there are recognized toxic effects from high short-term exposures.

The current Occupational Safety and Health Administration (OSHA) Permissible Exposure
Limit (PEL) for FC 113 is 1000 ppm as an 8-hour TWA (8-TWA) with a 15-minute short-
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term exposure limit (STEL) of 1250 ppm.3  NIOSH concurs with the current OSHA PEL.4 
However, NIOSH has also determined that 4500 ppm is immediately dangerous to life and
health.  NIOSH considers this substance to have poor warning properties because it is nearly
odorless and its irritant effects are only slight and transient at concentrations near the PEL.1

The current American Conference of Governmental Industrial Hygienists threshold limit value
(TLV) for FC 113 is identical to the PEL for both 8-TWA and STEL.  The TLV is based on
"providing a margin of safety for systemic effects and an adequate margin against cardiac
sensitization".5 

Cardiotoxicity

FC 113 is a colorless, non-combustible liquid with a molecular weight of 197.5 and a specific
gravity of 1.56 at 25oC.  It has a vapor pressure of 284 millimeters of mercury at 20oC.5 
Because of this high vapor pressure at room temperature, FC 113 can produce high ambient
concentrations of vapor during normal use.

To our knowledge, no studies have examined the cardiotoxic effects of FC 113 in humans. 
Animal studies have shown that FC 113 and other fluorocarbons have cardiotoxic effects,6,7

and lethal arrhythmias have been implicated as the cause of sudden death among
occupationally exposed workers1 and aerosol sniffers.8

The occupational sudden death cases involved workers exposed primarily in confined spaces. 
The twelve fatalities were attributed to cardiac arrhythmias or asphyxiation or both.  In two of
the 12 cases, estimates of exposure levels were made.  In one case, exposure was estimated
at 7600 ppm.  Death was attributed to cardiac arrhythmia.  In the other case, exposure was
estimated as high as 300,000 ppm.  For this case, death was attributed to asphyxiation and
pulmonary edema.1   Three human chamber studies have examined the cardiotoxic potential of
fluorocarbons.  Reduced heart rate was associated with 15 to 60 seconds of exposure to FC
11, FC 12, and FC 114 among ten healthy individuals examined by Valic and colleagues.9 
Two of the ten subjects experienced tachycardia and negative T-waves and one subject
developed atrioventricular block at levels reported to be as high as 16,150 ppm.

Among 46 healthy volunteers examined by Stewart, an increase in premature ventricular
contractions occurred after 1 hour of FC 12 exposure at 1,000 ppm in only one subject.  No
other effects were noted.10  In a chamber study conducted by Azar, no ECG disturbances
were observed among 2 volunteers exposed to FC 12 at levels of 1,000 and 10,000 ppm for
2.5 hours.11 

Only a few occupational studies have attempted to examine the relationship between
fluorocarbon exposure and arrhythmias at the work site.12,13  Among six refrigerator
repairmen, a workday involving FC exposure was not clearly associated with an excess in
ectopic beats when compared to workdays without exposure.  Exposures to FC 12 and FC
22 ranged from 170 to 815 ppm for 48 to 150 minutes.

However, in a study of 89 refrigerator repairmen, Edling found that five workers in a high
fluorocarbon exposure category (exposure for 10 or more minutes at greater than 750 ppm,
with instantaneous peaks exceeding 5,000 ppm), had a slightly greater number of ectopic
beats and a greater duration of sinus bradycardia than during periods of no exposure during
the same day among the same individuals.13  Exposed/non-exposed differences for these
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parameters were statistically significant (using a one-tailed signed rank test) only among 14
individuals in the medium-exposure category (exposure between 5 and 10 minutes at greater
than 750 ppm with instantaneous peaks between 3,000 to 5,000 ppm) but not among the 5
individuals in the high exposure category.  Although a variety of fluorocarbons were
represented in the study, the majority of workers were exposed to FC 12 and FC 22.

 The exact mechanisms accounting for the cardiotoxic effects of fluorocarbons are not well
defined.  Animal studies have shown that these compounds depress cardiac output and
contractility, stimulate the release of and cardiac sensitization to epinephrine, and influence the
autonomic nervous system.  All of these mechanisms could precipitate a variety of
dysrhythmias.  Little is known, however, about whether chronic exposure to fluorocarbons
may result in long-term health effects.14

  V. EVALUATION DESIGN AND METHODS

A. Medical

The primary study objective was to determine whether low-level occupational exposure
to FC 113 is related to the occurrence of cardiac dysrhythmias.  The dysrhythmias of
interest include sinus bradycardia, first degree AV block, T-wave abnormalities, and
ventricular and supraventricular premature beats.  The basic study approach was to
compare dysrhythmia data obtained from an exposed group to that obtained from a non-
exposed group.  However, since there is extensive variability in dysrhythmia rates
between individuals, and because the workplace may influence dysrhythmia rates
independent of exposure, we decided to have each person serve as his own control for
this study.

Study participants at each facility were evaluated on one day in the clean room, which
constituted an exposed work day and on one day in the pre-clean room, considered to
be a non-exposed workday.  This strategy was based on data obtained during
preliminary survey which indicated that exposure to FC 113 during pre-clean activities
was minimal.  It should be pointed out, however, that data obtained during this indepth
survey indicated that this assumption was not entirely valid for all members of the study
cohort. Because some individuals received significant exposures in the pre-clean area,
their exposed/non-exposed workday comparisons were removed from the analyses.   

Study Selection Criteria

At both Wiltech and Rothe, all clean room mechanics were asked to participate in the
study.  In addition, mechanics assigned to field cleaning activities with exposure to FC
113 at Wiltech were also asked to participate.  A combined total of 31 individuals
participated in the study.  For 21 of the individuals, Holter measurements and exposure
measurements were obtained on both an exposed and unexposed day.

Dysrhythmia Monitoring

Ambulatory electrocardiographic (ECG) monitoring data were collected simultaneously
on each participant.  We attached an ambulatory ECG Holter monitor (CircaMed
Workstation Holter Recorder) to each study participant prior to the beginning of the
work shift, and removed the ECG monitor at the end of the work shift.  The ECG
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monitor had a timing track and recorded two channels, using 4 leads and one ground
electrode.  We tested the conductance of the electrodes, and calibrated the readings by
checking a data strip obtained on each participant, using a portable office ECG machine.

The ECG tapes were sent to the ECG laboratory at the University of Minnesota,
Division of Epidemiology, where a trained technician reviewed the tapes for ventricular
and supraventricular premature beats, A-V block, T-wave inversion, ST segment
depression, heart rate, and P-R interval length.  The ECG data were provided to us in 15
minute intervals for each person's total period of monitoring.  All questionable readings
were reviewed by a cardiologist.

B. Exposure Measurement

For each individual wearing an ECG monitor, we concurrently measured airborne FC
113 exposures.  The sampling strategy involved collection of a series of sequential
short-term personal exposure samples during the entire work shift using charcoal tubes
and vacuum pumps.  Sampling times in the clean room at both facilities ranged from 14
minutes to 79 minutes, with a median sampling time of 44 minutes at Wiltech and 40
minutes at Rothe.  Longer sampling times were used in the pre-clean areas at each
facility due to the anticipated lower exposures and the resulting need to ensure the
collection of detectable quantities of FC 113 if present. 

These exposure measurements were used in calculating 8-TWA's from consecutive
short-term samples and in characterizing exposures associated with specific cleaning
tasks.  Since clean room employees (i.e. Clean Room Mechanics and Clean Room
Mechanics:  Quality Assurance) left the clean room during break periods, the air
sampler was removed before they went on break and donned prior to their reentry into
the clean room.  The average duration of simultaneous exposure and Holter monitoring
was 7 hours.

For exposure assessment, breathing zone samples were collected by drawing air at a rate
of approximately 50 cubic centimeters per minute through a sampling tube containing
coconut shell charcoal attached to the lapel.   The charcoal tubes were subsequently
analyzed by gas chromatography using NIOSH analytical method 1003.15  

The calculated limit of detection for the FC 113 samples was 0.7 ppm (based on a 2
Liter air sample).  For each sample collected, the worker's job title and primary work
task performed during the measurement period were noted.

To supplement the personal exposure monitoring at both facilities, general work area
levels of FC 113 at selected clean room locations were monitored continuously using a
MIRAN® 1B Infrared Analyzer.  Calibration was performed at the NIOSH laboratory
with FC 113 in the range of 0-2000 ppm; the parameters for this calibration were stored
in the microprocessor.  The MIRAN® 1B was also used as a personal monitor during
the survey at Wiltech.  The sampling head was attached near the lapel of one Clean
Room Mechanic to monitor exposures during performance of sampling and bottle
washing tasks.

Air velocity measurements were also made in the clean rooms using a TSI velometer.  
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C. Additional Data Collection

In addition to the exposure and ECG monitoring, we queried each worker regarding the
timing and amount of smoking, caffeine intake, medication usage, and symptoms of
headache, lightheadedness, palpitations and chest pain during the days that they
participated in the study.  This information was collected prior to the start of the work
shift, after each break, and at the end of the work shift.

D. Statistical Analysis

Environmental 

For each facility, the short-term exposure measurements were used in calculating 8-
TWAs from consecutive samples for each job title.  They were also used in
characterizing exposures associated with the cleaning tasks. The 8-TWA, calculated
over a 480 minute period, assumed a zero exposure for the unsampled unexposed break
periods.

Medical

The dependent variables examined included the number of ventricular premature beats
(VPB's) and supraventricular premature beats (SVPB's) per 1,000 heart beats, and
changes in the P-R interval and heart rate.

Exposed Day versus Non-exposed Day Analyses
 

To determine whether there were greater rates of VPB's and SVBP's on exposed
workdays relative to a comparable low- or non-exposed workdays, a nonparametric
(signed rank) test was used to compare the mean difference in the rate of each outcome
between the two days.  Parametric (paired T-tests) were used to compare the mean  P-
R interval and heart rate between exposed and non-exposed workdays.

Because some workers had greater exposures than other workers, we examined
whether the magnitude of the change in exposure between low- and high-exposed
workdays was related to greater changes in the dependent variables.  We compared the
change in the rate of VPB's and SVPB's relative to the change in the full-shift TWA
exposure using Spearman's rank correlation coefficient.  We used linear regression
analysis to examine the relationship of the change in the full-shift TWA exposure with the
change in P-R interval and heart rate.

Peak Short-Term Exposure Analysis

There is no optimal statistical procedure for examining whether fluctuating short-term
exposures are related to dysrhythmias.  To examine this question for VPB's and SVPB's,
Spearman's rank correlation coefficients for each individual who had these events were
calculated.

For heart rate and the P-R interval, linear regression analysis was used to examine the
association between outcome and exposure during the day.  This technique is
comparable to that presented by Rosner and colleagues.16  These models included the
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worker term, classified as a categorical variable; the exposure term, classified as a
continuous variable; and a worker by exposure interaction term.

Since ECG data were recorded in 15-minute intervals, the short-term exposure related
to the corresponding 15-minute ECG data was used for the aforementioned analyses. 
Because of the possibility of a lag-time in an exposure-related effect, we also examined
the relationship between the effect and the short-term exposure which occurred in the
15-minute interval prior to the ECG data.  However, because the median sampling time
for the short-term samples was 44 minutes, the analysis based on a 15 minute lag time in
an exposure related effect was similar to that based on concurrent exposure effects.
Analyses of exposure related effects for longer lag times was considered.  However, the
overall occurrence of few ECG events combined with the range of sampling times (most
of which were longer than 15 minutes) resulted in a decision to restrict the analyses to
just the 15 minute interval prior to the recorded effect.      

  VI. RESULTS

Environmental

For Wiltech, Table 1 provides the raw data for each sample collected.  Tables 2, 2a, 3, and
3a provide the statistical summaries of the data for the first and second shifts for 8-TWA and
task exposures respectively.  For Rothe, Table 4 provides the raw data; Tables 5 and 6
provide the statistical summaries for 8-TWA and task exposures, respectively.  Table 7
compares 8-TWA data by area between Wiltech and Rothe.

It should be reemphasized that descriptive statistical data for each task may not be totally
exclusive for that task since other tasks may have been performed during the sampling period. 
As indicated previously in EVALUATION DESIGN AND METHODS, Exposure
Measurement section, the primary task reported by the worker during the sampling period
was recorded.  Nevertheless, the data reported for each task are considered to be a
reasonably good indicator of the exposure experienced for that task. 

Wiltech

Over the 5 day study period at Wiltech, 174 personal measurements were obtained:  158 on
the first shift, 16 on the second shift.  Table 1 data indicate that all individual 8-TWAs were
below the OSHA PEL for FC 113 and the NIOSH REL of 1000 ppm.  Table 2 and 2a show
first and second shift 8-TWA data for the job titles.  For the first shift in the clean room, Table
2 shows that of the two job titles assigned, the Clean Room Mechanic had the higher
8-TWA mean exposure--290 ppm.  Of the two job titles assigned to the pre-clean room, the
Pre-Clean Mechanic had the higher 8-TWA mean exposure--115 ppm.

Comparing data between Tables 2 and 2a, it is clear that exposures were lower on second
shift than on the first shift.  This can be attributed to the decreased clean room and pre-clean
room activity with a resulting lower number of FC 113 exposure occasions.

Table 3 indicates that in the clean room, the sampling task had the highest mean short-term
exposure--497 ppm.  Table 3a shows that exposures for the sampling task in the clean room
were lower during the second shift.  The highest single measurement of 1080 ppm was
measured during an assembly task.  The worker assembled parts at a table that was in close
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proximity to the FC 113 sinks where the parts were flushed (sampling).  The horizontal air
flow carries FC 113 vapors away from the sinks and across the table near the breathing zone
of the worker. 

In the pre-clean area, the cleaning task, associated with use of the FC 113 vapor degreaser,
had a mean exposure 153 ppm  [range:  86 ppm to 472 ppm].   The maximum exposure for
this task seemed high considering that the degreaser was the only exposure source and that
there was natural ventilation in the pre-clean area.  One possibility may be that the vapor
degreaser was not effectively containing the vapors.  This may have been due to the
occurrence of air drafts over the top of the degreaser, or removal of parts from the degreaser
too rapidly.  Both of these actions may have lead to disturbance of the vapor-air interface thus
leading to diffusion of FC 113 from the tank.

The 8-TWA for the Field Clean Mechanic was only 129 ppm.  However, exposures
appear to be highly variable.  One of two short-term levels measured for the sampling task
was 3316 ppm; the other was 212 ppm; a third measurement during a flow-cleaning task
was 11 ppm.  The highest concentration was measured during FC 113 sampling of a large
hose and can be attributed to the proximity of the worker's breathing zone to the point at
which the FC 113 exited the hose. It seems clear that there is much variation in task exposure
for this job classification, leading to variation in 8-TWA exposure. 

A plan view of the clean room depicting MIRAN® 1B sampling locations and air velocity
measurements is shown in Figure 1.  Figures 2-4 show continuous monitoring results.  For the
area monitoring results, peak concentrations measured were 500 ppm (Figure 2) and 800
ppm (Figure 3).  

Concentrations measured during personal monitoring with the MIRAN® 1B are shown in
Figure 4.  Data were collected directly in front of sink No. 3 (see Figure 1).  Of note is the
1600 ppm "spike" measured during sampling.  As expected, significant concentrations (1600
ppm; 1900 ppm) exist directly above the sink edge.   The fluctuation in continuous monitoring
data seemed to reflect the occurrence of the FC 113 sampling activity.  After a short "lag",
area concentrations would increase during performance of the task and then recede (following
a short "lag") upon completion of the task.  Figures 2 through 4 show increasing
concentrations as one moves closer to the sink.  8-TWA exposures would also be higher for
those individuals who work closer to the sink area. 

During the MIRAN® 1B monitoring, we noticed the practice of several Clean Room
Mechanics standing directly in front of the sink during the sampling task.  Consequently, the
air flow carrying FC 113 vapors was diverted by the torso into the breathing zone, resulting in
a peak exposure.  Modification of this work practice, whereby the workers would stand to
one side of the sink during the task, should reduce peak FC 113 exposures.

Air velocity measurements obtained at various locations in the clean room ranged from 40-
140 feet per minute (fpm).  The 40 fpm reading at the sink edge was measured with a flow
diverter in place at the rear of the sink.  The diverter was installed to reduce the air flow
directly over the sinks, thus reducing the entrainment of FC 113 vapors from the sink.  The
diverter seemed to have an effect on the velocity over the sink, since air flow increased to 85
fpm above the horizontal plane of the diverter.   
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Rothe

Over the 2 day study period at Rothe, 92 personal samples were obtained.  Table 4 shows
that all individual 8-hour TWAs were below the OSHA PEL of and the NIOSH REL of 1000
parts per million (ppm).  However, one 8-TWA, 935 ppm for a Clean Room Mechanic,
was very near the OSHA PEL.  The TWA concentration, 1476 ppm, which assumed no
exposure during the unsampled during break periods, exceeded the OSHA PEL and NIOSH
REL of 1000 ppm.  The individual's height was shorter than average and resulted in the
breathing zone being closer to the point of FC 113 application.  Exposure potential was
further enhanced due to the aerosolization of the FC 113, which has the effect of greatly
increasing the liquid surface area available for vaporization.

The relatively high 8-TWA is reflected in the high short-term sample results for this individual. 
In particular, FC 113 concentrations of 2522 (13 minute sample period), 2732 (29 minute
sample period), 3010 (59 minute sample period), and 3380 ppm (38 minute sample period)
were measured.  The aforementioned exposures relate to the sampling task performed on the
first day of the study.  Based on a 15 minute sampling period, the first of the aforementioned
concentrations would exceed the STEL, even assuming a 0 ppm exposure for the final 2
minutes of the 15 minute period.  The latter three concentrations are of such magnitude that
the STEL was probably exceeded during at least one 15 minute period during the respective
sampling periods.

For another individual also performing the sampling task, short-term exposures were 1471
and 1451 ppm.  The 8-TWA for this individual was 298 ppm.  This individual's breathing zone
was not as close to the point of application as that of the individual who had the exposures. 
This finding would suggest that proximity of the breathing zone to the application point is not
the only factor influencing the occurrence of high short-term exposure.  Variation in amount of
FC 113 sprayed onto the parts by the Clean Room Mechanics may also be a factor.

  
Table 5 shows that for the two jobs assigned to the clean room, the Clean Room Mechanic
job title had the higher mean 8-TWA exposure--289 ppm.  Of the two jobs assigned to the
pre-clean room, the Pre-Clean Mechanic had the higher mean 8-TWA--30 ppm).

Table 6 shows that in the clean room, the sampling task had the highest mean short-term
exposure--1144 ppm.  Besides this task, short term FC 113 exposures greater than 1250
ppm (the current OSHA STEL and NIOSH REL) were also measured during the inspection
task performed by the Clean Room Mechanic:  Quality Assurance.  Of the two tasks
measured in the pre-clean room, the cleaning task had the higher mean exposure of 40 ppm
[range:  1 ppm to 550 ppm].  As was the case at Wiltech, the maximum exposure for this task
seemed high since the degreaser was the only exposure source in the pre-clean area.  One
possibility may be that the vapor degreaser was not effectively containing the vapors.  

A plan view of the vertical laminar flow clean room depicting the MIRAN® 1B measurement
location and air velocity measurements is shown in Figure 5.  Figure 6 illustrates the
continuous monitoring results.  MIRAN® 1B personal monitoring was carried out during a
sampling activity at the beginning of the shift; area measurements at various clean room
locations were carried out during the remainder of the shift.

During the sampling activity, a peak of 1200 ppm was measured.  The breathing zone of the
individual monitored during the task was well above the point of FC 113 application.  The
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peak at the end of the day (1000 ppm) resulted when some FC 113 leaked from a connection
in a drain pipe thus increasing the concentration.  This did not appear to constitute a prevailing
condition, since the leak did not occur during the previous day of the study.  

Air velocity measurements obtained at various locations in the vertical air flow clean room
ranged from 95-130 feet per minute (fpm) in open areas.  Of note was the noticeable
reduction of air movement at points just above the table surfaces.  Velocities of 35 fpm and 50
fpm (with some turbulence) were measured.  The lower velocity was measured at one of the
tables where FC 113 sampling was performed.  The lower air velocity can lead to reduction
of FC 113 vapor removal from the breathing zone area.  

Wiltech/Rothe Comparison of 8-TWA

Table 7 shows that viewing clean room workers as a group, 8-TWA exposures on the first
shift at Wiltech ranged from 151 ppm to 439 ppm with a mean of 274 ppm; at Rothe,
exposures ranged from 70 to 935 ppm with a mean of 271 ppm.  Among pre-clean workers,
8-TWA exposures at Wiltech ranged from 49 ppm to 186 ppm with a mean of 110 ppm.  At
Rothe, exposures ranged from 2 ppm to 103 ppm with a mean of 25 ppm.

Medical

Thirty-one workers, representing 89% of the eligible (i.e exposed) workers, participated in
the study (Table 8).  All 31 workers were monitored on an exposed day, and 21 workers
were eligible and volunteered to be monitored on a low- exposed or non-exposed workday. 
The average age of the study group was 40.8 years, and the average length of employment
was 8.1 years (Table 9).

Exposed versus Non-exposed Workers Comparison Analysis

Five of the 21 workers monitored on both exposed and low/non-exposed workdays were
excluded from the analyses, because exposure monitoring found only small differences (< 100
ppm) in the time-weighted average FC 113 exposure levels between the 2 days.  Differences
in exposure levels between the two days were minimal for three workers because the clean
room was shut down during monitoring for most of their shift, for one worker because job
duties in the clean room did not involve significant exposures, and for another worker because
work in the precleaning area was associated with FC 113 levels comparable to that of the
clean room.  The latter may have been due to an operational deficiency of the vapor degreaser
located in the precleaning area or to undocumented movement into the clean room. 

Among the remaining 16 individuals examined on an exposed and non-exposed day, the mean
full-shift time-weighted-average (TWA) exposure (not including break periods) was 442.1
ppm during the exposed day and 64.4 ppm during the low exposed day (p<.001).  The
highest full-shift TWA exposure was 1,476 ppm on the exposed day (Table 10).  When the
8-TWAs were calculated, which factored in the non exposed break periods, the mean 8-
TWA was 273 ppm, and the highest 8-TWA was 935 ppm.  Thus, this population of workers
had an 8-hour TWA exposure level within the OSHA PEL and NIOSH REL of 1000 ppm. 

Smoking and caffeine intake among the 16 workers were comparable on the exposed and low
exposed/non-exposed workdays: mean of the paired difference was -1.5 for the number of
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cigarettes smoked, and -0.5 for the number of caffeine drinks consumed.  The differences
between the two groups for both attributes were not statistically significant (p > .05).

The non-parametric analysis in Table 11 shows that the mean of the paired differences
between exposed and low exposed/non-exposed days in VPB's per 1000 heart beats was -
0.15 (p=.20); for SVPB's the mean of the paired difference was 0.03 (p=.66).  The
Spearman rank correlation coefficients that were calculated for the rate of VPB's (r=.17,
p=.52) and SVPB's (r=.31, p=.23) showed no significant dose-response effect.

For the parametric analysis, Table 12 shows no effect of exposure on heart rate (mean
difference=-3.13, p=.14) or the length of the P-R interval (mean difference=-0.0006, p=.75). 
Linear regression coefficients calculated for heart rate (Beta=-0.002, p=.82) and P-R interval
(Beta=-0.000004, p=.51) showed no dose-response effect.

It should be noted that one individual had an episode of sinus rhythm bradycardia on the
exposed day only.  But, another worker with S-T segment depression had similar ECG
patterns on both the exposed and non-exposed workdays.  There were no occurrences of
A-V block or T-wave inversion on either of the two days among the study participants.  

Short-Term Exposure Analysis

Among the 31 individuals examined on an exposed day, the short-term exposures ranged from
154 to 3,380 ppm, with a mean level of 749.9 ppm (standard deviation = 579.0).  Overall,
we saw no discernable effect of short-term exposures on heart rate, the length of the P-R
interval, or the number of  VPB's or SVPB's.  The analyses suggested, however, that
exposures may have been related to variation in heart rate in two individuals, but the effect
was inconsistent.  One had a positive association (i.e. increasing exposures were related to
increasing heart rates); one had a negative association (i.e. increasing exposures were related
to a decreasing heart rate).

The Spearman's rank correlation coefficients and their corresponding 95% confidence
intervals for VPB's for each of the 11 persons who had events are depicted in Figure 7. 
Because the short-term exposure level was different for each participant, the Spearman's rank
correlation coefficients are plotted by each individual's peak short-term exposure level.  The
Spearman's rank correlation coefficients ranged from -.12 to .30.

Most confidence intervals were wide and included zero.  A correlation of zero means that
there is no relationship between fluctuating exposures and the number of ECG events.  Also,
there was no upward trend in the value of the coefficients with increasing peak short-term
exposure (Figure 7).

All participants that had positive correlation coefficients had very few VPB's.  Examples of
two participants with positive correlation coefficients are depicted in Figures 8 and 9.  In
contrast, Figure 10 depicts an individual with excessive numbers of VPB's which occurred
throughout the day regardless of exposure levels.
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VII. DISCUSSION 

Environmental

At both facilities, mean 8-TWAs for the exposed job titles in the clean room seem remarkably
similar despite the different laminar air flow arrangement and different method of FC 113
application.  At Wiltech, which employs a horizontal flow arrangement, the Clean Room
Mechanic mean 8-TWA exposure was 290 ppm; at Rothe, which uses a vertical flow
arrangement, the mean 8-TWA was 254 ppm.  For the Quality Assurance Mechanics,  8-
TWA exposure was 254 ppm for the former, 213 ppm for the latter.  This may be the
consequence of similar percentages of recirculated air at both facilities.  Increase in the
percentage of fresh air brought into the clean room should reduce the 8-TWA.

The 8-TWA concentrations in the clean rooms are a function of concentrations generated
during the sampling task.  The continuous monitoring data obtained at Wiltech indicated that
FC 113 concentrations increase as one moves closer to the sink where this task is performed. 
This would suggest that as concentrations are lowered for the sampling activity, job title
exposures elsewhere in the clean room would be reduced in tandem.

Short-term exposures were higher in the vertical air flow arrangement (Rothe) than for the
horizontal air flow arrangement (Wiltech).  This would suggest that, in general, the horizontal
flow scheme is more effective at removing FC 113 vapors from the breathing zone than is the
vertical scheme.  This observation must be qualified to the extent that the sampling task in the
vertical air flow scheme used a FC 113 spray process, which involves a higher degree of
aerosolization than the dip process used in the horizontal flow scheme (Wiltech).  

Medical

Overall, an exposed workday was not associated with a greater number of dysrhythmic events
than a comparable non-exposed workday in this population.  Although a few individuals may
have had a tendency to have a few VPB's during periods of high exposure, overall we
observed no discernable effect of peak short-term exposures on the ECG parameters
examined.

One strength of this study is that the same workers were evaluated on comparable exposed
and low exposed/non-exposed days.  Caffeine intake, tobacco usage, and the physical activity
level during work in the exposed and low exposed/non-exposed areas were very similar. 
Another strength of the study is that we had sufficient power to detect small differences
because of the small within subject variance in the ECG data.  For example, we had 80%
power to detect a 0.34 difference in VPB rates and a 0.10 difference in SVPB rates between
the exposed and the low exposed/non-exposed days with 95% confidence. 

A number of study constraints, however, limit the ability to generalize from these results to
other populations of workers.  Because there may be differences in susceptibility to FC113
among individuals, a sample of 31 workers may not have been sufficiently large to detect an
exposure effect.  Also, because fluorocarbons are thought to sensitize the heart to
epinephrine11, this study's negative findings based on sedentary workers may not be
generalizable to workers engaged in more physically demanding work.  High exposures in this
population of workers occurred while the workers were standing at the sinks, dipping, or
spraying the parts with FC 113, which required minimal physical effort.
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Another limitation of the study is that a cross-sectional study design was used.  Therefore,
workers who felt affected by FC 113 while working in the clean room may have selected out
of the exposed area and would not have been available for recruitment for our study.  Also,
healthy individuals were selected for the cleaning and precleaning work through mandatory
pre-employment physical examinations at Facility B, and periodic physical examinations at
both facilities.  While medical records are available on all employees, we have no information
on the proportion of job applicants who were ineligible for employment on the basis of
preexisting heart conditions.

Another study constraint was that we only observed each participant on one exposed day. 
Given that many of the ECG events were relatively rare in this group of healthy workers, and
that the magnitude of exposures may vary from day to day, additional days of observation
would have been advantageous.  However, additional days of monitoring would have been
logistically difficult.  The exposure and ECG monitoring was labor intensive and disruptive to
the work environment.  Also, because the clean rooms had quotas on the number of
individuals allowed in the room, the number of workers monitored was limited by the number
of NIOSH industrial hygienists allowed into the room to change the sampling tubes. 

VIII. CONCLUSIONS

The study results suggest that the observed levels of FC 113 exposures do not induce cardiac
dysrhythmias or subtle changes in cardiac activity in this sample of workers.  However, the
generalizability of the results to workers with different working conditions, host susceptibilities,
or greater FC 113 exposures is limited. 

Exposure data indicated that all individual 8-TWA exposures were below the OSHA PEL
and NIOSH REL of 1000 parts per million (ppm).  It is likely that several short-term
exposure measurements obtained at Rothe appeared to exceed the OSHA STEL and
NIOSH REL of 1250 ppm; one measurement at Wiltech appeared to exceed the OSHA
STEL and NIOSH REL.  For these exposure scenarios, this appeared to be due to the close
proximity of the breathing zone to the point of FC 113 application.  

      
Of all the work tasks evaluated, the sampling task appeared to be the one giving rise to the
highest short term exposure.  In general, the data seem consistent with FC 113 exposure
potential for the task and job title.

Despite the difference in laminar air flow arrangement, 8-TWA exposures in the clean rooms
of both facilities were remarkably similar.
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  IX. RECOMMENDATIONS

On the basis of measurements and observations made during this study, the following
recommendations should be considered by the NASA contractors in reducing exposure:

1) Both facilities should perform monitoring of the FC 113 sampling task.  Exposure
remediation measures should be implemented if the OSHA PEL and NIOSH REL is
found to be exceeded.  

2) Wiltech Clean Room Mechanics performing assembly tasks should work at the
opposite end of the clean room from the FC 113 sinks.  This would likely lead to a
reduction of short-term exposures since the FC 113-laden air would become more
diluted before reaching the worker's breathing zone.

3) Wiltech Field Clean Mechanics performing sampling tasks should position themselves
in such a fashion that wind induced air flow is allowed to flow across the area of
application.  This will help pull FC 113 vapors away from the breathing zone.     

4) Both facilities should evaluate the technical feasibility of the use of gloves made from
nitrile rubber or neoprene as hand protection when working with FC 113.  The gloves in
use at the time of the survey at both facilities were made from natural rubber.  This type
of glove is not considered to provide adequate protection against FC 113 penetration.

5) Both facilities should evaluate the feasibility of increasing the percentage of fresh air
brought into the clean room.  An increase in percentage should reduce 8-TWAs for
clean room workers.

6) Wiltech Clean Room Mechanics performing the sampling task should stand to one
side of the sink during the task.  This allows the horizontal air flow to carry the FC 113
vapors away from the worker's breathing zone thus reducing short-term exposure. 
(During the survey, several of the mechanics would stand directly in front of sink during
the task.  This resulted in the air flow carrying FC 113 vapors into the breathing zone).

7) Both facilities should examine the functioning of the vapor degreaser in the pre-clean area
to determine if FC 113 vapors are escaping from the tank.  In particular, the existence of
cross drafts in the area of the degreaser and the practice of removing parts from the
degreaser too rapidly should be investigated.  The recommended withdrawal speed is 5-
10 feet/minute.17

8) As an alternative to spraying components with FC 113, Rothe should evaluate the
feasibility of the use of a vapor degreaser in the clean room for low-level production
cleaning of components.  This would result in less FC 113 becoming aerosolized.
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XII. DISTRIBUTION AND AVAILABILITY OF REPORT

Copies of this report may be freely reproduced and are not copyrighted.  Single copies of this
report will be available for a period of 90 days from the date of this report from the NIOSH
Publications Office, 4676 Columbia Parkway, Cincinnati, Ohio 45226.  To expedite your
request, include a self-address mailing label along with your written request.  After this time,
copies may be purchased from the National Technical Information Service, 5285 Port Royal
Road, Springfield, VA 22161.  Information regarding the NTIS stock number may be
obtained from the NIOSH Publications Office at the Cincinnati address.

Copies of this report have been sent to:

1. Wiltech of Florida, Kennedy Space Center (KSC), Florida
2. Rothe Development, Inc., Johnson Space Center, Houston, Texas
3. International Association of Machinists and Allied Workers (IAMAW) Local 2061,

KSC, Florida
4. IAMAW, District 37, JSC, Houston, Texas
5. Occupational Safety and Health Administration (OSHA), Region VI, Dallas, Texas
6. OSHA, Region IV, Atlanta, Georgia
7. Florida Department of Health and Rehabilitative Services, Tallahassee, Florida
8. Texas Department of Health, Austin, Texas.

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