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PREFACE

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field
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 and authorized representative of employees, to
determine whether any substance normally found in the place of employment has
potentially toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, and industrial hygiene technical and consultative
assistance (TA) to Federal, State, and 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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SUMMARY

In March 1993, the National Institute for Occupational Safety and Health (NIOSH)
received a request for a health hazard evaluation (HHE) from the Philips Display
Components Company, Ottawa, Ohio. The request concerned ongoing problems
such as sore throats, hoarseness, and laryngitis experienced by employees while
working in the Aluminizing Department, an area where a thin layer of aluminum is
coated to the interior of cathode ray tubes (CRTs).

On July 20-21, 1993, interviews were held with eight Aluminizing Department
employees and symptom questionnaires were distributed to 35 first shift
employees and 24 second shift employees asking if the worker had experienced
symptoms such as eye, nose, or throat irritation, nasal congestion, or headaches.
Personal breathing-zone (PBZ) and area air samples were collected in the
Aluminizing Department, the Lacquer Room, and outside the plant. These samples
waeare analyzed for inorganic acids (hydrofluoric, nitric, sutfuric, phosphoric,
hydroflueric, and hydrochloric acids) and aluminum, tungsten, and 29 other
metals and minerals. Qualitative air samples to identify volatile organic
compounds {(VOCs) were also collected. Based on estimated amounts of each
compound, which ones appeared consistently, and the analytical methods
available, six compounds were selected to be quantified. These included acetone,
trichloroethylene, n-hexane, toluene, isoamyl acetate, and n-amy! acetate.

Commonly reported symptoms included dry throat and hoarseness, frequent
headaches, eye irritation, nasal congestion, and severe fatigue at work.

The differences in symptom prevalence between the first shift (where the

~ problem was perceived) and second shift were not statistically significant.

The prevalences of symptoms among Aluminizing Department workers were
generally elevated when compared with Lacquer Room workers, who were
physically separated from the Aluminizing Department employees. In addition,
54% of the first shift participants, and 71% of the second shift workers, perceived
working conditions as too hot. A total of 46% of the first shift employees and
71% of the second shift workers complained of too little air movement.

The results from the PBZ and general area air sampling did not identify any
substances which exceeded occupational exposure criteria established by NIOSH,
the Occupational Safety and Health Administration {OSHA), or the American
Conference of Governmental Industrial Hygienists {ACGIH). A time-weighted
average (TWA) concentration of Q.13 parts per million (ppm) of hydrochloric

acid (HCI) was measured in the Aluminizing Department at the load end of



Carousel #2. While this concentration is below applicable NIOSH, OSHA,

and ACG!H exposure criteria, studies have suggested that exposure to HCI below
the threshold for taste or eye irritation can still induce sneezing, hoarseness,

chest pain, a feeling of suffocation, and lung function impairment. Along with

air sampling for the above substances, comfort indicators (temperature and

relative humidity) were measured in the Aluminizing Department on July 21, 1993.
Temperature and relative humidity levels in this department ranged from 73 to 75°F
and 47 to 49%, respectively. These levels are within the comfort range
recommended by the American Society of Heating, Refrigerating, and Air-
Conditioning Engineers {ASHRAE) for thermal comfort.

NIOSH investigators determined that a health hazard did not exist in the
Aluminizing Department during this investigation. While it is unlikely that
chronic exposure to the low levels of HCI measured at the load end of
Carouse!l #2 (0.13 ppm, TWA) will cause any significant health effects, it is
possible this concentration may elicit irritative symptoms in some of the more
sensitive workers. A recommendation has been made for the company to
conduct additional sampling in an attempt to identify the source of the

HC1 which is entering the Aluminizing Department.

Keywords: SIC 3671 (Electron Tubes), IEQ, IAQ, aluminum, tungsten, television
tubes, electronics, hydrochloric acid, temperature, humidity
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INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH) received a
heatlth hazard evaluation (HHE) request from management at the Philips Display
Components Company, Ottawa, Ohio, concerning health problems among

some workers in the Aluminizing Department. Approximately 10-12 employees
had reportedly experienced sore throats and hoarseness. Some of these workers,
who had subsequently transferred out of this department, had seen their
symptoms subside.

Prior to this NIOSH evaluation, the Aluminizing Department had been evaluated
by Philips health, safety, and engineering personnel, by the company’s insurance
carrier, and by an outside bioaerosol consultant. No definitive findings, except
carbon dioxide (CO,) levels above 1000 parts per million (ppm}, had been
documented. Carbon dioxide levels are often used to evaluate the adequacy of
ventilation systems in non-industrial work settings. Levels above 1,000 ppm

(in the absence of CO, sources) suggest that an insufficient amount of outside air
is being introduced into the occupied space. However, severa! factors, including
a large work space and high ceilings, along with potential CO, sources (such as
forklifts) and a low worker density, make CO, levels an unreliable indicator of
ventilation adequacy in the Aluminizing Department.

BACKGROUND

The Philips Display Components Company employs approximately 1800 persons
over three shifts in the manufacture of cathode ray tubes (CRTs). The original
plant, constructed in 1947, has been expanded over the years to increase
production capacity or to add new product lines. Currently this facility produces
approximately 15,000 CRTs per day in a variety of sizes. The focus of this

- NIOSH HHE was the Aluminizing Department. Approximately 100 people work
over three shifts in this department.

Aluminizing Department

During thd manufacture of CRTs, a thin layer of aluminum is coated to the interior
of the glass tube. As the CRTs trave! along a continuous, overhead conveyor/rack
system, small aluminum pellets are manually placed inside the tube along with a
coiled tungsten heating element.* The aluminum coating process is achieved by

At this manufacturing stage, the front "screen™ section and the rear *neck”
sections of the CRT have not been permanently joined. This permits easy
access to the interior of the tube assembly.
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creating an environment similar to what occurs inside a tungsten-filament light
bulb. Moving along either of two oval-shaped carousel lines (these lines are
designated as either the "large™ or "small” carousel line based on the tube sizes
which are conveyed), a high vacuum is drawn inside the CRT. The CRT assembly
is then heated to vaporize the aluminum pellets and coat the interior of the tube.
After coating, the CRT is opened and the tungsten heating coil is removed.

The tungsten coil, which also acts as a catalyst in this coating process, can be
used approximately 20 times before needing replacement. A diagram of the
Aluminizing Department is shown in Figure 1.

Prior to this survey, company personnel determmined that the Aluminizing
Department is under a slight negative pressure in relation to adjacent CRT
manufacturing operations such as the Lacquer Room, Reclaim/Panel Prep,

and Mask Prep. Some of the chemicals used in these surrounding areas include
toluene, acetone, hydrofluoric acid {HF), caustic soda (NaOH), and calcium silicate.
While the entrances to the Aluminizing Department are sealed with doors or plastic
strip curtains, an open conveyor tunnel connects the Aluminizing Department with
the Reclaim/Panel Prep area. Some of the Aluminizing Department workers :
suspected that airborne contaminants (such as NaOH and HF) were migrating from
the Reclaim/Panel Prep area through this tunnel.

Air sampling had been conducted by Philips personnel in the Aluminizing
Department prior to this NIOSH evaluation for caustic soda, HF, aluminum, oil mist,
volatile organic compounds (VOCs), and tungsten. Levels of these substances,
however, were low and substantially below their respective occupational exposure

EVALUATION METHODS
- Medical Evaluation

During the site visit on July 20-21, 1993, interviews were held with

eight employees, including all five workers who operated the "small® carousel,
and three workers who were assigned to the "large™ carousel. Symptom
questlonnalres were distributed to 35 first shift employees and 24 second shift
employees working in the Aluminizing Department. The questionnaire asked if the
employee had experienced, while at work on the day of the survey, any of several
symptoms (irritation, nasal congestion, headaches, etc.). The questionnaire also
asked about the frequency of these symptoms while at work in the building during
the four weeks preceding the survey, and whether these symptoms tended to get
worse, stay the same, or get better when they were away from work. The final
section of the questionnaire asked about environmental comfort (too hot, too cold,
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unusual odors, etc.) experienced while the employees were working in the building
during the four weeks preceding the questionnaire administration.

For further analysis, NIOSH investigators compared responses from seven workers
on each shift who worked in the adjacent Lacquer Room. These workers were
physically separated from the Aluminizing Department employees, and thus served
as an "unexposed™ comparison population. Results from the symptom
questionnaires were then assessed to see if the responses from either the first- or
second-shift Aluminizing Department workers differed from those of Lacquer Room
workers {from both shifts combined).

Environmental Evaluation

Personal breathing-zone (PBZ) and general area air samples were collected on

July 21, 1993, in the Aluminizing Department, the Lacquer Room, and outside the
plant. A scan for inorganic acids, including HF, nitric, sulfuric, phosphoric,
hydrobromic, and hydrochloric acids was conducted. Air samples were analyzed
for aluminum, tungsten, and 29 other metals and minerals. Qualitative samples
to identify any VOCs present were collected using extremely sensitive thermal
desorption (TD) tubes. Based on the estimated amounts of each compound,
which ones appeared consistently, and the analytical methods available for
quantitation, six compounds were selected to be quantified. These included
acetone, trichloroethylene, n-hexane, toluene, isoamyl acetate, and n-amyl acetate.
Table 1 summarizes the air sampling techniques and analytical methods used in
this evaluation. Temperature and relative humidity measurements were also made
to evaluate employee thermal comfort.

EVALUATION CRITERIA

- As a guide to the evaluation of the hazards posed by work place exposures,
NIOSH field staff employ evaluation criteria for the assessment of a number of
chemical (and physical) agents. The primary sources of environmental evaluation
criteria for the work place are the following: (1) NIOSH Criteria Documents and
Recommended Exposure Limits (RELs), {2) the U.S. Department of Labor,
Occupatiofial Safety and Health Administration (OSHA) Permissible Exposure
Limits (PELs), and (3) the American Conference of Governmental Industrial
Hygienists" (ACGIH) Threshold Limit Values® {TLVs)."%* The objective of these
criteria for chemical agents is to establish levels of inhalation exposure to which
the vast majority of workers may be exposed without experiencing adverse health
effects.

Full-shift and shorter duration inhalation criteria are available depending on the
specific physiologic properties of the chemical substance. Full-shift limits are
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based on the time-weighted average (TWA) airborme concentration of a substance
that most workers may be repeatedly exposed to during a normal eight or 10-hour
day, up to 40 hours per week for a working lifetime, without adverse effect.
Some substances have recommended short-term exposure limits {STELs) or

- ceiling limits which are intended to supplement the full shift criteria where there
are recognized irritative or toxic effects from brief exposures to high airborne
concentrations. STELs are based on TWA concentrations over 15 minute time
periods, whereas ceiling limits are concentrations which should not be exceeded
even momentarily.

Occupational heatth criteria are established based on the available scientific
information provided by industrial experience, animal or human experimental data,
or epidemiologic studies. Differences between the NIOSH RELs, OSHA PELs,

and ACGIH TLVs may exist because of different philosophies and interpretations of
technical information. It should be noted that RELs and TLVs are guidelines,
whereas PELs are standards which are legally enforceable. OSHA PELs are
required to take into account the technical and economical feasibility of controlling
aexposures in various industries where the agents are present. The NIOSH RELs are
primarily based upon the prevention of occupational disease without assessing the
economic feasibility of the affected industries and as such tend to be conservative.
A Court of Appeals decision vacated the OSHA 1989 Air Contaminants Standard in
AFL-CIO v OSHA, 965F.2d 962 {11th cir., 1992); and OSHA is now enforcing the
previous 1971 standards (listed as Transitional Limits in 29 CFR 1910.1000,

Table Z-1-A).2 However, some states which have OSHA-approved State Plans will
continue to enforce the more protective 1989 limits. NIOSH encourages
employers to use the 1989 limits or the RELs, whichever are lower.

It is important to note that not all workers will be protected from adverse health
effects if their exposures are maintained below these occupational health exposure
~ criteria. A small percentage may experience adverse heatth effects because of
individual susceptibility, a pre-existing medical condition, previous exposures,
and/or a hypersensitivity (allergy). In addition, some hazardous substances may
act in combination with other work place exposures, or with medications or
personal habits of the worker {such as smoking, etc.) to produce health effects
even if the occupational exposures are controlled to the limit set by the evaluation
criterion. These combined effects are often not considered by the chemical
specific evaluation criteria. Furthermore, many substances are appreciably
absorbed by direct contact with the skin and thus potentially increase the overall
exposure and biologic response beyond that expected from inhalation alone.
Finally, evaluation criteria may change over time as new information on the toxic
effects of an agent become available. Because of these reasons, it is prudent for
an employer to maintain worker exposures well below established occupational
heatth criteria.
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RESULTS
Medical

Interviews were conducted with eight employees. Several of the interviewed
workers reported experiencing health symptoms while in the building.

Commonly reported symptoms included dry throat and hoarseness that progressed
throughout the work week, frequent headaches, eye irritation, nasal congestion,
and severe fatigue at work. In addition, employees reported that they frequently
worked in an environment that was too hot.

During the site visit, questionnaires were collected from 35 (79% response rate)
first shift and 24 (75% response rate) second shift workers in the Aluminizing
Departtment. Among first shift employees, five currently smoked cigarettes,
eight were former smokers, and 21 had never smoked. Among second shift
workers, five currently smoked cigarettes, five were former smokers, and 14 had
never smoked cigarettes. First shift respondents had worked in the building for an
average of 16.2 years and worked an average of 43 hours per week
(range 40-65 hours). Second shift workers had considerably less seniority than
their first shift counterparts. Second shift respondents had worked in the
building for an average of 8.5 years, and worked an average of 43 hours per week
(range 40-60 hours).

The questionnaire results are shown in Table 2A. The first column of Table 2A
shows the percentage of first shift respondents who reported the occurrence of
symptoms while at work on the day of the survey. Table 2B shows the same
report of symptoms from the second shift. Sore or dry throat, unusual fatigue,
nasal congestion, and headache are the most commonly reported symptoms.
The symptom prevalences among the two shifts were generally similar and the

- few differences were not statistically significant.

The second column of Tables 2A and 2B shows the percentage of employees who
-reported experiencing the respective symptom once a week or more often while at
work during the four weeks preceding the survey. With few exceptions, these
symptom prevalences are similar to those for symptoms experienced on the day of
the survey.

The third column shows the percentage of employees who reported experiencing
symptoms once a week or more often while at work during the four weeks
preceding the survey and alsc reported that the symptom tended to get better
when they were away from work. This latter criterion was used to define a "work-
related™ symptom, but it is possible that a symptom which does not usually
improve when away from the building could also be due to conditions at work.
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The reported "work-related” frequent symptom prevalences shown in the

third column of Tables 2A and 2B, are generally lower than the corresponding
symptom prevalence over the last four weeks {shown in the second column}

and are consistent for the symptoms described above. Overall, twenty {57% of
the 35) first shift respondents, and 13 (54 % of the 24) second shift respondents
reported having one or more symptoms that had occurred at work one or more
days a week during the preceding four weeks and tended to get better when away
from work.:

For further analysis, NIOSH investigators compared responses from seven workers
- on each shift who worked in the adjacent Lacquer Room. These workers were
physically separated from the Aluminizing Department employees, and thus served
as an "unexposed™ comparison population. Resuits from the symptom
questionnaires were then assessed to see if the responses from either the first-
or second-shift Aluminizing Department workers differed from those of Lacquer
Room workers {from both shifts combined). The prevalence of symptoms from
Aluminizing Department workers were generally higher than Lacquer Room workers
(Table 3). These results, however, show no statistical difference in prevalence rate
ratios (all confidence intervals overlap one).

Tables 4A and 4B (first and second shift respectively) show results of employee
reports regarding environmental conditions at their workstations on the day of the
survey and during the four weeks preceding the survey. Column one shows the
results for the day of the survey. It shows that 60% of the first shift and 71% of
the second shift respondents perceived that the ventilation system was not
providing sufficient air movement, 66% of the first shift respondents and 71% of
the second shift respondents thought it was too hot, and only 3% of the first shift
and none of the second shift felt that it was too cold during at least part of their
work day. - :

The second column shows the responses to the questions about environmental
comfort conditions experienced in the facility during the four weeks preceding the
survey. Adverse environmental conditions {too hot, too cold, odors, etc.) were
considereq “frequent” if they were reported to occur at work once a week or more
often. Fifty-four percent of the first shift participants perceived working conditions
as too hot, compared to 71% of the second shift workers who indicated their work
site was too hot. A total of 46% of the first shift employees indicated that there
was too little air movement while 71% of the second shift workers complained of
too little air movement. In addition, 49% of the first shift workers considered the
air too dry while 34% of the workers indicated that the air was too humid.
Similarly, 46% of the second shift workers felt the air was too dry and

38% indicated that the air was too humid.
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Environmental

No substances were identified in any of the air samples collected which exceed
any occupational exposure criteria. Table 5 contains the quantitative results from
the analysis of the six dominant VOCs identified from the qualitative analyses of
the thermal desorption tubes (see Figure 2). Only trace amounts of acetone,
trichloroethylene, toluene, and n-amyl acetate were detected in the Aluminizing
Department. Solvent levels in the Lacquer Room were slightly higher, but still
below any applicable exposure criteria. Hexane and isoamyl acetate were not
detected in any of these air samples.

Table 6 summarizes the results from the elemental analysis of four area air
samples. The ten metals listed in the table were those elements which were
present in quantifiable amounts. None of these metals, however, exceeded any
applicable exposure criteria. Although the elements barium and yttrium are not
typically found in most industrial settings, the low levels measured in this
evaluation are not unexpected since both metals are used in the manufacturing
of CRTs.

Table 7 contains the results from the samples collected for inorganic acids. -
As with the previous air monitoring results, these levels were below their
respective occupational exposure criteria.

Along with air sampling for the above substances, temperature and relative
humidity levels were measured in the Aluminizing Department and surrounding
areas on July 21, 1993. Temperatures in the Aluminizing Department remained
very consistent, ranging from 73 to 75°F. Relative humidity levels behaved in a
similar fashion, ranging from 47 to 49%. These levels are within the comfort
range recommended by the American Society of Heating, Refrigerating, and Air-
- Conditioning Engineers {ASHRAE) for thermal comfort.

DISCUSSION AND CONCLUSIONS

In general, the results from the PBZ and general area air sampling conducted
during this’ evaluation did not identify any substances which were present in
concentrations that would readily explain the symptoms reported by some
employees in the Aluminizing Department. However, a TWA concentration of
0.13 ppm of hydrochloric acid (HCl) was measured at the load end of Carousel #2.
While this concentration is below the NIOSH, OSHA, and ACGIH exposure criteria,
some studies have suggested that exposure to HCI below the threshold for taste
or eye irritation can induce sneezing, hoarseness, chest pain, and a feeling of
suffocation.® In other research, both odor detection and temporary pulmonary
function impairment were observed in individuals exposed to HCl levels ranging
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from 0.067 to 0.134 ppm.5 in another study eye irritation was observed
following exposure to HCI concentrations below occupational exposure criteria.®

NIOSH investigators did not determine where the gaseous HCl may be originating.
While it is unlikely that chronic exposure to these low levels of HCl will cause any
significant health effects, it is possible the concentration of HCl measured near
Carousel #2 (0.13 ppm, TWA) may elicit irritative symptoms in some of the more
sensitive workers.

RECOMMENDATIONS

Additional full-shift sampling for HClI should be conducted in the Aluminizing
Department (specifically, near the load end of Carouse! #2) and in the nearby
Reclaim/Panel Prep area. Since the levels of this inorganic acid may be very low,
the sample volumes should be sufficiently large to obtain suitably low minimum
detectable and minimum quantifiable concentrations for the sample set.

In addition, a chemical audit should be conducted to identify any source(s) of
HC1 and the route this chemical is entering the Aluminizing Department.
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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.
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Table 2A
Symptoms Experienced At Work {Shift 1)
Phillips Display Components, Ottawa, Ohio
: HETA #93-0806
Date: 7/21/93
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- Symptoms Experienced At Work (Shift 1)
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Table 2B
swmmm Experienced At Work {Shift 2)




Comparison of Prevalence Rate Ratios, Aluminizing Dept. Shifts #1 and #2 vs. Lacquer Room

Table 3

Philips Display Components, Ottawa, Ohio

Unusual fatigue or drowsiness

TR

Tension, kritability or nervousness

0.83
10.23.34

2.21
(0.32-15.14)

2.76
(0.41-18.46)

0.88
{0.1-8.8)

1.45
{0.19-11.15)

1.09
(0.39-3.04)

1.82
{0.25-13.28)

1.45
{0.19-11.15)

0.82
(0.12-6.9)

1.88
(0.28-12.57)

1.15
(0.45-2.97)

2.35
(0.36-15.45)

1.25
{0.18-8.74)

1. Prevalence Rate Ratios (PRRe) compare the rate of symptoms among Aluminizing Department shift workers with
symptoms rates among Lacquer Room employees. Numbers shove "1" indicate that Aluminizing Department
workers hove higher symptom prevalences than Lacquer Room workers. Numbers jess than ™1 indicate that
mmmmmmmum“mmwnmmﬂ.

2. Undefined occurs when the symptom is not raported in the control group (in this case the Lacquer Room
employees). Thus the rate would be "0 for the control group. Since any number divided by zero is undefined,
the rate ratios have been iabeled “undefined.”

*=  Controls were all Lacquer room smpioyees.



Table 4A
Farst Shift Workers: Description Of Work Place Conditions
Philips Display Components, Ottawa, Ohio
HETA #93-0806
Date: 7/21/93

food odor, perfume)

. Table 4B
Second Shift Workers: Description Of Work Place Conditions
Phifips Display Components, Ottawa, Ohio
HETA #93-0806 .
Date: 7/21/93

Other unpleasant odors 13%
{e.g.. body odor, food odor, perfume)
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