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The employer is required to post a copy of this report for 30 days at or near the
workplace(s) of affected employees. The employer must take steps to ensure
that the posted report is not altered, defaced, or covered by other material.

The cover photo is a close-up image of sorbent tubes, which are used by the HHE
Program to measure airborne exposures. This photo is an artistic representation that may
not be related to this Health Hazard Evaluation.
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Highlights of this Evaluation

The Health Hazard Evaluation Program of the National Institute for Occupational Safety
and Health received a confidential request from employees of a rubber manufacturing

facility regarding concerns about exposure
to and respiratory health effects from rubber
manufacturing emissions and excessive heat
during production.

We evaluated potential respiratory
exposures during production and the

respiratory health of employees at a rubber

What We Did
e We visited the rubber manufacturing facility

during January 31-February 1, 2017,

to tour the facility, observe employees
performing tasks, and learn about the rubber
manufacturing process.

o During the visit we:

* Measured real-time air levels of
total particulates for mass and
concentration, total volatile organic
compounds, carbon monoxide, carbon
dioxide, temperature, and relative
humidity.

* Collected integrated air samples for
identifying and quantifying individual
volatile organic compounds.

* Informally interviewed randomly-
selected employees.

= Reviewed the safety data sheets.

= Met with management and employee
representative.

We conducted 11 information sessions with
management and employees to discuss
employee concerns and describe the medical
survey during May 9-10, 2017.

We conducted a medical survey during

June 5-16, 2017, that included a health
questionnaire, breathing tests, and blood
draws.

We performed a qualitative ventilation
assessment during March 5-8, 2018, to
evaluate the local exhaust ventilation systems
associated with rubber production.
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manufacturing facility. More than 90 volatile
organic compounds were identified from

10 locations using integrated sampling.
Two hundred sixty-nine (74%) participants
reported at least one upper respiratory
symptom in the past 12 months, and 160
(59%) of these participants reported their
symptoms improved when away from

work or something at work aggravated the
symptoms. Participating employees were 2.5
times more likely to reported wheezing or
whistling in their chest compared with the
U.S. general population. Participants were
1.3 times more likely to report stuffy, itchy,
or runny nose and 1.5 times more likely to
report shortness of breath on level ground
compared with the U.S. general population.
Participants working in extrusion were

1.8 times more likely to report work-

related upper respiratory symptoms and

3.7 times more likely to report work-

related breathing trouble compared

with participants from non-production
departments. Participants working in mixing
were 2.8 time more likely to report work-
related upper respiratory symptoms, 4.3
times more likely to report work-related
usual cough, and 4.1 times more likely to
report trouble with phlegm compared

with participants from non-production
departments. There was not an excess of
spirometry abnormalities in comparison
with the general U.S. population. Overall,
the local exhaust ventilation systems
throughout the facility provided good
capture of released contaminants with

the exception of the canopy hoods. We
recommend limiting employee exposures
to rubber manufacturing emissions

by ensuring all ventilation units are
functioning properly. Because participants
in extrusion, finishing, and mixing had
higher prevalences of respiratory symptoms,
we recommend implementing a medical
surveillance program for employees who
work in extrusion, finishing, or mixing.

We also recommend health and safety
infographics and translating health and
safety communication materials to common

languages spoken at the facility.
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What We Found
e During the January 31-February 1, 2017 visit:

o Sixteen (18%) of 88 employees informally interviewed reported current respiratory
symptoms that improve away from work; nine (10%) participants reported concerns
about excessive heat in the production areas during the summer months.

o Health and safety communication materials posted in English when approximately
one-third of the employees were non-native English speakers.

o Spot measurements of submicron particulates using a real-time particle counter
exceeded 500,000 particles per cubic centimeter in 56% of the extrusion and
production areas sampled. No occupational exposure limits for submicron
particulates have been established.

o A spot measurement of carbon monoxide concentration higher than 30 parts per
million in the long breezeway between the warehouse and manufacturing area.

o We detected 96 volatile organic compounds from the integrated air samples.

e During the June 5-16, 2017 medical survey:

o Of'the 649 employees reported on the employee roster, 365 employees participated
in the medical survey.

o Two hundred sixty-nine (74%) participants reported at least one upper respiratory
symptom in the past 12 months, and 160 (59%) of these participants reported their
symptoms improved when away from work or something at work aggravated the
symptoms.

o Two hundred twenty-nine (63%) participants reported at least one lower respiratory
symptom in the past 12 months, and 103 (45%) of these participants reported their
symptoms improved when away from work.

o Participants were 2.5 times more likely to report wheezing or whistling in the chest
in the last 12 months compared with the U.S. general population.

o Participants were 1.5 times more likely to report shortness of breath on level ground
and 1.3 times more likely to report stufty, itchy, or runny nose compared with the
U.S. general population.

o Compared with participants from non-production departments, participants working
in extrusion were 1.8 times more likely to report work-related upper respiratory
symptoms and 3.7 times more likely to report work-related breathing trouble.

o Compared with participants from non-production departments, participants working
in mixing were 2.8 times more likely to report work-related upper respiratory
symptoms, 4.3 times more likely to report work-related usual cough, and 4.1 times
more likely to report trouble with phlegm.

o Most (89%) spirometry tests were normal; 25 (7%) spirometry tests were
interpreted as having a restrictive pattern, seven (2%) an obstructive pattern, and
two (1%) a mixed pattern

e During the March 5-8, 2018 ventilation visit:

o Most of the local exhaust ventilation systems throughout the plant, including all
spray booths, provided good capture of released contaminants.

o Generally, the canopy hoods were the poorest performing local exhaust ventilation
capture points in the facility due to excessive vertical distance between the rubber
production lines and canopy hood openings.
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What the Employer Can Do

e Ensure employees understand potential health effects in the workplace and how to protect
themselves.

e Provide health and safety communication materials in infographics or common languages
spoken at the facility.

e Encourage employees to report new, worsening, or ongoing respiratory symptoms to a
designated individual at the workplace and their personal healthcare providers.

e Implement a medical surveillance program for employees who work in extrusion,
finishing, or mixing.

e Make sure all ventilation units are functioning properly.

e Continue to properly maintain a negative pressure in the production area relative to
the adjacent nonproduction spaces (including the break room) as future ventilation and
production line modifications are made.

What Employees Can Do

e Report new, persistent, or worsening respiratory symptoms to your personal healthcare
provider(s) and a designated individual at your workplace.

e Participate in your employer’s medical surveillance program as instructed by your
employer.

e Report ventilation problems to a designated individual at your workplace.

e [fyou smoke, participate in a smoking cessation program.
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Abbreviations

pm
ACGIH®
APF

AX

CBC
cc/min
CFR

CI

cm H2O/L/s
CcO

CO,
COPD
CvV
EPDM
EPA
FEV1
FENO
FVC

I0S
kPa/(L/s)
LEV
mg/m’
mL/min
NAICS
NHANES
NIOSH
OEL
OSHA
PEL

PFT

ppb

ppm
R5

R5-20
R20
REL
SD
SDM

Micrometer

American Conference of Governmental Industrial Hygienists

Assigned protection factor

Total reactance

Complete blood count

Cubic centimeters per minute

Code of Federal Regulations

Confidence interval

Centimeters of water per liter per second
Carbon monoxide

Carbon dioxide

Chronic obstructive pulmonary disease
Continuous vulcanization

Ethylene propylene diene monomer
Environmental Protection Agency

Forced expiratory volume in one second
Fractional exhaled nitric oxide

Forced vital capacity

Impulse oscillometry

Kilopascals per liter per second

Local exhaust ventilation

Milligrams per cubic meter of air

Milliliter per minute

North American Industry Classification System
National Health and Nutrition Examination Survey
National Institute for Occupational Safety and Health
Occupational exposure limit

Occupational Safety and Health Administration
Permissible exposure limit

Pulmonary function testing

Parts per billion

Parts per million

Resistance at 5 Hertz

Frequency dependence of resistance

Resistance at 20 Hertz

Recommended exposure limit

Standard deviation

Sponge dense metal
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SMR Standard morbidity ratio

SOB Shortness of breath

STEL Short-term exposure limit

TD Thermal desorption

TLV® Threshold limit value

TVOC Total volatile organic compounds
TWA Time-weighted average

U.S. United States

VOC Volatile organic compounds
X5 Reactance at 5 Hertz

R20 Resistance at 20 Hertz

REL Recommended exposure limit
SMR Standardized morbidity ratios
RH Relative humidity

STEL Short-term exposure limit
TLV® Threshold limit value

TWA Time-weighted average

VOC Volatile organic compound
X5 Reactance at 5 Hertz
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Summary

In August 2016, the National Institute for Occupational Safety and Health received a
confidential request from employees at a rubber manufacturing facility about exposure to and
respiratory health effects from rubber manufacturing emissions and excessive heat during
production.

In January 2017, we conducted an initial site visit. During this visit, we toured the facility,
observed employees performing various tasks, measured total particulate matter and
submicron particulate (aerodynamic diameter less than one micrometer), measured total
volatile organic compounds and carbon monoxide, performed quantitative and semi-
quantitative screening of specific volatile organic compounds, conducted a walk-through

of the ventilation system, and interviewed 88 randomly selected employees from each
department. Sixteen (18%) of 88 employees interviewed reported current respiratory
symptoms that improve away from work; nine (10%) participants reported concerns

about excessive heat in the production areas during the summer months. Real-time tests
demonstrated high concentrations of ultrafine particles (exceeding the instrument range of
500,000 particles per milliliter) in most of the extrusion and production areas. The qualitative
ventilation assessment identified areas where ventilation could be improved. We detected
96 volatile organic compounds. Sixteen (18%) of 88 employees reported current respiratory
symptoms that improve away from work. Based on the real-time monitoring and ventilation
assessment during the site visit and the possibility of work-related respiratory problems
identified during the informal interviews, we conducted a medical survey and extensive
ventilation assessment.

In May 2017, we conducted 11 onsite information sessions with management and employees
to discuss employee concerns and describe the medical survey. In June 2017, we offered

a medical survey to all employees across shifts. We provided Arabic, Burmese, Spanish,

and Vietnamese interpreters for employees who requested language assistance. The

medical survey consisted of a health and work history questionnaire, lung function testing
(spirometry, impulse oscillometry, and exhaled nitric oxide), and a blood sample for a
complete blood count.

Of the 649 employees, 365 (56%) participated in the medical survey. Of the 365 participants,
296 (74%) reported one or more upper respiratory symptoms; 160 (59%) of the 269 reported
something at work aggravated their symptoms or their symptoms improved when away

from work. Compared with the U.S. general population, participants were 2.5 times more
likely to report wheezing or whistling in their chest, 1.5 times more likely to report shortness
of breath on level ground, and 1.3 times more likely to report stuffy, itchy, or runny nose.
Participants who reported working in extrusion were 3.7 times more likely to report work-
related breathing trouble and 1.8 times more likely to report work-related upper respiratory
symptoms compared with the participants who reported working in non-production
departments. Participants who reported working in mixing were 2.8 times more likely to
report work-related upper respiratory symptoms, 4.3 times more likely to report work-related
usual cough, and 4.1 times more likely to report trouble with phlegm compared with those
who reported working in non-production departments. The mean medical test parameters for
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spirometry, impulse oscillometry, and exhaled nitric oxide were normal for all departments.

In March 2018, we conducted an assessment of the ventilation system using fog generators.
Overall, the local exhaust ventilation systems throughout the plant provided significant
capture of released contaminants. The canopy hoods consistently had the poorest capture of
released contaminants, which allowed contaminants to escape into the production areas of the
plant. This was most likely caused by the distance between the canopy hood and the rubber
product (i.e., source of emissions) moving under the hood.

The respiratory symptoms and breathing test abnormalities observed among the medical
survey participants are not specific to a particular respiratory problem or disease. Although
we could not prove causal association between workplace exposure and respiratory
symptoms, we found a higher than expected prevalence of wheeze, shortness of breath on
level ground, and stuffy, itchy, or runny nose compared with the U.S. general population.
Rubber manufacturing workers are exposed to a complex mixture of dust, gases, vapors,
fumes, and chemical byproducts. Previous studies have indicated that mixed dust, gas,
vapor, fume, and chemical exposures could alter the expected health effects of exposure to
individual contaminants on the respiratory system. In this report, we summarize the results
from our medical and industrial hygiene surveys and ventilation assessment. Additionally,
we provided recommendations to help protect the health of employees. We previously mailed
letters with interim results and recommendations in February, April, and June 2017 and April
2018.
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Introduction

In August 2016, the National Institute for Occupational Safety and Health (NIOSH) received
a confidential employee request for a health hazard evaluation at a rubber manufacturing
facility about exposure to and respiratory health effects from rubber manufacturing emissions
and excessive heat during production. In January 2017, we conducted an initial site visit

that included a walk-through of the ventilation system, limited industrial hygiene sampling,
employee observations, and confidential interviews. During the visit, we observed employees
performing various tasks and collected real-time monitoring data for total particulate matter
and submicron particulate, total volatile organic compounds (TVOCs), and carbon monoxide
(CO). We collected time-integrated air samples for identification of specific volatile organic
compounds (VOCs). We also randomly selected employees from each department to
interview. In May 2017, we conducted onsite informational sessions about the health hazard
evaluation and NIOSH medical survey scheduled for June 2017. In June 2017, we conducted
a medical survey at the company that included a health questionnaire, breathing tests, and
blood draws. In March 2018, we performed a qualitative ventilation assessment to evaluate
the local exhaust ventilation systems at the facility.

Background

Rubber products such as automobile tires and automotive moldings are produced by
combining numerous synthetic and natural chemicals that are subjected to a series of
reactions using heat, pressure, and catalysts in the manufacturing process [Governa et al.
1987; Gupta et al. 1993]. During the mixing, milling, extruding, and vulcanizing that occurs
in the rubber manufacturing process, dusts, gases, vapors, fumes, and chemical byproducts,
collectively referred to as rubber manufacturing emissions, are produced and released into
the work environment [McMichael et al. 1976; Jonsson et al. 2008]. Occupational exposure
to rubber manufacturing emissions occurs through inhalation or skin contact during the
manufacturing process [McMichael et al. 1976; Zuskin et al. 1996; Meijer et al. 1998;
Attarchi et al. 2013].

Work-related respiratory disease is common among the U.S. general population.
Approximately 17% of all adult-onset asthma cases and 15% of chronic obstructive
pulmonary disease (COPD) cases are associated with occupational exposures [Torén and
Blanc 2009; Blanc 2012; Blanc et al 2019]. These work-related respiratory diseases have a
substantial economic impact related to healthcare cost, absenteeism, and disability [Lednar et
al. 1977; Moscato and Rampulla 2003].

Many of the compounds in rubber manufacturing emissions are known respiratory hazards
(irritants or sensitizers) that can cause acute or chronic respiratory symptoms [Governa et

al. 1987; Zuskin et al. 1996; Akca et al. 2011]. However, only a small proportion of the
numerous chemicals found in rubber manufacturing emissions have Occupational Safety and
Health Administration (OSHA) permissible exposure limits (PELs) or NIOSH recommended
exposure limits (RELs). Additionally, exposure to different chemicals adsorbed on
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combustion-derived ultrafine particles can alter the expected health effects of the exposure to
ultra-fine particles [Penn et al. 2005]. Because rubber manufacturing emissions are complex
and vary by the ingredients, processing methods, and final products, studies have indicated a
good ventilation system is the most effective method for reducing respiratory illness among
rubber manufacturing employees [Bascom et al. 1990].

Previous studies have indicated inhaling fumes from heated synthetic chemicals can lead

to the development of respiratory symptoms [Evans 1973; Kuntz and McCord 1974; Fine
and Peter 1976a; Haponik and Summer 1981; Froneberg et al. 1982; Parkes 1983; Bascom
et al. 1988]. Five cases of respiratory illness were identified among thermoinjection process
employees at an automotive rubber manufacturing facility [Bascom et al. 1988]. Air
sampling at the rubber manufacturing facility identified various components of the rubber
manufacturing emissions including resins, catalysts, synthetic rubber, fillers; however,

all samples were below applicable OSHA PELs. Bascom et al. determined the required
maneuvers for the employee to complete their job tasks put the rubber manufacturing
emission in the employees breathing zone [Bascom et al. 1988, 1990]. In addition to
respiratory impairment, the five respiratory cases identified at this rubber manufacturing
facility also had elevated blood eosinophil counts. Other studies have identified acute and
chronic respiratory symptoms and lung function abnormalities among rubber manufacturing
workers [Thapa et al. 2019].

Process Description

The facility produces automotive rubber and plastic weather stripping and had 649 employees
at the time of the health hazard evaluation. The employees were not represented by a union.
Production ran 24-hours a day with three eight-hour shifts with rotating start times. Most
employees worked in production; roughly, one-quarter of employees were involved in
administration tasks including accounting, quality control, human resources, purchasing, data
processing, plant management, or product development. Although there were separate areas
for extrusion, molding, and finishing, the facility’s production area was mainly one large
open room; some areas were separated by walls that did not completely reach the ceiling. The
mixing area was in a separate room with its own ventilation system.

Rubber at this facility was produced from raw ingredients including ethylene propylene diene
monomer (EPDM) rubber, carbon black, vulcanizing agents, and coatings. In the mixing area,
employees used an ergonomic lifting apparatus to add blocks of EPDM rubber to the mix.

In a separate room, employees measured out carbon black on a table with slot ventilation.
Employees measured out other powdered ingredients on a ventilated table in the same room
as the mixing process. Powdered ingredients were gradually being replaced with sheet and
pellet materials. Raw black rubber material was produced in sheet or rope form. Ropes of
rubber were produced using the Barwell extruder. “Pigs” of rolled-up rubber sheet material
were fed into the Barwell extruder batch-wise. The ropes of rubber coming out of the Barwell
extruder were coated with a non-stick spray to prevent sticking together before being wound
onto spools.

Page 4 Health Hazard Evaluation Report 2016-0227-3364



From the mixing area, the black rubber material moved to the extrusion area where two
different types of extruders were used: continuous vulcanization (CV) and sponge dense
metal (SDM). During these processes, CV extruders produced long hollow ropes of rubber
weather-stripping; whereas, SDM extruders produced long rubber weather-stripping extruded
directly onto a metal support in strip or mesh form. In addition, there was one extruder that
produced material in wide, flat sheets. Two extruders produced plastic materials. These
plastics were not cured.

Rubber from the CV and SDM extruders passed through a series of conventional ovens or
microwaves that cure or vulcanize the material. The CV extruders were numbered from five
to 13; CVs one through four had been removed. SDM lines were numbered from one to six
(or EA through EF). SDM lines moved faster than CV lines; therefore, the SDM lines were
longer to allow for the same amount of curing time. Every extruder line (both CV and SDM)
except for SDM-3 (the oldest line) used hot air vulcanization. SDM-3 (or SDM EC) used
glass bead vulcanization in beds of tiny, heated glass beads.

After the vulcanizing process, the rubber was cooled using air or a water bath. Sometimes,
there were additional processing steps, such as hole punching, laser marking, plasma etching,
or spray coating. Several different coatings were used in the CV lines. Several different
coatings were used in the SDM lines. Coated rubber underwent another curing and cooling
process.

Next the rubber went through a finishing process to be cut to length, and the ends were
joined into a finished automotive seal product using a high-temperature molder. These joined
areas were then sprayed by hand with a coating in a spray booth. In at least one area, robots
were used to perform these finishing operations. The final products were sent to the onsite
warehouse until shipped out.

Methods

We initially visited the rubber manufacturing facility in January 2017. We collected
integrated area air samples, monitored real-time concentrations of particulates and TVOCs
at selected locations, performed a walk-through of the ventilation system, and conducted
informal interviews with employees. In May 2017, we conducted 11 onsite information
sessions with management and employees to discuss employee concerns and describe the
medical survey. We visited the facility again in June 2017 to conduct a medical survey that
included a health questionnaire, breathing tests, and blood draws. We returned in March
2018 to perform an extensive ventilation assessment to evaluate the local exhaust ventilation
systems associated with rubber production. We provided four interim reports.

Initial Site Visit - January 2017

During the initial site visit, we met with management and employee representatives to discuss
the health hazard evaluation request and describe the objectives, activities, and sampling

plan for our visit. We toured the facility and learned about the rubber manufacturing process.
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We observed employees performing various work tasks. We measured total particulate matter and
submicron particulate, TVOCs, and CO concentrations in different locations using direct reading
instruments. Using thermal desorption (TD) tubes, we collected time-integrated air samples to
quantitatively and semi-quantitatively screen for specific VOCs in different locations. We used
smoke tubes to evaluate the hoods in extrusion areas. We interviewed randomly selected employees
from each department and reviewed Safety Data Sheets. At the conclusion of our site visit, we held
a closing meeting with management and employees.

Real-time Air Monitoring

We measured total particulate matter, submicron particulate, TVOCs, CO, and CO, concentrations
in ten locations using direct reading instruments. We used the DustTrak DRX (TSI, Shoreview,
MN) to measure total particulate matter and the P-Trak (TSI, Shoreview, MN) to measure
submicron particulate. We used ppbRAE 3000 (RAE systems, San Jose, CA) monitors to measure
real-time concentrations of TVOC:s in the air to obtain general understandings of exposures to

all VOCs and to utilize the results in determining ten locations for time-integrated sampling of
individual VOCs. This sampling was conducted to better understand potential employee exposures
to TVOCs. We performed spot measurements (10 second average) of TVOCs at every local
exhaust ventilation hood in the extrusion line areas. We also measured CO, CO,, temperature, and
relative humidity using VelociCalc (TSI, Shoreview, MN).

Time-integrated Air Sampling

We performed time-integrated air sampling using TD tubes to characterize the mixture of unknown
VOC:s in the extrusion and production areas. We sampled 10 locations for VOCs with the TD tubes.
We choose this location based on the possibility of escape of rubber manufacturing emissions from
nearby exhaust hoods and the highest TVOCs measurements using the ppbRAE. We collected
VOC:s in the TD tubes with average flow rates of 29 milliliters/minute (mL/min) (range: 25 mL/
min —30.5 mL/min) for more than six hours. VOCs captured in the sorbents (CarbopackTM and
CarboxenTM) of the TD tubes were extracted and analyzed with a gas chromatograph-mass
spectrometer based on NIOSH analytical method 2549 [NIOSH 1996]. TD tube sampling results
provided the type of detected VOCs and quantitative concentrations for the VOCs listed in the U.S.
Environmental Protection Agency (EPA) TO-17 methods [EPA 1999] and semi-quantitative results
for other VOCs.

Exposure Limits

We utilize mandatory (legally enforceable) and recommended occupational exposure limits (OELs)
when evaluating workplace hazards. OELs have been developed by federal agencies, and safety
and health organizations to prevent adverse health effects from workplace exposures.

Ventilation Assessment

In January 2017, we used a smoke test tube to quickly evaluate all hoods during the walk-
through of the ventilation systems. We observed that there might be potential escape of rubber
manufacturing emissions from many hoods. This observation resulted in more extensive
assessment of ventilation in March 2018.

Informal Employee Interviews
Using a list of all current employees at the facility provided by management, we grouped
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employees by department and used SAS computer software to randomly select 25% of
employees from each department to interview. The goal of the open-ended interview
questions was to collect exposure and health concerns. We identified 113 employees to
interview. To begin each interview, we reviewed a copy of the informational handout about
the NIOSH visit and informed the employee that participating in the interview was voluntary
and confidential.

Medical Survey Scheduling Visit — May 2017

During May 9-10, 2017, NIOSH conducted 11 onsite information sessions with management
and all available employees to discuss the health hazard evaluation request and describe

the scope of the medical survey. During these information sessions, employees had the
opportunity to sign up for a medical survey appointment in June 2017 and request an
interpreter in Arabic, Burmese, Spanish, Vietnamese, or Japanese.

Medical Survey, June 2017

Participants

All employees were invited to participate in the medical survey at the workplace during
June 5-16, 2017. Participation was voluntary; written informed consent was obtained from
each participant before beginning. The medical survey included, in the order performed,

a medical and work history questionnaire, quantification of exhaled nitric oxide, impulse
oscillometry, spirometry, and collection of a blood sample for a complete blood count. We
mailed participants their individual reports explaining their breathing and blood test results
and recommended each participant provide the information to their personal physician or
healthcare provider.

Questionnaire

We used an interviewer-administered computerized questionnaire to ascertain symptoms
and diagnoses, work history at this rubber manufacturing facility, and cigarette smoking
history. Questions on respiratory health were derived from five standardized questionnaires,
the European Community Respiratory Health Survey [Burney et al. 1994; ECRHS 2014],
the American Thoracic Society adult respiratory questionnaire (ATS-DLD-78) [Ferris

1978], the International Union Against Tuberculosis and Lung Disease [Burney and Chinn
1987; Burney et al. 1989], and the Third National Health and Nutrition Examination Survey
(NHANES III) [CDC 1996] and NHANES 2007——2012 questionnaires [CDC 2018a]. Some
of the questions appeared on more than one of the standardized questionnaires. We also
supplemented our questionnaire with additional respiratory and systemic symptom questions.

Fractional Exhaled Nitric Oxide (FeNO)

We used the NIOX MINO® device (Aerocrine Inc., Morrisville, NC) to measure the amount
of nitric oxide in the air the participant breathed out. Nitric oxide is a gas produced by the
airways, and elevated levels can be a sign of eosinophilic airway inflammation in asthma
[Dweik et al. 2011]. In adults, fractional nitric oxide concentration in exhaled breath above
50 parts per billion (ppb) are considered elevated. In adults with asthma, elevated levels can
indicate that their asthma is uncontrolled [Dweik et al. 2011].
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Impulse Oscillometry

Many occupational lung diseases (e.g., COPD, asthma) involve the small airways; however,
this part of the lung is difficult to evaluate noninvasively. Oscillometry is a helpful
technology to understand the effects of occupational exposures on the small airways. There
are no contraindications to the test as this test is conducted using regular breathing and

does not require a forceful exhalation [Smith et al. 2005]. Spirometry can be normal despite
respiratory symptoms or evidence of small airways disease on lung biopsy [Oppenheimer et
al. 2007; King et al. 2011]; therefore, oscillometry results complement spirometry and can be
used when spirometry is not possible because of a contraindication.

We used an impulse oscillometry machine (CareFusion Corp., San Diego, CA) to measure
resistance (R), the energy required to propagate the pressure wave through the airways,

and reactance (X), which reflects the viscoelastic properties of the respiratory system. The
impulse oscillometry testing machine sends sound waves called pressure oscillations at
different frequencies (e.g., 5 Hertz and 20 Hertz) into the airways to measure how airways
respond to these small pressures. The test calculates 1) the airway resistance at different
frequencies including 5 Hertz (R5) and 20 Hertz (R20), and the difference between R5

and R20 (DR5-R20); 2) the reactance at different frequencies including 5 Hertz (X5); 3)
resonance frequency which is the frequency where there is no airway reactance; and 4)

the total reactance (AX) at all frequencies between 5 Hertz and the resonance frequency.

The predicted values for R and X were based on sex and age according to reference values
recommended by the manufacturer [ Vogel and Smidt 1994]. RS was considered abnormal
(elevated) if the measured value was equal to or greater than 140 percent of the predicted RS.
X5 was considered abnormal (decreased) if the value of the predicted X5 minus measured X5
was equal to or greater than 0.15 kilopascals per liter per second (kPa/(L/s). DR5-R20 values
greater than 30% were considered abnormal and evidence of frequency dependence [Smith
2015]. We interpreted the test as normal if both the R5 and X5 were normal [Smith 2015].
We defined possible large (central) airways abnormality as a normal X5 and elevated R5 with
no evidence of frequency dependence. We defined a possible small airways abnormality if
there was evidence of frequency dependence or a decreased X5 with or without an elevated
R5. We defined possible combined small (peripheral) and large (central airways) abnormality
as a decreased X5 and elevated R5 with no evidence of frequency dependence.

In some of our analyses, we explored impulse oscillometry data comparing results with the
upper limit of normal determined in previous populations studied following the attack on the
World Trade Center [Friedman 2011]. The same parameters were assessed (RS, R20, R5-20,
and AX), using different units (centimeters of water per liter per second (cm H20O/L/s), 1 cm
H20=0.0980665 kPA). R5 greater than 3.96 cm H2O/L/s was considered above the upper
limit of normal and indicated total airways resistance. R20 greater than 3.20 cm H20O/L/s was
considered above the upper limit of normal and indicated large airways resistance. R5-20 is
referred to as the frequency dependence of resistance, and if greater than 0.76 cm H20O/L/s
was considered above the upper limit of normal and indicated small airways resistance.

AX greater than 3.6 cm H20 cm/L/s was considered above the upper limit of normal and
indicated heterogeneity of small airways function.
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Spirometry

The purpose of the spirometry test was to determine a person’s ability to move air out of
their lungs. Test results were compared with expected normal values. The test included three
measurements or calculations: 1) forced vital capacity (FVC), (the total amount of air the
participant can forcefully blow out after taking a deep breath), 2) forced expiratory volume
in one second (FEV1) (the amount of air the participant can blow out in the first second of
exhaling), and 3) the ratio of FEV1 to FVC. We used American Thoracic Society criteria for
acceptability and repeatability [Miller et al. 2005].

We used a volume spirometer (dry rolling seal spirometer) to measure exhaled air volume
and flow rates. We used equations for predicted values and lower limits of normal derived
from NHANES III data to define abnormal spirometry [Hankinson et al. 1999]. We defined
obstruction as an FEV1 /FVC ratio less than the lower limit of normal with FEV1 less than
the lower limit of normal; restriction as a normal FEV1 /FVC ratio with FVC less than the
lower limit of normal; and mixed obstruction and restriction as having FEV1, FVC, and
FEV1 /FVC ratio all less than the lower limit of normal. We used the FEV1 percent predicted
to categorize such abnormalities as mild, moderate, moderately severe, severe, or very severe
[Pellegrino et al. 2005].

Complete Blood Count (CBC)

We obtained venous blood samples for CBCs. This test measures several different
components within the blood including total number of red blood cells (RBCs), hemoglobin
(Hgb) concentration inside RBCs, total number of white blood cells (WBCs), total number
of each of the five types of WBCs (neutrophils, lymphocytes, monocytes, eosinophils, and
basophils), and total number of platelets using a flow cytometer. Normal eosinophil counts
are defined by the laboratory as the range that includes 95% of healthy people of the same
sex, age, and race. We considered an elevated eosinophil count combined with work-related

respiratory symptoms indicated a possible case of work-related non-malignant respiratory
disease [Bascom et al 1988, 1990].

Statistical Analyses

We calculated frequencies and standardized morbidity ratios (SMRs) and their associated
95% confidence intervals (CI). The SMRs compared prevalences of symptoms and
spirometric abnormalities among participants to expected prevalences of a sample of the
general population reflected in the NHANES III (1988—-1994, symptom and spirometry
data), NHANES 2007-2012 (symptom data), and NHANES 2007—- 2010 (spirometry
data) adjusting for sex, race/ethnicity, age (less than 40 years old or 40 years or greater),
and cigarette smoking categories (ever/never). For comparisons to the U.S. population,
we used the most recent NHANES survey available for the specific comparisons. A SMR
above 1 indicates the prevalence of the health problem or spirometric abnormality is more
common among participants than expected. A SMR of 1 indicates that the health problem
or spirometric abnormality is as common among participants as expected. A SMR below 1
indicates the prevalence of the health problem or spirometric abnormality is less common
among participants than expected.

We performed Poisson regression models using a sandwich variance estimator to estimate
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prevalence ratios to investigate potential associations between work-related health symptoms
and job type (mixing, finishing, or extrusion departments, and non-production departments).
We investigated associations between lung function (% predicted FEV1, % predicted FVC,
and FEV1/FVC ratio) and job type using linear regression models. Final models were
adjusted for smoking status (ever vs. never) and age (as needed).

Job type was categorized into production and non-production departments. Production
departments included extrusion, finishing or mixing, and non-production included
participants who reported their current department as administrative, containment, indirect,
maintenance, or shipping. We estimated prevalence ratios of respiratory symptoms in
participants from mixing, finishing, or extrusion departments to those in participants from
non-production departments. We used non-production workers as the reference group
because these departments did not routinely perform hands-on tasks involving the ovens,
microwaves, or coating sprays. We defined upper respiratory symptoms when participants
reported one or more of the following symptoms on the questionnaire: 1) stuffy, itchy,

or runny nose; 2) episodes of sneezing; 3) episodes of nosebleeds; 4) sinusitis or sinus
problems; 5) burning throat. We defined lower respiratory symptoms when participants
reported one or more of the following symptoms on the questionnaire: 1) cough attacks;

2) awoke with chest tightness; 3) awoke with shortness of breath; 4) chest wheezing or
whistling; 5) asthma attack; 6) breathing trouble; 7) trouble with phlegm; 8) shortness of
breath on level ground or walking up a slight hill in past 12 months. We defined work-related
upper respiratory symptoms as symptoms that improved away from work or were aggravated
by work through responses to two specific questions: “when you are away from this plant

on days off or on vacation, is the symptom: better, same, or worse” and “is there anything

at work that causes or aggravates the symptom”. We defined work-related lower respiratory
symptoms as symptoms that improved away from work.

Statistical analyses were conducted using SAS software version 9.4 (Cary, NC). We
considered p<0.05 to be statistically significant.

Qualitative Ventilation Assessment, March 2018

We conducted a qualitative ventilation assessment focused mainly on the performance of

all local exhaust ventilation (LEV) systems associated with rubber production. We used
three different fog generators to assess the capture efficiency of each opening into a LEV
system (capture point). We used the C Breeze Fog Visualization Instrument (Degree Control,
Inc., Milford, NH) and the Chauvet Hurricane 100 Fog Machine (Chauvet DJ, Sunrise, FL)
when large quantities of fog were desired. For smaller or tight openings, we used hand-

held Smoke Pencil Puffer Sticks (Zero Toys, Inc., Concord, NH). These fog generators
allowed visualization of air movement into and around LEV systems. If the fog was captured
quickly and directly by the capture point, it was rated as having total capture and provided

a good indication of acceptable control design and performance. If a majority of the fog

was captured, but some was allowed to escape, capture was considered marginal at that
point. If the majority of the fog escaped capture, that capture point was considered to have
poor capture. Fog testing was conducted at every LEV capture point (unless inaccessible)
along all CV production lines, all SDM production lines, the off-line spray booths in various
finishing areas, and the mixing facility. Whenever possible, we took physical measurements
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of the capture point opening and noted the size of the exhaust ductwork attached to the
hood/opening. When a measurement followed the length of the line (e.g., from extrusion

to finished product), the term “long” was used to describe it. Similarly, if the measurement
was in the vertical direction, the descriptor “high” was used. If the measurement was
perpendicular to the line (e.g., from the front of an oven to the back side), the term “wide”
was generally used, although the appropriate term “deep” was used to describe the depth of
spray booths.

To document the results of fog testing, we developed our own naming convention that was
applied to each production line. We assigned individual LEV capture points a letter (e.g.,

A, B, C, etc.), and the letters continued, in alphabetical order, for each capture point on the
line from the extruder(s) to the finished product end. Each lettered capture point was further
described by the stack where it was exhausted out to the roof of the facility. Stacks were
assigned for each line in numerical order (e.g., S1, S2, S3, etc.) from the extruder(s) to the
finished product end. Often, multiple capture points on a given line were exhausted through
the same stack. In some instances, capture points from one line were exhausted through a
stack associated with another adjacent process line.

We also used the fog generators to describe the direction of air flow between the production
area and adjacent non-production areas, break room, training room, and first aid room.

Results

Initial Site Visit - January 2017

Informal Employee Interviews

Of the 113 employees randomly selected for voluntary interviews, 94 were available the day
of the interviews. Eighty-eight (94%) participated in the interviews. Six employees were not
interviewed because of language barriers, and no interpreters were available during the initial
site visit. Sixteen (18%) participants reported current respiratory symptoms that improved
away from work. Another seven (8%) participants reported their breathing was better away
from work but did not list any current respiratory symptoms. Multiple employees reported
their breathing was worse when they were near the D Building finishing area or extinguishing
production area fires. Three employees reported they themselves or a coworker had changed
job positions or departments because of breathing problems. Nine (10%) participants
reported concerns about the excessive heat in the production area during the summer months.

Real-time Air Monitoring results

Ten-second-average spot measurements of TVOCs in the morning of the second day were
higher than 3,000 parts per billion (ppb) at certain sampling locations in extrusion line areas
such as CV10, SDM EA, and SDM EF (Table 1). The highest mass concentration of total
particulates in the 10 sampling locations was 6.5 milligram per cubic meter (mg/m?). The
number of particulates measured in five of the 10 locations during the morning of the second
day exceeded the upper limit of detection (500,000 particles per cubic centimeter) of the
direct reading device. Concentrations of CO ranged from 0.9 parts per million (ppm) to 7.1
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Time-integrated Air Sampling of individual VOCs

We observed that employees were exposed to mixture of chemicals. We detected more than
90 VOC:s in the time-integrated air samples from the 10 locations using TD sampling tubes.
Of the VOC:s listed in the EPA TO-17 method, 12 VOCs were identified and quantified, but
the rest of the VOCs were identified using a semi-quantitative method based on total ion
chromatogram without standard materials. Of the 12 VOCs, 11 compounds had personal
OELs established by NIOSH, OSHA, or the American Conference of Governmental
Industrial Hygienists (ACGIH®). Area sample concentrations of these 11 VOCs in the 10
fixed locations were all below the applicable NIOSH, OSHA, or ACGIH OELs (Table 2).
However, please note that NIOSH RELs, OSHA PELs, and ACGIH threshold limit values
(TLVs) are intended to be directly compared to personal measurements in the breathing zone
during the work shift. Area air samples can highlight areas with higher exposure risk.

The number of VOCs detected per sampling location ranged from 36—48. We detected

at least 16 VOCs across all 10 locations, including 2-methyl pentane, 2-methyl propane,
2-propanol, 2-propanone, 2,3-dimethyl butane, 3-methyl hexane, 3-methyl pentane,
benzene, carbon disulfide, ethylbenzene, heptane, methyl cyclohexane, naphthalene, styrene,
toluene, and xylene (0-, m-, and p-). We detected at least 14 VOCs exclusively from the
extrusion line areas near the mixing department, including 2-ethylacrolein, carbamic acid
methyl ester, isothiocyanatocyclohexane, N-butyl-n-methyl-1-butanamine, N-ethyl-2-
propanamine, dodecamethylcyclohexasiloxane, dibutylcyanamine, methylester dodecanoic
acid, formamide, N, N-dimethylmethanamine, phenol, difluorodimethyl silane, siloxane,
and tetrachloroethylene. We detected at least 19 VOCs exclusively from another extrusion
line areas near the finishing department, including 1,3,5-trimethylbenzene, 1-methyl-
2-pyrrolidinone, acetaldehyde, acid ester, bicycloheptene ethylidene isomer, methyl
cyclopentane, dipropylene glycol methyl ether and its isomer, 2-(2-butoxyethoxy)-ethanol,
2-butoxyethanol, ethyl-2-cyano-trans-3-(1-naphthyl)-acrylate/siloxane, N,N-dimethyl
formamide, formic acid, 2,3-dimethyl hexane, isopropylcyclobutane, N-methyl-N-nitroso-
methanamine, p- or m-xylene, pyridine, sulfur dioxide, and trimethylamine. We detected
at least five VOCs exclusively from the production area, including octane, 1,1,3-trimethyl
cyclohexane, dimethyl cyclohexane/isomer, ethyl cyclohexane, and 2-methyl-2-propanamine.
Safety data sheets provided by the company indicated that styrene and 3-methyl-pentane
might be respiratory sensitizers, and some detected VOCs such as acetaldehyde, heptane,
naphthalene, phenol, p-isopropyltoluene, pyridine, and tetrachloroethylene might be skin
sensitizers.

Medical Survey Results — June 2017

Demographics

Of the 649 employees listed on the roster, 365 (56%) participated in the medical survey.
Interpreters were required for 139 participants, including Arabic (7%, n=26), Burmese (20%,
n=72), Spanish (10%, n=36), and Vietnamese (1%, n=5). The majority of participants were
male (65%) and white (51%), with a median age of 44 years and a median tenure at the
company of 3.3 years; 150 (41%) were current or former smokers (Table 3).
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One participant did not complete the questionnaire. Of the 364 participants who completed
the questionnaire, 301 (83%) reported spending more than five hours each shift in the
production area (mixing, extrusion, or finishing departments). A department list, made from
the employee roster, was provided during the questionnaire, and participants reported they
worked in the following departments: administrative (3%, n=12), containment (1%, n=4),
corporate (5%, n=20), extrusion (17%, n=63), finishing (60%, n=217), indirect (5%, n=19),
maintenance (2%, n=9), mixing (3%, n=12), and shipping (2%, n=8) (Table 3). Fourteen
participants (4%) reported changing jobs, job duties, or work areas at this facility because of
breathing problems. Ten (71%) of the 14 participants who reported changing jobs, job duties,
or work areas because of breathing problems worked in molding and finishing. Because
extinguishing production area fires was reported as a source for breathing trouble during the
informal interviews, a question was added to the questionnaire about participating in fire
responses. Fifty-two (14%) participants reported extinguishing fires in the past 12 months,
with 34 out of 52 (65%) reporting they participated in two or more fire responses.

Symptoms and Self-Reported Diagnoses

The prevalence of self-reported symptoms over the last 12 months at the time of the survey
are listed in Table 4. Upper respiratory symptoms were the most commonly reported
symptoms (74%, n=269) (Table 4). Stufty, itchy, or runny nose (60%, n=218) was the most
commonly reported upper respiratory symptom. Of the 269 participants who reported upper
respiratory symptoms, 160 reported their symptoms improved when away from work.
Eighty-five participants answered the question “is there anything at work that causes or
aggravates these nose symptoms?” Of the 218 participants that reported stufty, itchy, or runny
nose symptoms, 85 reported their nasal symptoms were caused or aggravated by the spray
coating applied during the molding and finishing process, smoke in the production area,
smoke from the extrusion ovens, or smoke from the extrusion process.

Of the 52 participants who were involved in extinguishing fires, 42 (81%) reported one or
more upper respiratory symptoms, and 33 (63%) had work-related symptoms. The most
common work-related upper respiratory symptoms for participants involved in extinguishing
fires included stuffy, itchy, or runny nose (46%, n=24) and episodes of sneezing (31%, n=16)
(data not shown in Table).

Lower respiratory symptoms in the last 12 months were reported by 229 (63%) participants
(Table 4). Chest wheezing or whistling was the most commonly reported lower respiratory
symptom (26%, n=95) closely followed by shortness of breath on level ground or walking
up a slight hill (25%, n=92) and trouble with phlegm (25%, n=92). Work-related lower
respiratory symptoms were reported by 103 (28%) participants. Breathing trouble was the
most commonly reported work-related lower respiratory symptom (13%, n=46) followed
closely by trouble with phlegm (12%, n=42) and usual cough (11%, n=40).

When evaluating work-related symptoms by department, work-related symptoms (e.g.,

respiratory, eye, or skin) were generally higher in extrusion, finishing, and mixing
departments than in non-production departments (Table 5).
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Sixty-one participants (17%) reported a diagnosis of hay fever or nasal allergies, and eighty-
four (23%) reported sinusitis or sinus infection. Almost half of the employees were first
diagnosed with hay fever/nasal allergies (40%, n=24) or sinus infection (54%, n=42) by

a physician or healthcare provider after starting employment at the rubber manufacturing
facility (Table 6).

Thirty-one participants (8.5%) reported a diagnosis of asthma, 21 (6%) reported chronic
bronchitis, and five (1%) reported COPD (Table 6). Of the 31 participants, who reported

a diagnosis of asthma by a physician or healthcare provider, 25 had experienced one or

more asthma symptoms in the previous 12 months, and nine were diagnosed after starting
employment at the rubber manufacturing facility. All participants with COPD were diagnosed
after beginning employment at the rubber manufacturing facility.

Medical Tests

Most (89%) spirometry tests were normal; 25 (7%) spirometry were interpreted as having a
restrictive pattern, seven (2%) an obstructive pattern, and two (1%) a mixed pattern (Table
7). Of the 363 participants that completed 10S, 249 (69%) were interpreted as normal;

63 (17%) were interpreted as consistent with a small airways abnormality; 33 (9%) were
interpreted as consistent with large airways abnormality, and 18 (5%) were interpreted as
consistent with small and large airways abnormalities. Of the 347 participants that completed
FENO, 15 (4%) had elevated test results. Of the 31 participants who reported asthma, two
had spirometry tests with an obstructive abnormality, and eight (25%) had 10S interpreted as
consistent with a small airways abnormality.

Complete Blood Count

Of the 352 participants who had their blood drawn, 29 had white blood cell count results
interpreted as above the normal limits; 23 (7%) participants had an absolute eosinophil
count above the normal limits. Fourteen (61%) of the 23 participants with elevated absolute
eosinophil counts reported their current department as finishing (data not shown in Table).

NHANES Comparison of Symptoms, Diagnoses, and Spirometry Results

Compared with the U.S. general population, medical questionnaire survey participants were
2.5 (95% CI= 2.1-3.1) times more likely to report wheeze and 1.5 times more likely to report
shortness of breath on level ground (95% CI=1.2-1.9) (Table 8). Participants were 1.3 (95%
CI=1.1-1.5) times more likely to report stufty, itchy, or runny nose in the last 12 months
compared with the U.S. general population.

Participants from extrusion, finishing, and non-production departments were 1.2 to 1.4 times
more likely to report stuffy, itchy, or runny nose compared with the general population (Table
9). Participants who worked in the finishing department were 1.8 times more likely to report
shortness of breath on level ground and 1.6 times more likely to report chronic bronchitis
compared with the general population. Participants that worked in extrusion, finishing, or
mixing were 1.8 to 3.7 times more likely to report wheeze in the last 12 months compared
with the general population. Employees involved in extinguishing fires were 3.0 times more
likely to report wheeze in the last 12 months compared with the U.S. general population
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(data not shown in table). In addition, there was not an excess of obstructive spirometry
abnormalities in comparison to the general U.S. population, adjusted for age distribution,
race/ethnicity, sex, and smoking history (Table 10).

Results of Multiple Regression Models of Symptoms and Lung Function Test Results by
Production and Non-production Departments

Participants who reported working in extrusion had a significantly higher prevalence of
work-related breathing trouble (PR = 3.7, 95% CI = 1.5-9.4) and one or more work-related
upper respiratory symptoms (1.8, 95% CI = 1.0-3.0) compared with those in non-production
departments (Table 11). Participants who reported working in mixing had a significantly
higher prevalence of one or more work-related upper respiratory symptoms (2.8, 95% CI =
1.3-6.0), work-related skin symptoms (7.4, 95% CI = 2.3-24.2), trouble with phlegm (4.1,
95% CI =1.1-14.6), and usual cough (4.3, 95% CI = 1.2-15.2) compared with those in non-
production departments. Participants who reported working in finishing had a significantly
higher prevalence of work-related sinusitis or sinus problems (2.8, 95% CI = 1.0-27.9)
compared with those in non-production departments.

The mean medical test parameters for spirometry, [0S, and FENO were normal for all
departments (Table 12). The mean percent predicted FEV1, mean FEV1/FVC ratio, and
mean airway resistance at SHz were significantly lower (-0.6, 95% CI=-1.0 —-0.1) for
participants who worked in extrusion compared with participants in a non-production
department. Participants that worked in finishing had a significantly higher mean FEV1/FVC
ratio (2.6, 95% CI=0.6-4.3) and lower mean FENO (-5.5, 95% CI=-9.6 — -1.4) compared
with those in non-production (Table 12). Eight participants who reported working in the
shipping department had a mean percent predicted FEV1 (84.7) and mean FEV1/FVC (74.9)
significantly lower than the mean percent predicted FEV1 (98.9) and FEV1/FVC (81.0) for
all other departments (data not shown in table).

Ventilation Assessment Results — March 2018

Fog testing was conducted at every LEV capture point (unless inaccessible) along all CV and
SDM production lines, the off-line spray booths in various finishing areas, and the mixing
facility. The results from the qualitative fog testing are highlighted in Tables 13—17. With

the exception of canopy hoods, most of the LEV systems throughout the plant, including all
spray booths, provided good capture of released contaminants.

Other observations from the ventilation assessment were:
1. Attimes, the CV or SDM production lines were operated with the oven doors open,
which have a negative effect on the associated LEV systems.

2. The vertical distance between the rubber production lines and canopy hood openings
on all respective production lines seemed excessive, which resulted in poor capture of
contaminates at those locations.

3. Individual slot vents associated with the CV ovens were often caked with debris,
which could impact the efficiency of LEV systems.
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4. Under certain conditions, when outside air was being supplied to the facility,
significant cross-drafts were created that significantly impacted the effectiveness of
LEV systems. This was particularly noticeable throughout the middle CV lines.

5. There were no LEV labels visible inside the production facility. The rooftop
ventilation equipment was often labeled incorrectly.

6. Many of the exhaust stacks on the roof were at nearly the same height as air intakes
that bring outdoor air into the facility, increasing the likelihood of re-entrainment of
contaminated air into air intakes under certain outdoor environmental conditions.

7. At the time of testing, the production area was appropriately negative to all key
adjacent non-production spaces (Table 14). This means that air was flowing from the
cleaner, non-production spaces into the production spaces.

Discussion

Rubber manufacturing uses hundreds of different types of chemicals depending on the
desired final product. During the rubber manufacturing process, many different dusts, gases,
vapors, mists, fumes, and chemical byproducts are produced [McMichael et al. 1976; Jonsson
et al. 2008; IARC 2012]. Rubber manufacturing emissions contain known respiratory
irritants and sensitizers that can lead to long-term respiratory problems [Governa et al. 1987;
Zuskin et al.1996; Akca et al. 2011]. For other rubber manufacturing emission components,
the respiratory exposure effects are unknown. Many of the known and unknown respiratory
hazards found in rubber manufacturing emissions do not have established occupational
exposure limits.

Industrial hygiene survey

Although we cannot directly compare our time-integrated area measurements of VOCs at

a fixed location to OELSs for personal exposure during the work shift, 11 individual VOC
concentrations with available OELs, that were quantified from the VOC list of EPA TO-17
method, were all much lower than the OSHA PELs, NIOSH RELs, or ACGIH TLVs (lower
than 0.05% of the lowest OEL). We detected more than 90 VOC:s in air from our survey;
however, no OELs exist for 67 of the VOCs detected in the survey.

We found that the number of submicron particulates measured in real time exceeded the
upper limit of detection (500,000 particles per cubic centimeter) of the direct reading device
in five of the 10 locations. The EPA reported in a draft document for public review that short-
term exposure to ultrafine particles (aerodynamic diameter < 0.1um) likely causes nervous
system effects, and there is also suggestive evidence that short- and long-term exposures to
ultrafine particles are causally associated with cardiovascular, respiratory, nervous system,
and metabolic effects [EPA 2018]. However, there is currently no OELs for submicron
particulate matters.

A review of safety data sheets provided by the company and published scientific literature
indicates that styrene and 3-methyl-pentane might be respiratory sensitizers and that
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some of the VOCs such as acetaldehyde, 5-ethyledene-bicyclo[2,2,1]hept-2-ene, N,N-
dibutylformamide, heptane, naphthalene, phenol, p-isopropyltoluene, pyridine, and
tetrachloroethylene might be skin sensitizers [Zeliger 2011]. In addition, many of the
detected VOCs are respiratory irritants.

Each of the 10 samples collected from mixing, extrusion, and finishing departments detected
at least 36 different VOCs, indicating mixed exposures of employees to those chemicals
along with emission particles and fumes. In a situation of mixed exposure, the mixture can
alter the expected health effects of individual respiratory irritants and sensitizers [Schwartz
et al. 1996; Penn et al. 2005]. Previous studies have also indicated mixed exposures might
increase the likelihood of non-malignant respiratory disease [Schwartz and Dockery 1996;
Penn et al. 2005]. Therefore, there is always a possibility of synergistic, potentiated, or
additive effects among the multiple chemicals in the exposed workers [Alessio 1996; Zeliger
2003]. This indicated, that although past exposures to individual VOCs are well below the
OEL and individuals might have little to no known respiratory health effects, simultaneous or
sequential exposure to multiple contaminants of VOCs, particles, and fumes might produce
adverse health effects through these toxicodynamic interactions. Thus, it is important to
minimize employee exposure to rubber manufacturing emissions through engineering
controls such as maintaining a good ventilation system.

Medical survey

From our medical survey and subsequent data analyses, we found that 1) compared with
the U.S. general population, there was an excess in lower respiratory symptoms (wheeze
and shortness of breath on level ground) and nose symptoms (stuffy, itchy, or runny nose)
in survey participants; 2) the excess of those symptoms was found in participants from all
three production departments and non-production departments; 3) 59% of participants who
reported one or more upper respiratory symptoms and 45% of those who reported one or
more of lower respiratory symptoms also reported their symptoms improved when away
from work, indicating a potential association between their symptoms and the workplace
environment; and 4) compared with those from non-production departments participants
from mixing and extrusion departments reported significantly higher prevalence of one or
more work-related upper respiratory symptoms, those from extrusion department reported
significantly higher prevalence of work-related breathing trouble, and those from finishing
and mixing departments reported significantly higher work-related sinusitis/sinus problems.
Although we cannot conclude the excess of respiratory symptoms among the participants
of the medical survey from this rubber manufacturing facility is causally-related to an
occupational exposure, the results from our medical survey were consistent to those from
previous studies at other rubber manufacturing facilities [Thapa et al. 2019]; thus, indicating
rubber manufacturing might be associated with respiratory symptoms and non-malignant
respiratory disease.

Over 80% of the medical survey participants reported spending more than five hours a day
in the production area of this rubber manufacturing facility. Previous studies have reported
rubber manufacturing workers are at risk for acute and chronic respiratory symptoms because
of exposure to the suspended particles, fumes, and VOCs [doPico et al. 1975; Fine and Peters
1976a; Fine and Peters 1976b; Fine and Peters 1976¢; Fine et al. 1976; Gamble et al.1976;
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Korn el al 1978; Weeks et al. 1981a; Weeks et al. 1981b; Bascom et al. 1988; Tarlo 1992;
Zuskin et al 1996; Kato and Leki 2005; Neghab et al. 2007; Akca et al 2011; Neghab et al.
2011; Attarchi et al. 2013]. A prospective cohort study by Lednar et al. followed a cohort of
actively employed rubber workers over 10 years and reported a higher rate of pulmonary
disability among workers in extrusion and curing process work areas compared with a control
group [Lednar et al 1977]. Furthermore, a rubber manufacturing study by Attarchi et al.,
which reported significantly higher prevalence of respiratory symptoms among production
workers compared with non-production workers, reported the highest concentrations of
respirable dust in the extrusion and curing areas of the facility [Attarchi et al. 2013]. Rubber
manufacturing emission exposure varies based on the type of rubber being produced;
however, regardless of the type, rubber manufacturing workers can be exposed to mixture of
numerous respiratory irritants in the form of gases, particles, and fumes [Akca et al. 2011].

In 2019, NIOSH investigators published a systematic review and meta-analysis of non-
malignant respiratory disease among workers in rubber manufacturing. This study identified
11 case reports of respiratory conditions, 30 cross-sectional studies, and 26 mortality studies
[Thapa et al. 2019]. All 30 of the cross-sectional studies had evidence of an association
between exposure to rubber manufacturing emissions and respiratory symptoms with 15 of
the cross-sectional studies having a statistically significant higher prevalence of respiratory
symptoms compared with controls [Fine and Peters 1976a; Fine and Peters 1976b; Fine and
Peters 1976c¢; Fine et al. 1976; Gamble et al.1976a; Gamble et al.1976b; Weeks et al. 1981a;
Weeks et al. 1981b; Bascom et al. 1988; Tarlo 1992; Zuskin et al 1996; Jonsson et al. 2007;
Neghab et al. 2007; Jonsson et al. 2008b; Jonsson et al. 2009; Neghab et al. 2011; Attarchi et
al. 2013]. Similar to our medical survey, respiratory symptoms reported among these cross-
sectional studies included nasal congestion, shortness of breath, cough, sputum production,
trouble breathing, wheeze, chest tightness, and chest irritation. Additionally, 10 cross-
sectional occupational studies of exposure to rubber manufacture emissions have identified
higher prevalences of non-malignant respiratory disease including sinusitis, pharyngitis,
chronic bronchitis, emphysema, COPD, and asthma [Fine and Peters 1976a; Fine and Peters
1976b; Fine and Peters 1976c¢; Fine et al. 1976; Gamble et al.1976a; Lednar et al. 1977;
Sparks et al. 1982; Thomas et al. 1986; Alexandersson et al. 1989; Zuskin et al. 1996; Meijer
et al. 1998; Hnizdo et al. 2002].

Participants of the medical survey conducted at this facility were 2.5 times more likely to
report wheezing or whistling in their chest in the last 12 months compared with the U.S.
general population. Among the 30 cross-sectional studies identified in the NIOSH systematic
review, 14 (47%) reported an association with wheeze or whistling in the chest and exposure
to rubber manufacturing emissions [Thapa et al. 2019]. Although there is a wide variation
among rubber manufacturing processes, participants in these studies commonly reported
working in the vulcanizing area, molding, thermoinjection process, curing process, and
mixing [Fine and Peters 1976a-c; Bascom et al. 1988; Meijer et al. 1998; Jonsson et al 2007;
Jonsson et al. 2009; Jonsson et al. 2009; Neghab et al 2011; Attarchi. et al 2013].

We found the prevalence of upper respiratory symptoms was generally higher than the

prevalence of lower respiratory symptoms in those who participated in the medical survey.
Over 40% of the medical survey participants reported one or more work-related upper
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respiratory symptom. In addition, in all three production departments prevalence of work-
related nose or eye symptoms, or sinusitis/sinus problems were significantly higher than

in non-production workers. Although lower respiratory symptoms are more commonly
associated with non-malignant respiratory disease, upper respiratory symptoms sometimes
precede lower respiratory symptoms and the diagnosis of non-malignant respiratory disease
such as asthma [Shaaban et al. 2008; EAACI Task Force on Occupational Rhinitis et al.
2008; Park et al. 2012; Rondon et al. 2012; Sahay et al. 2016]. Previous studies have
indicated the risk of asthma is greater in individuals with chronic upper respiratory symptoms
[Huoviene et al. 1999; Guerra et al. 2002; Fox and Lockey 2003; Koh and Kim 2003; Togias
2003; Volcheck 2004; Krouse et al. 2007]. Therefore, considering that upper respiratory
symptoms can potentially progress to lower respiratory illnesses and the employees of

this facility had significantly increased prevalence of upper respiratory symptoms with
work-related patterns in more than half of them, over time employees at this facility might
experience an increase in lower respiratory symptoms. A medical monitoring program

might help identify early signs of lower respiratory symptoms and lower respiratory disease
including asthma and COPD.

We found that employees who participated in fire extinguishing had a higher prevalence of
work-related upper respiratory symptoms compared with employees who did not participate
in extinguishing fires. Furthermore, employees who participated in fire responses reported
exposure to high levels of smoke while extinguishing the fires. Firefighter occupational
studies have indicated exposure to particulates including smoke and fumes is associated with
increased rates of non-malignant respiratory disease [Kim et al. 2012; Schermer et al. 2014].
Smoke exposure levels combined with prevalence of work-related respiratory symptoms
indicate employees who respond to facility fires might have a higher risk for developing
non-malignant respiratory disease and respiratory protection should be considered to protect
employees who respond to production area fires.

Five medical survey participants reported being diagnosed with COPD since starting
employment at the rubber manufacturing facility. Although smoking and genetics are
commonly recognized risk factors for COPD, previous studies have identified occupational
and environmental exposures as commonly under-recognized risk factors [Lange et al.
1989; Lindberg et al. 2005; Fishwick et al. 2013; Halldin et al. 2015]. Furthermore, 15 to 19
percent of all COPD cases are caused by occupational exposures [Balmes et al. 2003; Blanc
and Toren 2007; Toren and Blanc 2009; Bang et al. 2013; Vestbo et al 2013]. Research has
indicated occupational environments with inhalation exposure to dusts, fumes, and gases
might increase the risk for COPD [Vestbo et al 2013]. Additionally, rubber manufacturing
was identified as one of the industries associated with a high prevalence of COPD [Fine and
Peters 1976a; Lednar et al. 1997; Korn et al. 1978; Hnizdo et al 2002]. Although all five
COPD cases were diagnosed in employees after they began working at the facility, because
of the complexity of rubber manufacturing emission exposures and the limits of the type of
data we collected, we were not able conclude any of the COPD cases were work-related.

The respiratory symptoms and breathing test abnormalities observed in the medical survey

participants are not specific to a particular respiratory problem or disease. Although the
prevalence of some symptoms was greater than in the general population, we cannot prove
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causal association between workplace exposure and respiratory symptoms. Additionally,
the median tenure for employees who participated in the medical survey was 3.3 years. This
short tenure might indicate a healthy worker effect, which describes a phenomenon where
employees tend to be healthier than the general public, because employees who are ill leave
the workforce or move to a different job if their current job causes severe health symptoms.
The healthy worker effect might explain why there was not a significant difference in lung
function tests compared with the general population, and better lung function tests results
among production (extrusion and finishing) employees compared with non-production
employees. Working in rubber manufacturing can be a physically demanding job for most
production (extrusions, finishing, and mixing) employees; employees with decreased lung
function can move to less physically demanding jobs or to another industry entirely because
of difficulty breathing.

Ventilation

With the exception of the canopy hoods, the LEV systems throughout the plant provided
good capture of released contaminants. The marginal to poor performance of the canopy
hoods was attributable to the hood height related to the rubber production lines (i.e., source
of emissions) moving under the hood. Shortening the vertical distance between the rubber
and the hood opening or adding a curtain might improve the canopy hoods performance.
During our assessment, we noted the LEV systems associated with the ovens worked best
when the oven doors were closed. Additionally, we noted significant cross-drafts when
outside air was supplied to the facility under certain conditions. The cross-drafts altered
the effectiveness of the LEV systems, especially in the middle CV lines. These cross-drafts
reinforce the importance of keeping the oven doors closed as much as possible while the CV
lines are running.

Air flows between two spaces from the area of higher pressure (or “positive” pressure) to
the area of lower pressure (or “negative” pressure). Using fog allowed us to visualize the
direction of the air flow around doors between these adjacent spaces and visually determine
the pressure relationship between them. Generally, the production area would be expected
to have the highest concentrations of airborne contaminants. To keep these contaminants
confined to the production area and prevent them from spreading into adjacent areas, the
production area should be maintained under negative pressure relative to the adjacent
spaces (or the adjacent spaces should be maintained under positive pressure relative to

the production area). This would ensure that air from the adjacent spaces flows into the
production area. Our results demonstrated that the production area was appropriately
negative to all key adjacent spaces, at least under the conditions of our testing. While these
are the desired results, it should be noted that any changes in ventilation system operation in
either area (e.g., supplying more outdoor air to production, an air-handling unit in the break
room cycling off, etc.) or propping doors open could easily affect the pressure relationships,
resulting in air flowing in the wrong direction. Doors between the production spaces and all
adjacent areas should be kept closed whenever possible.

Hot Work Environments

During our voluntary, confidential interviews with employees in January 2017, some
participants reported concerns about the excessive heat in the production area during the
summer months. During that same visit, management reported passing out popsicles to
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employees during summer months to help with the heat in the production areas. During

this health hazard evaluation, we did not evaluate heat in the facility during the summer
months. However, in general, workers who work in hot environments, such as fire fighters,
bakery workers, farmers, construction workers, surface miners, boiler room workers, factory
workers, and others, can be at risk for heat stress [NIOSH 2016, 2018]. Exposure to extreme
heat can result in occupational injuries and illness including death. The NIOSH document,
Criteria for a Recommended Standard: Occupational Exposure to Hot Environments [NIOSH
2016] has helpful information on keeping workers safe in hot work environments, including
information on personal protective equipment and clothing that can be used to control heat
stress. NIOSH also has a webpage (https://www.cdc.gov/niosh/topics/heatstress/default.html)
on heat stress with links to additional resources [NIOSH 2018].

Limitations

This health hazard evaluation was subject to limitations. First, because of the complexity of
rubber manufacturing emissions, we did not perform a comprehensive exposure assessment
for individual workers. Therefore, our epidemiologic analyses were limited to using work
department information as a surrogate measure for exposure, which might have created
random misclassification in actual exposure. This nondifferential misclassification, if
present, tends to underestimate true associations between exposures and health outcomes.
Second, the health data collected was self-reported information from employees who
volunteered to participate in the medical survey, possibly subjecting our epidemiologic
analyses to information bias. One of the most common types of information bias is recall bias
where participants are more likely to report an exposure or symptom. However, the upper
respiratory symptom results of our medical survey are similar to the respiratory symptoms
reported in previous rubber manufacturing worker studies [Thapa et al. 2019].

Conclusions

None of the area sample VOC measurements identified and quantified, with EPA TO-17
method during the walkthrough survey, were above available OELs for personal exposures.
However, we cannot directly compare our area air sample measurements at fixed locations
to OELs for personal exposures measured in workers’ breathing zones during their work
shifts. However, simultaneous or sequential exposures to multiple VOCs, particles, and
fumes in the workplace might produce adverse health effects in exposed employees through
the toxicodynamic mechanisms of synergistic, potentiated, or additive effects. A higher
prevalence of upper and lower respiratory symptoms compared with the U.S. general
population were reported among production and non-production employees who participated
in the medical survey. More than 40% of the symptomatic employees reported that their
symptoms were caused or aggravated by work-related processes including the spray coating
applied during the molding and finishing process, smoke in the production area, smoke

from the extrusion ovens, or smoke from the extrusion process. All these findings might
indicate there is an excess of respiratory symptoms in employees of the facility, which might
be associated with workplace environments, especially production departments although

we were not able to prove the causal associations. It will be important to maintain good
ventilation systems and implement a medical monitoring program to identify early signs of
non-malignant respiratory disease including asthma and COPD.
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Recommendations

On the basis of our findings, we recommend the actions listed below. Our recommendations
are based on an approach known as the hierarchy of controls. This approach groups actions
by their likely effectiveness in reducing or removing hazards. In most cases, the preferred
approach is to eliminate hazardous materials or processes and install engineering controls
to reduce exposure or shield employees. Until such controls are in place, or if they are not
effective or feasible, administrative measures and personal protective equipment might be
needed.

Engineering Controls

Engineering controls reduce employees’ exposures by removing the hazard from the process
or by placing a barrier between the hazard and the employee. Engineering controls protect
employees effectively without placing primary responsibility of implementation on the
employee.

1. Operate the CV or SDM production lines with the oven doors closed to improve the
effectiveness of the associated LEV systems.

2. Shorten the vertical distance between the rubber production lines and canopy hood
openings on all respective production lines. If that is impractical, consider adding curtains
to extend the effective range of the canopy hoods to achieve better capture of airborne
contaminants at those locations.

3. Keep slot vents associated with the CV ovens cleaned, particularly during quarterly
preventive maintenance cycles, to maintain efficiency of LEV systems.

4. When future modifications are made to outdoor air delivery systems, ensure the air
supplied to the factory space is diffused in a manner to minimize cross-drafts that alter the
effectiveness of the LEV systems.

5. Label exhaust points inside the facility and on the roof accurately to make identifying and
troubleshooting potential problems easier.

6. Consider raising roof stack heights during ventilation system renovations to reduce the
potential for re-entrainment of contaminated air back into the production space.

7. As it was during the ventilation assessment, maintain the production area under negative
pressure relative to adjacent nonproduction spaces (including the break room) at all times.
This will minimize the potential for airborne contaminants generated in the production
space to flow to other adjacent spaces where employees can spend significant amounts
of time. Doors between the production areas and adjacent spaces should be kept closed
at all times. This negative pressure relationship should be maintained during and after all
planned ventilation system renovations.

Administrative Controls

Administrative controls are employer-dictated work practices and policies implemented

to reduce or prevent hazardous exposures. Their effectiveness depends on employer
commitment and employee acceptance. Regular monitoring and reinforcement are necessary
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to ensure that policies and procedures are followed consistently.

1. Ensure employees understand potential health effects of exposures (e.g., carbon black,
rubber manufacturing emissions, VOCs, CO, CO2, heat stress) in the workplace and
how to protect themselves. OSHA’s Hazard Communication Standard, also known as
the “Right to Know Law” [29 CFR 1910.1200], requires that employees are informed
and trained on potential work hazards and associated safe practices, procedures, and
protective measures.

2. Ensure employees are educated to consider the risks of further exposure if they develop
respiratory symptoms (e.g., cough, shortness of breath, wheezing) that are progressive
and severe in degree. Employees should report new, persistent, or worsening symptoms
to their personal healthcare providers and to a designated individual at this workplace.
Employees with new, persistent, or worsening symptoms should also share this report
with their healthcare providers.

3. Ensure all employees have and understand the health and safety communication
materials. Among the medical survey participants, 38% spoke and read Arabic, Burmese,
or Spanish, and requested or needed an interpreter to participate. Use infographics or
translate health and safety information into common languages spoken at the facility.

Personal Protective Equipment

Personal protective equipment in the form of respiratory protection is considered the least
effective means for controlling hazardous respiratory exposures because breakdowns in
implementation can result in insufficient protection. Proper use of respiratory protection
(respirators) requires a comprehensive respiratory protection program and a high level of
employee and management involvement and commitment to assure that the right type of
respirator is chosen for each hazard, respirators fit users and are maintained in good working
order, and respirators are worn when they are needed. Supporting programs such as training,
change-out schedules, and medical assessment might be necessary. Respirators should not be
the sole method for controlling hazardous inhalation exposures. Rather, respirators should be
used until effective engineering and administrative controls are in place.

1. Respiratory protection is a potential option to further reduce exposures to smoke and
rubber manufacturing emissions for employees. Because participants who reported
responding to production area fires had a higher prevalence of work-related upper
respiratory symptoms compared with participants who did not assist with extinguishing
fires, respiratory protection should be considered for employees who participate in
extinguishing fires. If respiratory protection is used, NIOSH-certified respirators should
be fitted with organic vapor cartridges and particulate filters. The choice of respirator
should be guided by a personal exposure sampling for rubber manufacturing emissions
[NIOSH 2004]. Respirators have assigned protection factors (APF). APF refers to the
highest level of protection a properly selected respirator can provide. For instance, air-
purifying half-face respirators have an APF of 10, and air-purifying full-face respirators
have an APF of 50. Also, there are powered-air purifying respirators that have APFs of
25, 50, or 1000. The OSHA APFs can be found in Table 1 of OSHA Respiratory
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Protection Standard at https://www.osha.gov/pls/oshaweb/owadisp.show_document?p _
1d=12716&p_table=STANDARDS.

If mandatory respiratory protection is used, a written respiratory protection program is
required by the OSHA Respiratory Protection Standard (CFR 29 1910.134), or the equivalent
state standard in states with Federal OSHA-approved State Occupational Safety and Health
plans.

Medical Monitoring

The purpose of a medical monitoring program is to help assure the health of employees
who have workplace exposures (e.g., rubber manufacturing emissions) known to pose risk
for potentially serious health conditions such as asthma or COPD.

1. Institute a medical monitoring program for employees who work or assist in the
production area (extrusion, finishing, or mixing). The medical monitoring program should
consist of evaluation with a questionnaire (to obtain health and work task information)
and spirometry (to assess lung function) at baseline to establish employees’ baseline
in lung function followed by annually to monitor for respiratory symptoms and any
abnormal decline in lung function. Subsequently, an annual questionnaire evaluation
should occur to monitor for respiratory symptoms. New or worsening respiratory
symptoms should prompt additional medical evaluation including spirometry.

Smoking Cessation Program

In a workplace with risk of occupational lung disease, prevention of smoking-related lung
disease is important and makes the detection of work-related adverse effects easier. We
recommend implementing a smoking cessation program to assist employees to stop smoking.
The Centers for Disease Control and Prevention offers tools and resources for setting up a
smoking cessation program [CDC 2018b].
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Table 3. Characteristics of participants (n=364*), NIOSH medical survey, July 2017

No. (%)
Sex
Male 235 (65)
Female 129 (35)
Questionnaire language
English 225 (62)
Burmese 72 (20)
Spanish 36 (10)
Arabic 26 (7)
Vietnamese 5(DH
Department
Administrative 12 (3)
Containment 4(1)
Corporate 20 (5)
Extrusion 63 (17)
Finishing 217 (60)
Indirect 19 (5)
Maintenance 9(2)
Mixing 12 (3)
Shipping 8(2)
Smoking status
Never 214 (59)
Former 71 (20)
Current 79 (22)
Median age (years) 43 (Range: 19-68)
Median tenure (years) 3 (Range: 0.1-32)

Note: NIOSH=National Institute for Occupational Safety and Health.

*Number of employees who completed the questionnaire.

TWorkers who answered “yes” to the question “have you ever been told by a physician or other healthcare provider
that you have asthma?”
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Table 4. Prevalence of reported symptoms, NIOSH medical survey, June 2017 (N=364%)

Symptom Overall Work-related
Number (%) Number (%)
Stuffy, itchy, or runny nose 218 (60) 85 (23)
Sneezing episodes 157 (43) 67 (18)
Nose bleeds 50 (14) 22 (6)
Nose symptoms' 252 (69) 147 (40)
Sinusitis or sinus problems 100 (27) 30 (8)
Burning throat 59 (16) 28 (8)
Upper respiratory symptoms™” 269 (74) 160 (44)
Chest wheezing or whistling 95 (26) 38 (10)
SOB on level ground or 92 (25) —
walking up a slight hill

Breathing trouble 84 (23) 46 (13)
Awoke with chest tightness 53 (15) 31(9)
Awoke with SOB 43 (12) 21 (6)
Usual cough 85 (23) 40 (11)
Cough attacks 82 (23) 36 (10)
Trouble with phlegm 92 (25) 42 (12)
Asthma attack 20 (5) 8(2)
Lower respiratory symptoms’* 229 (63) 103 (28)
Eye symptoms' 141 (39) 66 (18)
Skin symptoms 60 (16) 28 (8)

Note: NIOSH=National Institute for Occupational Safety and Health; N=Number of participants; SOB=shortness of
breath

Work-related="better” response to “when you are away from this plant on days off or on vacation, is the symptom
better, same or worse, or “yes” response to “Is there anything at work that causes or aggravates the symptom”.
*Number of employees who completed the questionnaire.

tNose symptoms include one or more of the following: 1) stuffy, itchy, or runny nose, 2) episodes of sneezing, or 3)
episodes of nose bleeds.

**Upper respiratory symptoms include one or more of the following: 1) stuffy, itchy, or runny nose; 2) episodes of
sneezing; 3) episodes of nose bleeds; 4) sinusitis or sinus problems; or 5) burning throat.

ttLower respiratory symptoms include one or more of the following: 1) cough attacks; 2) awoke with chest
tightness; 3) awoke with shortness of breath; 4) chest wheezing or whistling; 5) asthma attack; 6) breathing trouble;
7) trouble with phlegm; or 8) shortness of breath on level ground or walking up a slight hill in past 12 months.

|| Eye symptoms include watery, itchy, or sore eyes.
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Table 6. Prevalence of reported respiratory diagnoses, NIOSH medical survey, June 2017
(N=364%)

Diagnosis Number (%)
Sinusitis or sinus infections 84 (23)
Hay fever or nasal allergies 61 (17)
Asthma 31 (9)
Chronic bronchitis 21 (6)
COPD 5(1)
Emphysema 3(0.8)

Note: NIOSH=National Institute for Occupational Safety and Health; N=number of participants; COPD =
chronic obstructive pulmonary disease.

Work-related=better response to “when you are away from this plant on days off or on vacation, is the symptom:
better, same or worse or yes response to “Is there anything at work that causes or aggravates the symptom”
*Number of employees who completed the questionnaire.
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Table 7. Lung function tests results of medical survey participants, NIOSH medical survey, June 2017

Number (%)
Spirometry (N=345%)
Obstruction 7(2)
Restriction 25(7)
Mixed, n (%) 2 (1)
Low FEV , normal ratio and volume 3(1)
FEV, % predicted, mean (range) 99 (49-134)
FVC % predicted, mean (range) 99 (56-134)
FEV /FVC %, mean (range) 81 (49-94)
Impulse oscillometry (N=363%)
Normal 249 (69)
Small airways abnormality 63 (17)
Large airways abnormality 33(9)
Small and large airways abnormality 18 (5)

R5Hz % predicted mean (range)_
R20Hz % predicted mean (range)_

126 (51-273)
124 (58-228)

X5, mean, kPa/(L/s). -0.1
R5-R20, mean (range)_ 19 (0-82)
FENO (N=347%)

Normal 332 (96)
Elevated 15 (4)

Note: NIOSH=National Institute for Occupational Safety and Health; N=number of participants; FEV1=forced
expiratory volume in one second; FVC=forced vital capacity; R5=resistance at 5 Hertz; R5-R20=difference between
resistance at 5 and 20 Hertz; R20=resistance at 20 Hertz; X5=reactance at 5 Hertz; kPa/(L/s)=kilopascals per liter
per second; FENO= fractional exhaled nitric oxide.

*Number of employees who completed spirometry.

I Number of employees who completed impulse oscillometry.

§Number of employees who completed FENO.
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Table 10. Adjusted* comparisons of spirometric results among NIOSH medical survey participants
(N=250)* with U.S. adult population, NIOSH medical survey, June 2017.

Test result Observed Expected SMR (95% CI)
Obstruction pattern 6 8.3 0.7 (0.3-1.6)
Restriction pattern 13 22.1 0.6 (0.3-1.0)
Mixed 2 4.4 0.5 (0.1-1.7)

Note: NIOSH=National Institute for Occupational Safety and Health;
*102 employee not included in National Health and Nutrition Examination Survey comparison because of
demographic characteristics.
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Table 17. Pressure relationships between two adjacent spaces, NIOSH ventilation assessment, March

2018.
Negative Pressure Space Direction of Air Flow Positive Pressure Space
Chemical Weigh Station — CV Area
Carbon Black Room — Mixing Area
Oil Storage Room — CV Area
SDM Area — Mezzanine above SDM Area
CV Area — Training Room and Mezzanine above CV Area
Finishing Area — Employee Break Room
CV Area — First Aid Room

Note: CV=continuous vulcanization; SDM=sponge dense metal.
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The Health Hazard Evaluation Program investigates possible health hazards in the workplace under
the authority of the Occupational Safety and Health Act of 1970 (29 U.S.C. § 669(a)(6)). The Health
Hazard Evaluation Program also provides, upon request, technical assistance to federal, state, and
local agencies to investigate occupational health hazards and to prevent occupational disease or
injury. Regulations guiding the Program can be found in Title 42, Code of Federal Regulations, Part
85; Requests for Health Hazard Evaluations (42 CPR Part 85).

Disclaimer

The recommendations in this report are made on the basis of the findings at the workplace evaluated
and might not be applicable to other workplaces.

Mention of any company or product in this report does not constitute endorsement by the National
Institute for Occupational Safety and Health (NIOSH).

Citations to Web sites external to NIOSH do not constitute NIOSH endorsement of the sponsoring
organizations or their programs or products. NIOSH is not responsible for the content of these Web
sites. All Web addresses referenced in this document were accessible as of the publication date.
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All other Health Hazard Evaluation Reports may be found at http://www?2a.cdc.gov/hhe/search.asp.
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