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EXECUTIVE SUMMARY

In response to a request from the National Labor-Management Committee for the
Custom Woodworking Industry to assist them in characterizing wood dust and
other occupational hazards that may be present in the custom woodworking
industry, National Institute for Occupational Safety and Health (NIOSH)
representatives conducted an industrial hygiene survey at the Jaff Brothers

Woodworks, Inc., Long Island City, New York facility on February 12 and 13,
1991.

Jaff Brothers Woodworks, Inc., is an architectural woodwork manufacturer that
produces custom wood office interiors for commercial and institutional
establishments. In the manufacture of these custom wood office interiors,
employees perform a wide variety of woordworking, assembly, and finishing
operations typical of the custom woodworking industry.

During the industrial hygiene survey, a total of 40 personal and general area
air samples were collected for total dust, dust size, organic vapors,
formaldehyde, and noise. Also, direct-reading total dust measurements were
made during several woodworking operations, relative humidity was measured
throughout the facility, and ventilation measurements were made at several
ventilated production operations.

The survey results indicated that overall, most employee exposures to airborne
dust, organic vapors, and formaldehyde were well controlled with local exhaust
ventilation and were below applicable NIOSH, American Conference of
Governmental Industrial Hygienists (ACGIH), and Occupational Safety and Health
Administration (OSHA) evaluation criteria. However, hand sanding operations
were not controlled with ventilation and resulted in employee exposures to
total dust exceeding the NIOSH and ACGIH criteria for wood dust of 1.0 mg/m
(work practices were observed to be important in predicting total dust
exposures). Also, the woodworking machinery was relatively noisy and resulted
in an employee noise exposure that exceeded the NIOSH and ACGIH criteria for
noise of 85 dBA. Additionally, four woodworking machines were found to have
defects in their local exhaust ventilation systems, adversely affecting dust
control, and the negative pressure of the production areas relative to the
outdoors indicated that the make-up air provided was insufficient for the
exhaust (this was exemplified by the backflow of air through the spray booth
when its exhaust fans were not operating).

Recommendations were provided to reduce employee exposures and included:

(1) establishing a respiratory protection program; (2) ensuring the use of
good work practices; (3) continuing the hazard communication program; (4)
establishing a hearing conservation program; (5) repairing ventilation defects
found in four woodworking machines; (6) operating the spray booth exhaust fans

during the workshift; and (7) evaluating the make-up air requirements for the
production areas.



INTRODUCTION

In June 1990, the National Institute for Occupational Safety and Health
(NIOSH) received a request from the National Labor-Management Committee for
the Custom Woodworking Industry (NLMC/CWI) to assist them in characterizing
exposures to wood dust and other occupational hazards that may be present in
the custom woodworking industry. In respense to this reguest, NIQSH
representatives conducted walk-through surveys at four custom woodworking
facilities in August 1990. These walk-through surveys were conducted to
familiarize NIOSH representatives with the custom woodworking industry and to
obtain sufficient information to plan an industrial hygiene characterization.
From the information obtained during these walk-through surveys, industrial
hygiene surveys were planned to be conducted at two of the facilities
previously visited. These two facilities were selected as being
representative of the NLMC/CWI membership based on the relative amount of
millwork and the diversity of the operations performed at them. One of the
two facilities selected was Jaff Brothers Woodworks, Inc., located in

Long Island City, New York.

As part of this effort, NIOSH representatives conducted a walk-through survey
at the Jaff Brothers facility on August 30, 1990, and later, conducted an
industrial hygiene survey there on February 12 and 13, 1991. The activities,
findings, and recommendations resulting from the industrial hygiene survey are
presented in this report.

BACKGROUND

Jaff Brothers Woodworks, Inc., is an architectural woodwork manufacturer that
produces custom wood office interiors for commercial and institutional
establishments. The overall design and dimension specifications for these
custom wood office interiors are usually provided by an architect. Depending
on the particular order, some functional or operational specifications may be
provided by the manufacturer. Since the final product is a custom wood office
interior, hardwoods are most commonly used in the manufacturing process.
However, composite wood products such as particle board and plywood are also
used as necessary. On occasion, veneers of very rare or exotic hardwoods may
be required,

The manufacture of a custom wood office interior begins with the preparation
of drawings for production of the interior components based on information
provided by an architect. These drawings are then used by the production
employees to manufacture the desired custom wood office interior. To prepare
the wood components of the custom office interior, a wide variety of
woodworking operations are utilized, such as sawing, shaping, jointing,
routing, boring, drilling, planing, and sanding. Several other specialized
woodworking operations may also be required, such as those needed for
dovetails, edges, hinges, veneers, and moldings. The individual wood
components are then assembled using nails, staples, screws, and glue as is
appropriate. The assembled wood components are then finished with a wide
variety of stains and lacquers as required. These stains and lacquers may be
applied either by hand or spray. Once completed, the custom office interior
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components are packaged to prevent damage in transit and shipped to the site
for installation.

Production began at the 32,000 ft? Jaff Brothers facility in 1929. The
manufacturing portion of this facility has five production areas: milling,
assembly, spray finishing, finishing, and veneer. There are also office,
shipping and receiving, and storage areas to support the production areas of
the facility. (A diagram of the Jaff Brothers facility is provided in

Figure 1.) At the time of the industrial hygiene survey in February 1991,
there were approximately 30 production employees working a 40-hour workweek on
a daily 7:45 a.m. to 4:15 p.m. workshift (inciuding a 30-minute lunch break).
The production employees are represented for bargaining purposes by the United
Brotherhood of Carpenters and Joiners of America (UBCJA) Local 1164,

METHODS

Ouring the walk-through survey of the Jaff Brothers facility on August 30,
1990, it was determined that potential exposures were present to wood dust
(predominantly hardwood dust), organic vapors (from the stains and lacquer
finishes), formaldehyde (from the adhesive used in producing veneers), and
noise (predominately in the milling area). This information was used to
develop the sampling strategy for the industrial hygiene survey conducted on
February 12 and 13, 1991, to characterize occupational exposures.

Therefore, during the industrial hygiene survey of the Jaff Brothers facility,
34 personal air samples were collected for total dust, dust size, organic
vapors, formaldehyde, and noise. Also, six general area air samples for
organic vapors and formaldehyde were collected. In addition, direct-reading
total dust measur-ents were made during several woodworking operations,
relative humidity was measured throughout the facility, and ventilation
measurements were made at several ventilated production operations.

A total of 13 personal air samples for total dust were collected using 37
millimeter (mm) diameter, 0.5 micrometer {um) pore size polyvinyl chloride
(PVC) membrane filters in two-section cassettes connected to SKC Model 224-
PCXR7 sampling pumps calibrated at flow rates ranging from 1.92 to 2.16 liters
per minute (1pm). Employees with the highest potential dust exposures were
selected and the samples were collected in their breathing zone for as much of
the 8-hour workshift as was practicable. The sampling pumps were removed from
the employees during their lunch break and replaced when they returned to
work. After sampling was completed, the filter cassettes were sealed in
preparation for analysis. Gravimetric analysis of the PVYC filter samples for
total dust was performed using NIOSH Method 0500 (1).

Direct-reading total dust measurements were obtained at eight different
woodworking operations using a ppm, Inc., Model 1050 Handheld Aerosol Monitor
(HAM). These were instantaneous measurements obtained from the breathing zone
of emcloyees while performing specific woodworking operations up to 15 minutes
in dusation. This sampling procedure provides information regarding short-
term (ur peak) exposures that may be higher than the corresponding exposure
for the same woodworking operation when averaged over the full 8-hour
workshift. For comparison, a background (ambient) measurement using the HAM
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was also obtained from a location in the milling area not close to any active
woodworking machinery. The exposure data was recorded and stored using a
Gulton, Inc., Rustrak Ranger Datalogger. For subsequent analysis of the

direct-reading total dust data, the datalogger was downloaded into a personal
computer.

A total of six personal air samples for dust size were collected using SKC
Model 225-50 Personal Cascade Impactors connected to SKC Model 224-PCXR7
sampling pumps calibrated at flow rates ranging from 1.93 to 2.05 1pm. For
each personal dust size sample, four impactor stayes were used, each having a
decreasing particle cutpoint diameter (Dp). These were: stage 1 (Dp = 21 um);
stage 4 (Dp = 6.0 um); stage 7 (Dp = 0.9 um); and stage F (Dp = 0.0 um). (The
particle cutpoint diameter corresponds to the average particle diameter which
is retained by a stage, with smaller particles passing through. Stage F is
the final impactor stage and essentially collects the particles not deposited
on the preceding impactor stage.) This four-stage configuration was selected
to allow an estimation of respirable dust concentration. Each impactor stage
contained a spray-coated collection substrate to reduce the likelihood of
particle bounce. Employees with the highest potential dust exposures were
selected and the samples were collected in their breathing zone for as much of
the 8-hour workshift as practicable. The sampling pumps were removed during
their lunch break and replaced when they returned to work. After sampling was
completed, the personal cascade impactors were sealed in preparation for
analysis. The collection substrates for each of the impactor stages were
gravimetrically analyzed for dust using NIOSH Method 0500 (1).

A total of six air samples for organic vapors were collected using 150
milligram (mg) coconut shell charcoal tubes connected to SKC Model 224-PCXR7
sampling pumps calibrated at flow rates ranging from 0.019 to 0.022 1pm. The
organic vapor samples were collected over as much of the 8-hour workshift as
practicable. To prevent sample loss, the charcoal tubes were changed
approximately halfway through the workshift, resulting in two charcoal tubes
per sample during the workshift. Four of these were personal air samples and
were collected in the breathing zone of employees with the highest potential
for organic vapor exposures. The sampling pumps were removed from the
employees -during their lunch break and replaced when they returned to work.
The other two were general area air samples and were collected at locations
close to organic vapor sources in the finishing and spray finishing areas.
After sampling was completed, the charcoal tubes were sealed in preparation
for analysis.

The organic vapors selected for analysis were acetone, methyl isobutyl ketone
(MIBK), VM&P naphtha, toluene, and xylenes. These five organic compounds were
selected to be representative of the organic vapor exposures based on
information obtained from the material safety data sheets (MSDS’s) for the
white lacquer undercoat and clear lacquer top coat used exclusively for wood
finishing during the industrial hygiene survey. The criteria used to make
these selections were percentage (by weight), volatility, and toxicity
(environmental criteria). The organic vapor samples were analyzed for acetone
and MIBK by gas chromatography (GC) with flame ionization detection (FID)
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using NIOSH Method 1300; for VM&P naphtha by GC/FID using NIOSH Method 1550;
and for toluene and xylene by GC/FID using NIOSH Method 1501 (1).

A total of five air samples for formaldehyde were collected using Air Quality
Research Model PF-20 Formaldehyde Monitors. These formaldehyde monitors
operated by the diffusion of the formaldehyde vapor from the air, through a
porous membrane, and onto a sorbent. (Because these monitors operate by
diffusion, they are commonly known as passive monitors.) The sampling rate
for these monitors was 0.016 1pm. The formaldehyde samples were collected
over 2s much of the 8-hour workshift as was practicable. One of these was a
personal air sample and was collected in the breathing zone of an employee
with the highest potential "or formaldehyde exposure. The formaldehyde
monitor was removed from tiic employee during his lunch break and replaced upon
his return to work. The cther four were general area air samples and were
collected at locations close to formaldehyde sources in the veneer area.
After sampling was completed, the formaldehyde monitors were sealed in
preparation for analysis. The monitors were analyzed for formaldehyde by
vi§1b1e 1ight spectrophotometry using NIOSH Method 3500 with modifications
(1;.

Relative humidity measurements were obtained in the production areas
throughout the facility using a Belfort Instrument Company Model 566-3
Psychron. For each measurement, dry bulb and wet bulb readings were recorded
and relative humidity determined from a psychometric table supplied with the
instrument. Relative humidity is an important parameter to measure because,
if too high, it may adversely effect some sorbent-type air sampling methods
and, if too low, can increase the electrostatic charge and overall "dustiness"”
of a hygroscopic particulate such as wood dust.

A total of 10 personal noise samples were collected using Metrosonics, Inc.,
Model db-301 Metrologgers (dosimeters) calibrated prior to each use. The
noise dosimeters were programmed to determine compliance with Occupational
Safety and Health Administration (OSHA) requirements (2). Employees with the
higiest potential noise exposures were selected and the samples were collected
in their hearing zone for as much of the 8-hour workday as was practicable.
The noise dosimeters were removed from the employees during their lunch break
and replaced when they returned to work. At the end of the sample period, the
noise exposure data from each dosimeter was downloaded and stored in a
Metrosonics, Inc., Model db-651 Metroreader. For subsequent analysis of the
noise exposure data, the Metroreader was downloaded into a personal computer.

Local exhaust ventilation measurements were obtained at nine different
machines representative of the various woodworking operations present at the
Jaff Brothers facility. Air velocity measurements were made at exhaust
openings using an Alnor Compuflow Model 8565 Thermoanemometer. Duct air flows
were determined using the pitot traverse method (3) with a Dwyer Pitot Tube
and an Alnor Compuflow Model 8530D-1 Electromanometer. General ventilation
measurements of flow patterns were also obtained in the production areas of
the facility using a Drager smoke tube kit.



EVALUATION CRITERIA

As a guide to the evaluation of the hazards posed by workplace exposures,
NIOSH representatives employ environmental evaluation criteria for assessment
of chemical and physical agents. These criteria are intended to suggest
levels of exposure to which most workers may be exposed up to 10 hours per
day, 40 hours per week for a working lifetime without experiencing adverse
health effects. It is important to note, however, that not all workers will
be protected from adverse health effects if their exposures are maintained
below these levels. A small percentage may experience adverse health effects
because of individual susceptibility, a pre-existing medical condition, and/or
a hypersensitivity (allergy). In addition, some hazardous substances may act
in combination with other workplace exposures, the general environment, or
with medications or personal habits of the worker to produce health effects,
even if the occupational exposures are controlled at the limits set by the
evaluation criteria. Also, some substances are absorbed by direct contact
with the skin and mucous membranes, and thus the overall exposure may be
increased above measured airborne concentrations. Evaluation criteria

typically change over time as new information on the toxic effects of an agent
become available.

The primary sources of environmental criteria for the workplace are the
following: NIOSH Criteria Documents and Recommended Exposure Limits (RELs),
the American Conference of Governmental Industrial Hy?ienists' (ACGIH)
Threshold Limit Values (TLVs), and the OSHA Permissible Exposure Limits
(PELs). These values are usually based on a time-weighted average (TWA)
exposure, which refers to the average airborne concentration of a substance
over the entire 8- to 10-hour workday. Concentrations are us:gl]y expressed
in parts per million {ppm) or milligrams per cubic meter (mg/m’). In
addition, for some substances there are short-term exposure limits (STELs) or
ceiling limits which are intended to supplement the TWA limits where there are
recognized toxic effects from short-term exposures.

The OSHA standards are required to take into account the feasibility of
reducing exposures in various industries where the agents are used; whereas,
the NIOSH RELs are based primarily on concerns relating to the prevention of
occupational disease. In evaluating the exposure levels and NIOSH
recommendations for reducing exposures, it should be noted that employers are

legally required to meet the requirements of OSHA PELs and other OSHA
standards.

For wood dust, the current NIOSH REL is a TWA of 1.0 mg/m® (4). When
recommending their REL, NIOSH noted that wood dust should be considered a
potential occupational carcinogen and that exposures shog]d be reduced to the
lowest feasible level, not to exceed the REL of 1.0 mg/m°. The NIOSH REL does
not distinguish between wood types [hard and soft wood). The ACGIH TLV for
hard wood :gst is a TWA of 1.0 mg/m” and their TLV for soft wood dust is a TWA
of 5,0 mg/m". The ACGIH has also recommended a STEL for soft wood dust of 10
mg/ns averaged over a 15-minute period which should not be exceeded at any
time during the workday even if the 8-hour TWA exposure value is within the
TLV. Exposures above the TLV up to the STEL should occur no more than four
times per day (5). The OSHA PEL for hard and soft wood dust is a TWA of 5.0
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mg/m*; their 15-minute STEL for hard and soft wood dust is 10 mg/m>. OSHA has
alsosestab1ished a separate PEL for western red cedar which is a TWA of 2.5
mg/m” (6). The adverse health effects that have been associated with exposure
to wood dust upon which these evaluation criteria are based include

dermatitis, allergenic respiratory effects, mucosal and nonallergenic
respiratory effects, and cancer.

The organic vapors selected for analysis, acetone, MIBK, VM&P naphtha, toluene
and xylenes, all have separate evaluation criteria. For acetone, the NIOSH
REL is a TWA of 250 ppm (4); the ACGIH TLV and OSHA PEL are a TWA of 750 ppm
(5,6). For MIBK, the NIOSH REL, ACGIH TLV, and OSHA PEL are a TWA of 50 ppm
{4,5,6). For VMAP naphtha, the NIOSH REL is a TWA of 80 ppm (4); the ACGIH
TLY and OSHA PEL are 300 ppm (5,6). (For VMAP naphtha, these evaluation
criteria ppm values are based on an average molecular weight of 110.) For
both toluene and xylene, the NIOSH REL, ACGIH TLV, and OSHA PEL are 100 ppm
{4,5,6). The adverse health effects that have been associated with exposure
to either individual or mixtures of these organic vapors upon which these
evaluation criteria are based include headache, dizziness, nausea, eye, skin
and respiratory irritation, and narcosis.

For formaldehyde, the NIOSH REL is a TWA of 0.016 ppm {4); the ACGIH TLV and
OSHA PEL are a TWA of 1.0 ppm (5,6). When recommending their REL, NIOSH noted
that formaldehyde should be considered a potential occupational carcinogen and
that exposures should be reduced to the lowest feasible level; when
recommending theirs, the ACGIH noted that formaldehyde should be considered a
suspected human carcinogen. The adverse health effects that have been
associated with exposure to formaldehyde upon which these evaluation criteria
are based include eye, nose and throat irritation, mucosal and respiratory
irritation, dermatitis, nausea, and cancer.

For continuous or intermittent noise, the N/JSH REL and ACGIH TLV are a TWA of
85 dBA (7,5); the OSHA PEL is a TWA of 90 dBA with an action level of 85 dBA
(2). The adverse health effects that have been associated with exposure to

noise upon which these evaluation criteria are based include both temporary
and permanent loss of hearing.

RESULTS AND DISCUSSION

During the February 12 and 13, 1991, industrial hygiene survey at the

Jaff Brothars facility, 13 personal air samples were collected for total dust
on employees involved in a variety of milling, assembly, and finishing
activities. In the milling and assembly areas, the exposure was primarily to
hard wood dust. In the finishing area, the exposure was to a mixture of
lacquer and wood dust. (For the wood and lacquer dust mixture, the wood dust
evaluation criteria will be used for comparison in this report.) Themresults
indicated airborne total dust exposures ranging from 0.58 to 2.09 mg/m” (Table
1). Four of the 13 employees sampled _had exposures above the NIOSH REL and
ACGIH TLV (for hard wood) of 1.0 mg/nP. These four employees were performing
hand sanding operations for at least a portionmgf the workshift. The employee
with the highest total dust exposure (2.09 mg/m’) worked in the assembly area
and performed manual hand sanding during the workshift. The other three
employees were predominately using orbital sanders; one worked in the
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finishing area and had an exposure of 1.41 mg/m’, and_two worked in the
assembly area and had exposures of 1.38 and 1.05 mg/m® (the latter was using
an orbital sander with a dust bag control). None of the milling area
employees sampled hadstotal dust exposures that exceeded the NIOSH REL and
ACGIH TLV of 1.0 mg/m*. None of the 13 employegs sampled had total dust
axposures in excess of the OSHA PEL of 5.0 mg/m".

During the industrial hygiene survey, it was observed that several production
area employees (including those performing hand sanding operations) wore
single-use, disposable dust masks. These dust masks cannot form a tight seal
between the face and the mask and, therefore, provide only limited protection
against inhaling airborne dust.

Direct-reading total dust measurements were collected at a background
(ambient) site in the milling area and in the breathing zone of milling and
assembly area employees performing eight different woodworking operations
ranging from 1.5 to 13.5 minutes in duration. The woodworking operations
measured were sawing 1x4-inch hardwood, 1-inch plywood, and 1.5-inch particle
board (with Formica surfaces) using two finish saws (nos. 10 and 12); cutting
grooves into 1-inch plywood using a shaper (no. 18); sanding short and long
strips of 1x2-inch hardwood using the small belt sander (no. 29); sanding 2x8-
foot panels using the large belt sander (no. 28); and manual hand sanding by
an employee in the assembly area (Figure 1). The activities performed by the
employees included selecting, measuring, preparing, and machining the wood
piece. For the purposes of reporting, these tasks were grouped into the
categories of between machining (selecting, measuring, and preparing) and
during machining.

The results from the direct-reading total dust measurements indicated that the
backgrougd (ambient) concentration of total dust in the milling area was

0.3 mg/m" and that the total dust concentrations from the breathing zone of
employeei performing the individual woodworking operations ranged From 0.3 to
4.0 mg/m” (Table 2). None of these results exceeded the ACGIH (soft wood) or
OSHA 15-minute STEL for wood dust of 10 mg/m°. However, the employees
performing operations which used a shaper (no. 18), the small belt sagder {no.
29), and manual hand sanding, generated concentrations above 1.0 mg/m’.

Graphs of the direct-reading total dust exposure concentrations for the
background (ambient) measurement and for the employees performing each of the
woodworking operations are presented in Figures 2 through 10. (On Figures 3
through 10, the time spent performing the machining task is depicted as a
double bar (=) above the exposure tracing.) As shown in Figures 3 through 10,
airborne total dust concentrations in the employees’ breathing zone generally
increased as machining time increased.

While making the direct-reading measurements in the breathing zone of
employees performing woodworking operations, it was observed that the location
of the employee in relation to the dust source was a significant factor in
predicting airborne dust concentrations. Where the dust was propelled away
from the employee, the dust concentrations in the breathing zone were lower.
When the employee was positioned near or actually in a dust plume, the dust
concentrations in the breathing zone were higher.
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Six personal cascade impactor air samples for dust size were collected on
employees in the milling, assembly, and finishing areas. As previously
described, in the milling and assembly areas, the dust was primarily hard wood
and, in the finishing area, was a mixture of lacquer and wood. The results
indicated that the majority of the airborne dust in all areas was relatively
large in size (Table 3). Percentages of dust (by mass) collected beiow 6.0 um
diameter in size ranged from 4.1% for a finishing area employee to 31.7% for
an assembly area empioyee. Percentages of dust (by mass) collected below 0.9
um diameter in size also ranged from 4.1% for a finishing area employee to
31.7% for an assembly area employee. Of the employees performing sanding
operations, the finishing employee had the lowest percentage of small-sized
dust collected. In addition, these results indicate that the three employees
performing sanding operations (two from the assembly area and one from the
finishing_area) had higher collected dust concentrations (ranging from 1.77 to
5.76 mgfm’) than did the three milling area e@ployees {collected dust
concentrations ranging from 0.79 to 1.35 mg/m’). (These airborne dust results
cannot be directly compared to any of the total dust evaluation criteria
previously described due to differences in sampling requirements.)

The size of airborne dust can be used to predict now the dust will be
deposited in the respiratory system when inhaled. Generally, approximately 99
percent of all particles greater than 10 um in diameter are removed in the
nasal chamber and have little probability of reaching the lungs. Therefore,
particles less than 10 um in diameter may reach the lungs and are considered
potentially "respirable”. The percentage of these potentially respirable
particles actually reaching the lungs increases with decreasing particle size
down to about 1.0 um in diameter. In reference to the personal cascade
impactor results (Table 3), approximately 83 percent of particles less than
6.0 um in diameter are respirable and could be deposited in the lungs (5).
Below 1.0 um in diameter, approximately 97 percent of inhaled particles are
able to be deposited in the lungs or exhaled (8,9).

Four personal and two general area air samples were collected for organic
vapors. The personal samples were collected on employees in the spray
finishing, assembly, and veneer areas. The general area air samples were
collected on the mixing table in the spray finishing area and near the waste
drum in the finishing area. The results indicated very low or non-detectable
exposures to the five organic vapors selected for analysis (Table 4).
Exposures to acetone ranged from <1.35 to 5.60 ppm. (A concentration value
preceded by the < symbol indicates the sample results were helow the
analytical l1imit of detection (LOD).) Exposures to VM&P naphtha ranged from
<0.24 to 15.36 ppm; those for toluene ranged from <0.29 to 8.11 ppm. None of
the six organic vapor air samples collected contained detectable quantities of
MIBK or xylenes. None of these organic vapor exposures were close to the
corresponding NIOSH REL, ACGIH TLV, or OSHA PEL for acetone, MIBK, VM&P
naphtha, toluene, and xylenes.

One personal and four general area air samples were collected for formaldehyde
in the veneer area where the formaldehyde-containing adhesive is used. One
personal air sample was collected on the veneerer; the four general area air
samples were collected at locations near the mixing station, above the glue
spreader, and at the left and right ends of the hot press. The veneer
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operation requiring the use of the adhesive was performed over & 4-hour period
{approximately one-half of the workshift). None of the five air samples
contained detectable quantities of formaldehyde, corresponding to a
concentration of <0.08 ppm (Table 5). These results are below the ACGIH TLV
and OSHA PEL for formaldehyde of 1.0 ppm. However, the sampling rate of the
passive monitors used was too low to determine if the NIOSH REL for
formaldehyde of 0.016 ppm was exceeded over an 8-hour workshift,

Twenty-seven environmental psychrometer measurements were made throughout the
facility over both days of the industrial hygiene survey (Table 6). On
February 12, 1991, psychrometer measurements were made in the milling,
assembly, spray finishing, finishing, and veneer areas three times: mid-
morning, about noon, and mid-afternoon. Relative humidities on that day
ranged from 12 to 19 percent. Since air sampling was not conducted in the
veneer area on February 13, psychrometer measurements were made in the
remaining four areas three times as previously described. Relative humidities
on the second day of the survey ranged from 16 to 26 percent. These relative
humidities would be too low to have any adverse effect on the sorbent media
air sampling methods utilized for organic vapors and formaldehyde and would

not be high enough to appreciably decrease the "dustiness” of the airborne
wood particles.

Ten personal samples were collected for noise on employees working in the
milling, assembly, and spray finishing areas. However, exposure data from
four of the noise dosimeters were lost during the downloading sequence at the
end of the workshift. Therefore, TWA noise exposures are available for anly
six of *he ten employees sampled. The results indicated exposures to noise
ranging from 51.8 to 86.4 dBA (Table 7). The employee with the highest noise
exposure (86.4 dBA) worked in the milling area. This was the only TWA noise
exposure that exceeded the NIOSH PEL, ACGIH TLV, and OSHA action level for
continuous or intermitient noise of 85 dBA. However, three other employees
working in the spray finishing, assembly, and milling areas had noise
exposures above 84 dBA (84.3, 84.4, and 84.9 dBA respectively). It is
possible that on other workdays, these employees may also have noise exposures
above 85 dBA. None of the exposures exceeded the OSHA PEL for continuous or
intermittent noise of 90 dBA. It was noted during the industrial hygiene
survey that the majority of employees were wearing earplugs.

Local exhaust measurements were made at nine different woodworking machines in
the milling area: the small belt sander (no. 29), the large belt sander (no.
28), three finish saws (nos. 10, 11, and 12), a shaper (no. 19), a jointer
(no. 21), a swing saw (no. 3), and a router {no. 23). The results from these
measurements indicated that the local exhaust system flow rates for six of
these machines were within ACGIH industrial ventilation recommended guidelines
(Table 8) (3). Three, however, were below the minimum recommended for the
adequate conveying of particulates. The small belt sander (no. 29) had an
actual flow rate of 379 cubic feet per minute {cfm); about two-thirds the
recommended flow rate of 550 cfm. A jointer (no. 21) had an actual flow rate
of 423 cfm; about one-half the recommended flow rate of 785 cfm. A swing saw

(no. 3) had an actual flow rate of 214 cfm; less than one-half the recommended
flow rate of 500 cfm.
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Observations regarding the local exhaust ventilation made during the
industrial hygiene survey indicated that a finish saw (no. 8) had a duct
clean-out cover missing. Also, the planer (no. 25), the rip saw (no. 15), and
a band saw (no. 16}, had open areas in the exhaust enclosure beneath the work
table (Figure 1). Problems such as these adversely affect the dust control
pro:ided by the local exhaust ventilation systems at these woodworking
machines.

Observations regarding the general ventilation of the Jaff Brothers facility
indicated that the production areas were under a relative negative pressure
with reference to the outdoors. Characteristic of this relative negative
pressure, when the exhaust fans for the spray booth in the spray finishing
area were turned off (as they were for most of the industrial hygiene survey),
a backflow into the adjoining areas of the facility occurred preventing the
containment of the organic vapors from the wood finishes being used in the
spray finishing area.

CONCLUSIONS

Overall, airborne dust exposures during woodworking operations at the Jaff
Brothers facility weres well controlled through the use of local exhaust
ventilation. However, hand sanding operations in the assembly and finishing
areas were not controlled through the use of local exhaust ventilation and
resulted in employee TWA exposures to_total dust exceeding the NIOSH REL and
ACGIH TLV {for hard wood) of 1.0 mg/m’. Employee work practices also had a
direct effect on their relative dust exposures, particularly regarding the
position of the employee relative to the dust plume generated during the
woodworking operations. Poorer wo. " practices increased dust exposures;
better work practices decreased dust exposures,

Employee TWA exposures to organic vapors {from the finishing stains and
lacquers} and formaldehyde (from the veneer adhesive) were very low or non-
detectable. These exposures could increase with either an increase in

finishing activity or a change in finishing products which may contain more
toxic or more volatile compounds.

The woodworking machinery was relatively noisy and resulted in an employee TWA
exposure that exceeded the NIOSH REL, ACGIH TLV, and OSHA action level for
continuous or intermittent noise of 85 dBA. These noise exposures could
increase with more activity requiring greater use of woodworking machinery.

Four woodworking machines, a finish saw (no.8), the planer (no. 25), the rip
saw (no. 15), and a band saw (no. 16) were found to have defects in their
local exhaust ventilation systems that adversely effected dust control.

The negative pressure of the production areas relative to the outdoors
indicated that the make-up air supply was insufficient for the exhaust. This
was exemplified by the backflow of air through the spray booth in the spray
finishing area when the exhaust fans for the spray booth were not operating.
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RECOMMENDAT IONS

Based on the results from this industrial hygiene survey, the following
recommendations should be considered to reduce employee exposures:

1.

Establish a respiratory protection program meeting OSHA requirements and
provide NIOSH-approved dust respirators for the employees performing
hand sanding operations until engineering controls can ?e installed to
reduce their TWA total dust exposures to below 1.0 mg/m” (10,11). These
engineering controls could include a downdraft or sanding table (for
small parts) or commercially-available vacuum hand sanders. The OSHA
respiratory protection program requirements are provided in Appendix A.

Ensure that employees use good work practices to minimize dust exposures
during all woodworking operations, particularly hand sanding. Employees
should be instructed to avoid having their face in the dust plume
generated by woodworking machinery and, where local exhaust ventilation
is provided, direct the dust plume toward the ventilation inlet.

Continue to obtain material safety data sheets from the suppliers for
all products (particularly finishing products) used in the facility as
part of the ongoing, OSHA-required hazard communication program (12).
This will provide the appropriate alert to changes in supplied products
that could require additional industrial hygiene sampling.

Establish a hearing conservation program meeting OSHA requirements and
continue to provide appropriate hearing protection for the employees
routinely using woodworking machinery (2). The OSHA occupational noise
exposure requirements are provided in Appendix B.

Repair the defects noted in the local exhaust ventilation systems for
the finish saw (no. 8), planer (no. 25), rip saw (no. 15), and band saw
(no. 16), and routinely maintain the local exhaust ventilation systems
for al} ventilated woodworking machinery to ensure their proper
operation.

Operate the exhaust fans for the spray booth in the spray finishing area
at all times during the workshift to prevent the backflow of air into

the adjoining production areas until the ventilation system can be
balanced.

Evaluate the make-up air supply for the production areas of the facility
and increase to the required amount so a proper balance is achieved.
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Table 1

Total Dust Air Sampling Results

Jaff Brothers Woodworks, Inc.
Long Island City, New York

Total Flow Total Dust
Date Arca Job Time Time Rate Volume  Concentration Commcuts
Description (min) (lpm) (m") (mg/m’)
2/12/91  Finishing Hand Finisher 0758 - 1142 455 193 088 141 Operated Orbital Sander
1217 - 1608
2/12/91  Milling  Machinc Operator 0803 - 1144 445 203 0.9 0.58 Operatcd Jointer, Band
1224 - 1608 Saw, Rip Saw, Planer
2/12/91 Milling Machine Operator 0812 - 1146 443 205 0.9 0.76 Operatcd Table Saw
1224 - 1607
2/12/91  Assembly Assembler 0818 - 1147 439 204 090 * Operated Orbital Sandcr
1218 - 1608
2/12/91  Assembly Asscmbler 0825 - 1144 426 208 0.89 071
1219 - 1606
2/12/91  Asscmbly Assemblcr 0834 - 1143 a4 181 0.75 1.05 Operated Orbital Sander
1220 - 1605 (with dust bag)
2/13/91  Miling  Machine Operator 0757 - 1142 455 2.00 091 043
1221 - 1511
2/13/91 Milling Machine Operator 0800 - 1143 460 211 097 0.68 Operaled Finish Saw
1215 - 1612
2/13/91  Milling  Machioe Operator  0802- 1144 454 2.16 098 0.74 Operatcd Belt Sander
1220 - 1612
2/13/91  Assembly Assembler 0804 - 1146 457 210 0.96 209
1219 - 1614
2/13/91  Assembly Assembler 0810 - 1142 439 209 0.92 073
1216 - 1603
2/13/91  Asscmbly Assembler 0812 - 1143 434 192 0483 1.38 Operated Orbital Sander
1219 - 1602
2/13/91 Milling Machine Operator 0818 - 1143 420 194 0.82 0.59 Operated Finish Saw
1221 - 1556
NIOSH REL 10
Evsluation Criseria: ACGH TV 10*
ACGIH TLV 50+
OSHA PEL 50
*Iavalid Sample (damaged filter)
**Potential Occupational Carcinogen
*Hard Wood

**Salt Wood



Table 2

Direct-Reading Total Dust Air Sampling Results

Jaff Brothers Woodworks, Inc.
Long Island City, New York
Sampling Period Total Dust Concentration (mg/m’)
Date Machine No./ Machine Operation Total Time  Machine Time Between During Reference
Location* Type Description (min) (%) Machining Machining Figare No.
2/12/1 A - Background 336 - - 03 2
{ambient)
2/13/91 10 Finish Saw 1*x 4° (4" cuts) 112 4 05 04 3
2/13/91 10 Finish Saw 1" Plywood 15 3 05 0.5 4
(2" & 4 cuts)
2/13/91 12 Finish Saw 1.5" Particle 135 12 03 03 5
Board
2/13/91 18 Shaper 1" Plywood 76 42 15 20 6
I'x 2’ Panels
2/13/9 0 Small Belt 22 &3 51 68 18 24 7
Sander lengths)
2/13/91 29 Small Belt 1"x2" (8 116 54 18 40 8
Sander lengths)
2/13/91 28 Large Belt 2’ x 8 Panel 63 7 03 03 9
Sander
2/13/91 H Hand Sanding 1" Wide Edge 101 94 1.0 15 10
Evaluation Criteria: ACGIH STEL 10°*
OSHA STEL 10
*Refer to Figure 1

**Soft Wood



Table 3

Dust Size Air Sampling Results
Jaff Brothers Woodworks, Inc,
Long Island City, New York
Total Flow Impactor Stage Dust
Date Area Job Time Time Rate Volume Stage i Concentration  Dust Weight Comments
Description (min) (pm)  (w) Nomber (Dp(wm) (mg/m) % <Dp
2/12/91  Milling  Machine  0805- 1146 451 2.04 0.92 1 21 037 5.0 Operated
Operator 1219 - 1609 4 60 036 131 Jointer,
7 09 0.00 131 Planer, Rip
F 0.0 0.11 00 Saw
(0.84)*
2/12/91  Assembly Assembler 0820 - 1147 430 1.93 0.83 1 21 1n 600
1223 - 1606 4 6.0 125 317
7 09 0.00 317
F 00 1.40 0.0
442}
2/12/91  Milling ~ Machine 0825 - 1146 428 203 087 1 21 0.64 525 Operated
Operator 1221 - 1608 4 6.0 047 178 Shaper
7 09 0.00 178
F 00 024 00
(135)
2/13/91  Milling  Machine 0752-1146 462 198 092 1 21 023 72 Operated
Operator 1223 - 1611 4 60 0.51 6.8 Planer
7 09 0.00 68
F 00 0.05 00
(0.79)
2/13/91  Assembly Assembler 0750-1145 470 2.05 0.96 1 2 37 432
1215 - 1610 4 60 163 150
7 09 0.12 128
F 090 0.74 00
(5.76)
2/13/91  Finishing Hand 0743 - 1146 476 204 097 1 21 0.89 500 Operated
Finisher 1217 - 1610 4 60 081 41 Orbital
7 09 0.00 41 Sander
F 00 097 00
(1.77)

*Total Dust Concentration of Sample Shown in Parentheses



Table 4

Organic Vapor Alr Sampling Results
Jaff Brothers Woodworks, Inc.
Long Island City, New York
Total Flow
Date Area Job Description/ Time Time Rate Volume rganic Vapor Concentrations (ppm
Location {min) (Ilpm) (liters) Acetone MIBK Naphtha Toluene  Xylemes
2/12/91 Spray Spray Finisher 0753 - 1143 461 0.020 9.28 <136 <09 11.04 3 <0.75
Finishing 1216 - 1607
2/12/91  Assembly Assembler 0818 - 1146 430 0.019 829 560 <030 296 128 <0.84
1226 - 1610
2/12/91  Veneer Veneerer 0838-1147 415 0022 9.23 <137 <0.26 <024 <0.29 <025
1228 - 1614
2/12/91 Spray On Mixing Table 0846- 1149 354 0.021 754 5.59 <097 1536 811 <092
Finishing 1258 - 1549
2/13/91 Spray Spray Finisher 0739 - 1141 471 0.020 936 <135 <(.78 785 284 <0.74
Finishing 1216 - 1605
2/13/91  Finishing Near Waste 0741 - 1128 518 0.020 10.54 400 <0.70 13.10 707 <066
Drum 1205 - 1656
NIOSH REL 250 50 80 100 100
Evaluation Criteria: ACGIH TLV 750 50 300 100 100
OSHA  PEL 750 50 300 100 100




Table 5

Formaldehyde Air Sampling Results
Jaff Brothers Woodworks, Inc.
Long Island City, New York
Total Sample Formaldehyde
Date Arca Job Description/ Time Time  Rate  Volume Concentration
Location (min) (lpm) (liters) (ppm)
2/12/91 Veneer Vencerer 0838 - 1545 427 0.016 683 <0.08
2/12/91 Veneer Near Mixing Station 0852 -1545 413 0.016 661 <008
2/12/91 Veneer Above Glue Spreader 0852 - 1544 412 0.016 659 <0.08
2/12/91 Veneer  Right End of Hot Press 0852 - 1543 411 0.016 6.58 <0.08
2/12/91 Veneer Left End of Hot Press  0852- 1543 411 0.016 658 <008
NIOSH REL 0.016*
Evaluation Criteria: ACGIH TLV 1%
OSHA PEL 1

* Potential Occupational Carcinogen
** Suspected Human Carcinogen



Eavironmential Psychrometer Measurements

TFable 6

Jaff Brothers Woodworks, Inc,
Long Island City, New York
Dry Bulb Wet Buib Relative
Date Arca Time Temperature Temperature Humidity

(‘0 (°C) (%)
2/12/9 Milling 045 180 70 4
2/12/9 Assembly 0948 185 70 12
2/12/91 Spray Finishing 0950 180 15 17
2/12/91 Finishing 0952 170 65 7
2/12/91 Vencer 0954 180 10 14
2/12/91 Milling 1237 215 90 13
2/12/91 Assembly 1238 2090 80 12
2/12/91 Spray Finishing 1241 25 85 13
2/12/9 Finishing 1240 215 90 13
2/12/91 Vencer 1245 160 65 19
2/12/91 Milling 1500 200 85 15
2/12/91 Assembly 1503 210 85 12
2/12/91 Spray Finishing 1506 190 15 1B
2/12/5i Finishing 1505 200 80 12
2/12/91 Vencer 1508 175 10 16
2/13/91 Milling 0910 190 95 26
2/13/9 Asscmbly 0912 210 95 17
2/13/9% Spray Finishing 0915 170 15 21
2/13/91 Finishing 0917 195 85 17
2/13/91 Milling 1225 195 9235 23
2/13/91 Assembly 1227 29 95 2
2/13/91 Spray Finishing 1230 185 920 25
2/13/91 Finishing 1232 205 90 16
2/13/91 Milling 1505 195 85 17
2/13/91 Asscmbly 1507 2.5 90 16
2/13/9 Spray Finishing 1510 215 100 18
2/13/91 Finishing 1509 200 90 18




Table 7

Noise Dosimeter Sampling Results

Jaff Brothers Woodworks, Inc.
Long Istand City, New York
Maximum
Sample Period Periods Pesiod T™WA
Date Arca Job Description Time Rate Length  Completed  Average (dBA)
2/12/91 Milling  Machine Operator 0832 - 1142 4/sec 1 min. 407 91 818
1232 - 1609
2/12/91 Milling  Machine Operator 0806 - 1146  4/sec 1 min. * * *
1231 - 1610
2/12/9 Milling  Machine Operator 0803 - 1145 4/scc 1 min. . * *
1230 - 1609
2/12/91 Milling Machine Operator 0832 - 1144 4/sec 1 min. . . *
1233 - 1609
2/12/91 Assembly Asscmbler 0843 - 1146  4/sec 1 min. . . .
1231 - 1608
2/13/91 Milling Machine Operator 0757 - 1146 4/sec 1 min 460 97 849
1221 - 1612
2/13/91 Assembly Assembler 0806 - 1143 4/sec 1 min. 451 98 844
1218 - 1612
2/13/91 Milling Machine Operator 0752 - 1143 4/sec 1 min. 460 100 864
1223 - 1612
2/13/91 Assembly Assembler 0805 - 1143 4/sec 1 mia. 454 9 834
1218 - 1614
2/13/91 Spray Hand Finisher 0739 - 1142 4/sec 1 min. 73 101 843
Finishing 1216 - 1606
NIOSH REL 85
Evaluation Crileria: ACGIH TV 85
OSHA PEL 9G°*

*lavalid Samplc (data lost during down-loading)
**OSHA Action Level is 85 dBA



Table 8

Local Exhaust Ventilation Measurements

Jaff Brothers Woodworks, Inc.
Long Island City, New York
Machine No./ Measured ACGIH Recommended
Date Location® Machine Type Flow Ree (cfm) Flow Ratc (cfm)
e ———— e — R
2/12/91 » Small Bekt Sander k7, 550
2/12/91 28 Large Belt Sander 2388/1842°* -
2/12/9 10 Finish Saw 636 350 10 440
2/12/91 11 Finish Saw 554 350 to 440
2/13/91 19 Shaper 584 440 to 1400
2/13/91 12 Finish Saw 1442 350 to 440
2/13/91 21 Jointer 423 785
2/13/91 3 Swing Saw 214 500
2/13/91 yx) Router 1186 350 to 800

* Refer to Figure 1

** Flow Rates in Ducts 1 and 2
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Figure 1 Legend

Machine No./Machine Type

Machine No./Machine Type

W00t O 1 B (D N s

Edger

Not in Service
Swing Saw

Not in Service
Swing Saw
Cut-off Saw
Cut-off Saw
Finish Saw
Finish Saw
Finish Saw
Finish Saw
Finish Saw
Not in Service
Finish Saw
Rip Saw

Band Saw

Band Saw
Shaper
Shaper/Feeder
Shaper/Feeder
Jointer
Jointer
Router

Borer

Planer

Dove Tailer

Dove Tailer

Large Belt Sander
Small Belt Sander
Moulding Sander
Drum Sander
Grinder

Grinder

Grinder

Grinder

Dril1l Press

Dri1l Press
Yeneer Press
Rising Table

Glue Spreader
Glue Mixer

Glue Veneer Taper
Veneer Trimmer
Blower

Blower

Hinge Router
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Figure 3: Finish Saw (No. 10), 4" Cuts on 1" by 4" Pleces.
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Figure 4: Finish Saw (No. 10), 2’ and 4’ Cuts on 1" Plywood.
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¥ieure 5: Finish Saw (No. 12), 4’ and B’ Cuts on 1.5" Particle Board (With
Formica Surfaces on the Top and Bottom).
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Figure 6: Shaper (No. 18) Cutting Grooves on Two Sides of 1" Plywood.
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Figure 7: Small Belt Sander (No. 29) Sanding 1" and 2" Edges That are 2°
and 3' Long.
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Figure 8: Small Belt Sander (No. 29) Sanding 1" and 2" Edges That are 8’
Long.
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Figure 9: Large Belt Sander (No. 28) Sanding a 2’ by 8’ Panel.
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Appendix A
OSHA Respiratory Protection Standard (29 CFR 1910.134)



OCCUPATIONAL SAFETY AND HEALTH STANDARDS
SUBPART | — PERSONAL PROTECTIVE EQUIPMENT

iCode of Federal Regulations, Title 29, Chapter XVIL, Part 1910, Subpart I: 36 FR
10466, May 29, 1971; amended at 36 FR 151058, August 13, 1971; 37 FR 22231,
October 18, 1972: republished at 39 FR 23502, June 27. 1974; standard provision
revoked at 43 FR 49726, October 24, 1978: amended at 49 FR 5322, February 10, 19841

Subpart [~—Personal Protective
Equipment
§ 1910.132 CGeneral requirements.

tal Application. Protective equupment,
including personal protective equipment
for eyes. face. head, and extremities, pro-
tective clothing, respiratory devices, and
protective shields and barriers, shall be
provided, used. and maintained 1n & sani-
tary and rehiable condition wherever it
15 necessary by reason of hazards of
processes or environment, chemicai haz-
ards, radiological hazards, or mechanical
1Irntants encountered 1In a manner capa-
bie of causitig injury or impairment in
the function of any part of the body
through sabsorption. inhajation or phys-
ical contact.

‘bt Emploiee-owned equipment.
Where empioyees provide their own £ro-
tective equipment, the emplover shall be
responsible to assure its sdequacy, in-
cluding proper maintenance, and saruta-
tion of such cquipment.

¢y Design. All personal protective
equipment shall be of safe design and
construction for the work to be per-
{ormed.

§1910.133 Fyve and (ace proteciion.

‘a) General. (1) Protective eye and
face equpment shall be raqwired where
thete 13 & reasonable probability of in-
Jury that can be prevented by such equip-
ment. In such cases, employera shall
make conveniently avallable a type of
protector suitable for the work to be
performed. and empioyees shail use such
protectors. No unprotected person shalil
knowingly be subjected to a hazardous
environmental condition. Suitable eye
protectors shall be provided where ma-
chines or operations present the hazard
of fiying objects, glare, liguids, inyunous
radiation, or & combination of these haz-
ards.

+2) Protectors shall meet the follow-
ing minimum requirements:

{} They shall provide adequate pro-
tection agsainst the particular hazards
for which they are designed,

1) They shall be reasonably comfort-
able when worn under the designated
conditions,

1111} They shall fit snugly and shall not
unduly interfere with the movements of
the wesrer.

(iv} They shall be durable.

tv) They shall be capable of being
disinfected,

vi) They shall be easily cleanable.

(¥il) Protectors should be kept clean
and in good repair.

t3) Persons whose vision requires the
use of corrective lenses in spectacles, and
who are required by this standard to wear
eye protection, shall wear goggies or spec-
tacles of one of the following types:

{§) Spectacles whose protective lenses
provide optical correction.

(11} Goggles that can be worn over
correclive speciacies without disturbing
the adjustment of the spectacies.

1)) Goggles that incorporste correc-
;xvc lenses mounted behind the protactive
enses.

(4) Every protector shall be distincily
marked to facilitate identification only
of the manufscturer.

(8) When limitations or precautions
are indicated by the manufacturer, they
shall be transmitted to the user and care
taken to see that such limitations and
precautions are strictly observed.

¢6) Design, construction, testing, and
use of devices {0r eye and focce protection
shall be In accordance with American
National Standard for Occupational and
Educsuonsi Eye and Face Frotection,
Z87.1-1888.

§ 1910.134  Respiratory protection.

(8} Permissidle practice. (1) In the
control of those occupational diseases
caused by breathing air contaminated
with harmful dusts, fogs, fumes, mists,
gASes, Smokes. sprays, or vapors, the pri-
mary objective shall be to prevent at-
mospheric contaminauon. This shall be
sccomplished as f{ar as feambie by sc-
cepted engineering control measures (for
example, enciosure or confinement of the
operation, general and local ventiation,
and substitution of less toxic materials).
When effecuive engineenng controls are
not feasible, or while they are being 1n-
stituted, appropriate respirators shall be
used pursuant to the following require-
ments.

(2) Respirstors shall be provided by
the employer when such equipment is
necessary to protect the health of the
employee. The employer shall provide
the respirstors which are applicable and
suitable for the purpose intended. The
employer shall be responasible for the
establishment and maintenance of a res-
piratory protective program which shall
include the requirements outlined in
paragraph (b} of this section,

(3) The employee shall use the pro-
vided respiratory protection in sccord.
ance with nstructions sad tramning
received.

(b) Requirements for a minimal ac-
ceptable program. 1) Written standsrd
opersting procedures governing the se-
lection and use of respirators shall be
established,

(2) Respirators shall be selected on
the basis of hazards to which the worker
13 expoaed,

(3) The user shall be instructed and
trained tn the proper use of respirators
and their limitations.

14] [Removed
{1910.104tbN4} deleted by 49 FR 3522, Febru-
ary 10, 1984]

i8] Respirators shall be re

larily cleaned
and disinfected. Thoss u.

by more than
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(8> Respirators shall be stored in a
convenient, clean, and sanitary looation,

€1 Respirators used routinely shall
be inspected during cleaning, Worn or
deteriorated parts shall be replaced. Res-
pirators for emergency use such as seif.
contained devices ahall be thoroughly
inspeeted at least once & month and after
each use.

(8) Appropriate survelllance of work
area conditions and degree of employee
exposure or stress shall be maintained.

(§) There shall be regular inspection
and evaluation 1o determine the con-
tinued effectiveness of the program,

(10} Persons should not be assigned
to tasks requiring use of respirators un-
less it has been determined that they are
physically able to perform the work and
use the equipment. ‘The local physician
shall determine what health and physical
conditions are pertinent. The respirator
user's medical status sliould be reviewed
periodically «(for instance, annually).

111y Approved or accepted respirators
shail be used when they are available.
The respirator furnished shall provide
adequate respiratory protection against
the particuiar hazard for which it is
desigried ir. arcordance with standards
established hy competent authorities. The
U.S. Department of Inter;or, Bureau of
Mines, a1 the U.S. Department of Agri-
culture arc rerpgruzed as such authori-
ties. Although respirators listed by the
U.S. Department of Agriculture continue
to be acceptable for protection against
specified pesucides, the U.S. Deparument
of the Interior, Bureau of Mines, is the
agency now responsible for testing and
approving pesticide respirators,

ey Selection of respirators. Proper
selection of rescirators shall be made ac-
cording to the guidance of American
National Standard Practices for Respira-
tory Protection Z88.2-19869,

- «y Air queltty. (1) Compressed air,
compressed oxygen, liquid air, and liquid
oxyvgen used for respiration shall be of
high purity. Oxvgen shall meet the re-
quirements of the United States Pharma-
copoeia for medical or breathing oxygen.
Breathing air shall meet at least the re-
quirements of the specification for Grade
D breathing air as described in Com-
pressed Gas Association Commodity
Specification G-7.1-1966. Compressed
oxygen, shall not be used in supplied-alr
respirators or in open circuit self-
contained breathing apparatus that have
previously used compressed air. Oxygen

must never be used with air line
respirators,

(2} Breathing air mav be supplied to
respirators from cylinders or air
COMPressors.

{) Cylinders shall be tested and msin-
tained as prescribed in the Bhipping
Container Specification Regulations of
the Department of Transportation (48
CFR Part 1718,

(i} The compressor for supplying air
shall be equipped with necessary, safety
and standby devices. A breathing sir-

type compressor shall be used. Compres-
aors shall be constructed and situated
&0 a3 to Avoid entry of contaminated air
into the system and suitable in-line air
purifying sorbent beds and filters in~
stalled to further assure breathing air
quality. A receiver of sufficient capacity
to enable the respirator wearer to escape
from a contaninated atmosphere in
event of compressor {ailure, and alarms
L0 indicate compressor fajlure and over-
heating shall be installed in the system.
If an oll-lubricated compressor is used,
it shall have a high~temperature or car-
bon monoxide alarm, or both, If only a
high-temperature alarm s used, the air
from the compressor shall be frequentls
tested for carbon monoxide to insure
that it meets the specifications in sub-
paragraph (1) of this paragraph.

(3) Alr line couplings shall be incom-
patible with outlets for other gas sys-
tems to prevent inadvertent servicing of
air line respirators with nonrespirable
gases or oxygen.

(4) Breathing gas containers shall be
marked In accordance with Americar,
National Btandard Method of Markln;
Portable Compressed Gas Containers tc
Identify the Material Contained, 248.1-
1854 Federa! Specification BB-A-1034a,
June 21, 1868, Air, Compressed for
Breathing Purposes. or Interim Federal
S8pecification GG-B-00675b, April 27,
1865, Breathing Apparstus, Self-Con-
tained

te) Use of respirgtors, (1) Standard
procedures shall be developed for respi-
rator use. These should include all infor-
maticn and guidance necessary for their
proper selection, use, and care. Possible
emergency and routine uses of respira-
?ors should be anticipated and planned

or.

(2) The correct respirator shall be
specified for each jiob. The respirator
type is usually specified in the work pro-
cedures by a qualified individual super-
vising the respiratory protective program.
The individual issuing them shall be
adequately instructed to insure that the
correct respirator is issued.

{1910 134(e}{?) amended by 49 FR 5322, Feb-
ruary 10, 1984]

(3) Written procedures shall be pre-
pared covering safe use of respirators in
dangerous atmospheres that might be
encountered in normal operations or in
emergencies. Personnel shall be familiar
with these procedures and the available
respirators,

(i) In areas where the wearer, with
failure of the respirator, could be over-
come by a toxic or oxygen-deficient
atmosphere, at least one additional man
shall be present. Communications t visual,
voice, or signal line) shall be maintained
between both or sll individuals present.
Planning shall be such that one individ-
ual will be unaffected by any likely inci.
dent and have the proper rescue equip-
1 ant to be able Lo assist the other(s) in
case of emergency.

{1y When self-contatned breathing
apparatus or hose masks with blowers

are used In atmospherss immediately
dangerous to life or heaith, standby men
must be prasent with suilable rescue
equipment,

(iif2 Persons using air line respirators
in atmospheres immediately hazardous
to life or health shall be equipped with
safety harnesses and safety lines for lift-
ing or removing persons from hazardous
atmospheres or other and equivalent
provisions for the rascue of persons from
hazardous atmospheres shall be used, A
standby man or men with suitable self-
contained breathing apparatus shall be
at the nearest fresh air base for emer~
gency rescue,

(4) Respiratory protection is no bet«
ter than the respirator in use, even
though it is worn conscientiously. Fre-
quent random inspections shall be ¢on.
ducted by s qualified individusl to as-
sure that respirators are properly se-
lected, used, cleaned, and maintained.

(8) For safe use of any respirator, it
is essential that the user be properly ine
structed in its selection, use, and main-
tenance. Both supervisors and workers
shall be 50 instructed by competent per-
sons. Training shall provide the men an
opportunity to handle the respirator,
have it fitted properly, test its face-piece-
to-face seal, wear {t in normal air for
a long familiarity period, and, finally,
to wear {t in a test stmosphere.

(i} Every resplirator wearer shall re-
ceive fitting instructions including dem-
onstrations and practice in how the res-
pirator should be worn, how to sdjust it,
and how io determine )f it fits properly.
Respirators shall not be worn when ¢on~
ditions prevent a good face seal, Such
conditions may be a growth of beard,
sideburns, & skull cap that projects under
the facepiece, or temple pieces on glasses.
Also, the absence of one or both dentures
can seriously affect the fit. of & facepiece.
The worker's diligence in cbserving these
factors shall be evalumted by periodic
check. To assure proper protection, the
focepiece fit shall be checked by the
wearer sach time he puts on the respira-
tor. This may be done by following the
manufacturer's {acepiece fitting instruc.
tions.

(i1} Providing respiratory protection
for individuals wearing corrective glasses
is a serious probiem. A proper seal cannot
be established if the temple bars of eye
glasses extend through the sealing edge
of the full faceplece. As a temporary
measure, glasses with short temple bars
or without temple bars may be taped to
the wearer's head. Wearing of contact
lenses in contaminated atmospheres with
a respirator shall not be allowed, Sys-
tems have been developed for mounting
corrective lenses inside full facepieces.
When s workman must wear corrective -
lenses as part of the faccpiece, the face-
piece and lenses shall be fitted by quali-
fled individuals to provide good vision,
comfort, and a gas-tight seal.

i1y If corrective spectacles or goggies
are required, they shall be worn 50 as
not to affect the At of the facepiece.
Proper selection of equipment will mini-
mize or avoid this problem.

(f) Maintenance and care of respira~
tors. (1} A program {or maintenance and
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eare of respirators shall bo adjusted to
the typo of plant, working conditions,
and hazards nvalved, and shall eludo
the following basio zorvices:

{1y Inapection for detects Ungiuding
alaak chorky,

Uiy Clenning and disinfoetnig,

(1) Fenalr, ,

Uv) Storage

Equipment shall be propely maintainod,
to retain its original effectivencess.

{2) () All respirators shall be in-
spected routinely before and after each
use. A rospirator that is not routinely
used but is kept ready for emergency
use shall be inspected after each use
and at least monthly to assure that It s
in satisfactory working condition.

(1) Self-coniained breathing appara-
tus shall be inspected monthly. Alr and
oxygen eylinders shall be fully charged
according to the manufacturcr’'s Instruc-
tions. It shall be deteninined that the
regulator and warning dovices funetion
properly.

(i) Respirstor inspectior. shall ine
clude & check of the tightness of cone
nections and the condition of the face-
piece, headbands, valves, connecting
tube, and canisters. Rubber or elastomer
parts shali be inspected for pliabllity
and signs of deterioration. Stretching
and manipulating rubber or elastomer
parts with & massaging action will keep
them pliable and flexibie and prevent
them from taking a set during storage.

v} A record shall be kept of inspec

tion dates and fAndings for respirators
maintained for emergency use.

(3) Routinely used respirators shall
be collected, cleaned, and disinfected as
{requently as necessary to insure that
proper protection s provided for the
wearer Respirators maintained for emergen-
ry l}l)!re shall be cleaned and disinfected alter
£3C1 use
[1910134(f){3) amended by 49 FR 5322. Feb-
ruary 1, 1984

(4) Replacement or repairs shall be
done only by experienced persons with
parts designed for the respirstor. No
attempt shall be made to replace com-
ponents or to make adjustment or re-
palrs beyond the manufacturer's recom-
mendations. Reducing or sdmission
valves or regulators shall be returned
to the manufacturer or to & trajned
technician for adjustment or repair.

{5) () After inspection, cleaning,
and necessary repair, respirators shall
be stored to protect against dust, sun-
light, heat, extreme cold, excessive
moisture, or damaging chemicals. Res-
pirators placed at stations and work
aress for emergency use should be
quickly sccessible at all times and
should be stored in compartments bulit
for the purpose, The compartments
should be clearly marked. Routinely
ured respiraters, such as dust respiia.

tors, wny be placed in plastic Lass, Renx
pirators zhiould pot be stored i suh
places ns loclkars or tool bases unloss
they ave In earrving erses or carlons.

1) Respieniuis should be packed or
stored g0 that the facepicco and exhalne
Uiy valvo vl rost In a normal position
and function will not bBe hapairsd by
the elustomwer setting in an-sbnormal
position,

Uiy Mstructions for proper storage
of emergency respirators, such as gas
masks and seif<contained hreathing
Apparatus, are found in “use and care”
{ustructions usually mounted Inside the
carrying case lid.

{g) Identification of par mask canis-
ters. (1) The primary means of identify-
ing & grs mask canister shall be by means
of properly worded labels. The secondary
means of identifying o gas mask canister
shall be by a eolor code.

€2)All who irsue or use gas masks fall-
ing within the scope of this section shall
sce that all gas mask canisters purchased
or used by then: are properly labeled and

‘aped in accordance with these require-
n. .’ before they are placed in service
ani .. at the iabels and colors are prop-
erly maintained at all times thereafter
unti] the canisters have completely
served their purpose.

(3) On each canister shall appear in
bold jetters the following:

[T
[of 321127 1 25 (- PN

{Name for atmospheric contaminant)
or

Typs N Gas Mask Canister

(1) In additlon, essentially the fol-
lowing wording shall appear beneath the
appropriate phrase on the canister

Inbel; “For resplratory protection in at-
mo:pheres containing not more than
~newwe POrcent by volume ci.........-...:

{Name of atmospheric contaminant)

(iii) [Revoked] .

4) Canisters having & special high-
efficiency filter for protection againat
radionuclides and other highly toxic par-
ticulates shall be labeled with s state-
ment of the type and degree of protec-
tion afforded by the fllter. The label
shall be affixed to the neck end of, or to
the gray stripe which is around and near
the top of, the canister, The degree of
protection shall be marked as the per-
cent of penetration of the canister by
& 0.3-micron-diameter dloctyl phthalste
(DOP) amoke at & flow rate of 85 liters
per minute,

<8) Each canister shall have 2 Iabel
warning that gas masks should be used
only in stmospheres containing suf-
cient oxygen o support lite (at least 18
percent by volume), since gas mask
canisters are only designed to neutralize
Oor remove contaminants from the air.

(6) Each gas mask canister shall be
painied a distinctive color or combina-
Lion of colors indicated in Table I-1. All
colors used shall be such that they are
clearly identifiable by the user and
clearly distinguishable from ore another.
The color coating used shall offer a high
degree of resistance to chipping, scaling,
peeling, blistering, fading, and the effects
of the ordinary atmosphéres to which
they may be exposed under normal con-
ditions of storage and use. Appropii-
ately colored pressure sensitive tape
may be used for the stripes,

[Section 1910.134ig)(3itiii) revoked at 43
FR 49726. Oclober 24. 1978. 1978, effective
November 24, 1978|

Tasex I-1

Atmospheric contaménants to be protected
apainst

Chiorine gaa.

Organic vap
Ammonis gas.. -
Aclc ga3es and AMMONIA B ccenrenneenunnn

Carbon MONORIAe. oo v eremvnvnmmmmnmmmmanmn
Acld gases and OIgARIE YRPOTS. .covovnuumwunnn
Hydrocyanic scld gas and chloropierin vapor.

Acid gases, organic vapors, and ammonis

ganes,

Radloective materisls, excepting tritium and
noble gases.

Particulates (dusts, fumes, mists, fogs, or
stmokes) in combination with sny of the
AbOVS EASES OT YAPOTE.

All of the sbove atmospheric contaminants..

Colora assigned®
White.

White with 15-inch green atripe completaly
sround the caniater near the bottom.

White with K-Inch yellow stripe completely
sround the canister near the bottom.

Black.

Green.

Qreen with %«inch white strips completely
sround the canister near the bottom,

Blus,

Yellow,

Yellow with %-Inch blue stripe completely
saround the canister nesr the bottom.

Brown.

Purple (Magents).

Canister color for contaminant, sa designated
above, with ¥ -inch gray strips completaly
around the canister near the top.

Bad with §-inch gray strips completely
around the canister nesr the top.

*Gray shall not De sssigned as the main color for & canister Sasignad 10 remore aclds of

YRPOTS.

Norz: Orange ahall be used a2 & complets hody. or stripe color $0 represent gases not
included in this table. The user will nesd to refer 1o the canister labsl to determine the

degres of protection the canister will afford.
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Appendix B
OSHA Occupational Noise Exposure Standard (29 CFR 1910.95)



cases where harmiul chemicals may he
splashed on parts of the body,

cviigl Operators with sores, burns, or
other skxiii lesions requring medical
treatment shall not be allawed to work
at their reguiar operations until 50 au«
tnorized by a physician. Any smail skin
abrasions, cuts, rash. or open sores whuch
are found or reported shall be treated by
a properiy designaied person so that
chances of exposures to the chemicais
are removed, Workers exposed to chro-
mie acids shall have a periodic examins-
tion madae of the noatrils and other parts
of the body, to detect nciptent ulceration.

ux: Sufficient washung facilities, in-
ciuding soap. individuai towels, and hot
water, shall be provided for all persons
required to use or handle any liquida
which may burn, irritate, or otherwise be
narmiul ‘o the skin, on the basls of ar
least one basin (or 1ts equivalent) with a
hot water [sucet {or every 10 employees,
See § 1910.141 ¢,

1x) Locker space or equivalent cloth-
N Storage [sciilties shall be pravided to
prevent contamunation of street clothing,

(x1) First ad {acuities specific to the
hazards of the operations conducted shall
e readily available,

1100 Special precautions for cyamde.
Dikes or other arrangements shall be
provided to prevent the possibliity of in-
termixing of cyanide and acid in the
event of tank rupture.

t11) Inspection., maintenance, and
mstaliation,

(1) Floors and platforms around tanks
shall be prevented from becoming slip-
pery both by original type of construc-
tion and by frequent flushing. They shall
be firm. sound. and of the design and
construction to minmmize the possibility
of Lipping.

(1) Before cleaning the interior of any
tank. the contents shail be drained off,
and the clesnout doors shall be opened
where provided. All pockets in tanks or
pits, where 1t 18 possible for hazardous
vADOTS to collect, shall be ventilated and
cleared of such vapors.

1) Tanks which have been drained
to permit empiloyees to enter for the
purposes of cleaning, inspection, or
mamienance may contain atmospheree«
whuch are hazardous 1o life or health
through the presence of flammable or
toxic air contaminants, or through the
sbsence of sutficient oxygen. Before em
pioyees shall be permitted to enter any
such tank, appropriste tests of the st.
mosphere shall be made to determine if
the limits set by subparagraph ¢2) (i)
of this parsgrash are exceedud, or i th
oxygen conct.itrntion 18 less than 193
percent,

«av) If the tests made in aceirdance
with subdiviston 1) of this subpcrae
graph indicate that the stmosphere 1n
the tank is unsafe. before any employee
s permitted to enter the tank, tie tank
shall be ventilated until the hagardous
atmosphere 15 removed, and ventiistion
shall be continued 50 as 0 prevent the
occurrence of » hazardous atmosphers
a3 long s an employee is in the tank,

iy If. in emergencies, such as rescue
work, it 18 necessary to enter & tank

WhCh may contain ¢ Rzardous atmoss
phere, suitable rest -ators, such as self-
contained breath... apparatus; hose
mask with blowei. il there s a possibality
of oxygen deficiency. or a gas mask. se-
lected and operated in accordance with
subparagraph (8 (v of this paragraph,
shall be used. If a contaminant in the
enk can cause dermatitis, or be ab-
sorbed through the skin, the employee
enter:ing 130 tank shall alsc wear protec.
tive clothing. At least one trained
stAndby employee, with suitable respira=
tor, shail be present in the nearest un-
contaminated area. The standby ems
ployee must be able to communicate with
the employee in the tank and be able
to haul him out of the tank with & lifc-
line if necessary

i) Maintenance work requiring weid-
ng or open flame, where oxic metal
fumes such as eadmium. chromium. or
jesd may be evolved, shall be done only
with suMicient local exhausr ventilation
L0 prevent the crestion of & heajth haz-
ard, or be done with respirators seiected
and used .n accordance with subpars-
graph 91 (v1) of this paragraph. Weld-
ing, or the use of open flames near sny
solvent cleaning equipment shall be per-
mitted only aiter such equipment has
first been thoroughly cieared of solvents
and vapors.

(12} Vapor degreasing tamks. (1) In
Any vapor degreasing tank equipped with
a condenser or vapor level thermostat,
the condenser or thermostat shall keep
the level of vapors below the top zdge
of the tank by s distance at least squal
o one-half the tank width. or at least
38 inches, whichever 1s shorter.

(1) Where gas 15 usec as & 1uel for
heating vapor degreasing tanks. the com-
bustion chamber shall be of tight con-
struction. except for such openings as
the exhaust fiue, and those that are nec-
essary for supplying air for combustion,
Flues shall be of corrosion«resistant con-
struction and shall extend to the outer
alr. If mechantical exhaust is used on
this flue. & draft diverter shall be used.
Special precautions must be taken to
prevent solvent fumes from entering the
combustion air of this or any other
heater when chiorinated or fluorinated
hydrocarbon solvents ¢for exampie, tri-
chioroethviene, Freon are used.

111} Heating elements shall be so de~
signed and muntained that their sur-
face temperature wil not cause the sol-
vent or rmxture to decompose, break
down, or be converted into an excessive
quantity of vapor,

(1v; Tanks or machines of more than
4 square feet of vapor ares. used for
solvent cleaning or vapor degreasing,
shail be equipped with suitable cieanout
or slucige doors located near the bottom
of each tank or still. These doors shall
be so acaigned and gaskoted that there
will be no leakage of solvent when they
are closed.

131 Scope. 11y This paragraph d}
applies to all operations invoiving the
ynmersion of materiais in liquids, or in
the vapors of suth liquids. for the pur-
pose ¢f clesrung or allenng their sure
faces, or adding or imparung s fAnish
thereto, or changing the character of the

matenals, and their subsequent removai
from the hquids or vapors, drasmng, and
drying. Such operations incjude wash-
iNE, eiectroplaling. anodizing, picklng,
quencning. drene. dipPIDE,  lAnmng,
aressing. oleaching, degreasng. alkaline
Cieaning. Stripping, nNng. cigesting.
and otner similar operations, but do not
include molien matenais handing op-
erations. or sur{ace coating oparations

it "Molten matemals handling op-
erations ' means all operations, other
than welding. burning. and soldering op-
erationis. (nvoiving the use, melting.
smelting. or pouning of metals, alloys,
salts, or other simijar substances in the
molten state. Such operations also in-
¢lude heat treating baths, descaling
baths die casting stereotvping, falvaniz-
g, unnIng, and similar aperations.

a0 vBurface  coaling  operations”
means all operations invoiving the sppli-
cation of protective, decorative. adhesive,
oF Sirengihening coaling or impregha-
10N 10 one or more surfaces, or :nto the
interstices of any oblect ar matenal, by
means of spraving. spreading, flowing,
bruscung, roli coating. pourning, cement-
ing. or simiar means: and any subse-
quent draining or drying operations. ex-
cluding open-tank operations.

iSections 1910.941c1i5:inhi and (cvS i
revoked at 43 FR 49726, October 24. 1978,
sifective November 24. 1978

§ 1910.95 Occupationsl noise exposure.

ta) Protection against the effects of
noise exposure shall be provided when
the sound levels exceed those shown in
Table G-16 when measured on the A
scale of a standard sound level meter at
slow response. When noise levels are de-
termined by octave band analysis, the
cquivalent A-weighted sound level may
be determined as follows:

A L 1

OCravE B0 SOUND FREASURL tEVRL
w DECHELY

FQUICALENT & whianTlO

404

130 200 SDO 1000 JOWD 4000 8GO0

SAND CENIER IREGUIRCY i CYCLES MK SICOND
Equivalent sound lsvel comtours, Octave
band sound pressure levels may be cone
veried to the squivaisnt A-welghted sound
jevel by PIOLUDE thess oD this greph and
ooting the A-walghtsd sound level corve.
sponding 1o the potat of highest DeRstration
into the sound level contours. This equiva-
lent Aswelghted sound Invel, whith may
aiffer from the sctual A-weighted sound
itvel of the noise. i uend O determine
sxposure iimiwe 7ot Tabie O-16.
35«'?1910 93 amen.ied at 39 FR 19468, June
, 19741

(B) (1% When em,: i 7oes are subjectad
10 sound exceeding those listed ia Table




G-10. feasible administrative or
enginegering controls shall be utilized.
It such controis fail to reduce sound
levels within the leveis of Table G-16,
personal protective equipment shall be
provided and used to reduce sound
levels within the levels of the table,

(2) If the variations in nowse level in-
voive maxima at intervals of | second
or less, it is to be considered continu-
Du‘-

TASLE G- 16—PERMBSIBLE NOISE

ExpOsunes !
Sound
Durason per ey, hours "":"“
RONSe
. »
s . 9
.. 4
H 1
? | 100
]

5
8
5

P 2

[Sec. 1910.95 Table G-16 amended at 39
FR 19468, June 3, 1974)

{Section 1910.95(c)—(s) and Appendices
A—1I amended by 46 FR 4161, January
16, 1981)

(¢) Hearing conservalion program
(1) The employer shall administer a
continuing. effective hearing conserva-
tion program, a&s described in pars.
graphs (¢) through (0} of this section,
whenever employee noise exposures
equal or exceed an 8-hour time-weight-
ed average sound level (TWA) of 85
decibeis measured on the A scale (slow
response) or, equivaiently, a dose of
fifty percent. For purposes of the
hearing conservation program, emn
ployee noise exposures shall be com-
puted in accordance with Appendix A
and Table G-16a, and without regard
to any sttenuation provided by the use
of personal protective equipment.

(2) For purposes of paragraphs (¢)
through (n) of this section, an 8-hour
time-weighted average of 85 decibels
or & dose of {ifty percent shall also be
referred to as the sction level.

(d) Monitoning. (1) When informa-
tion indicates that any employee’'s ex-

#

poaure may equal or exceed an 8-hour
time-weighted aversge of 88 decibeis,
the employer shall develop and impie-
ment & monitoring program.

1) The sampling strategy shall be
designed to idenuty empioyees for in-
ciusion 1n the hearing conservation
program and to enabie the proper se.
lection of hearing protectors.

til) Where circumstances such as
high worker mobility, significant vari-
ations in sound level, or a significant
component of impulse noise make area
monitoring generally inappropriate,
the employer shall use representative
personal sampling to compiy with the
monitoring requirements of this para.
grapbh uniess the empioyer can show
that sres sampling produces equiva-
lent results.

(2X1) All continuous., intermittent
and impulsive sound levels from 20
decibeis to 130 decibela shall be inte-
grated into the noise measurements.

(i1) Instruments used to measure em-
ployee nouse exposure shall be cali
brated 0 ensure measurement ACCura-
cy.
t3) Monitoring shall be repesated
whenever a change in production,
process. equipment or controls in-
c;el.m noise exposures to the extent
that

-« ‘onal employees may be ex-
St Dt v hove the action jevel: or
‘tenuation provided by
.- ' tors being used by em-
© v ‘s e rendered inadequate
A Y requirements of pars-
¢Tapl (¢ .nis section.

te) bmployee notification. The em-
pluyer shall notify esch empioyee ex-
posed at or above an 8.hour time-
weighted average of 85 decibeis of the
resuits of the monitoring.

1) Observation of moniloring. The
employer shall provide affected em-
ployees or their representatives with
an opportunity to observe any noise
measurements conducted pursuant to
this section.

(g) Audiometric lesting program. (1)
The employer shall establish and
maintain an audiometric testing pro-
gram as provided in this parsgraph by
making sudiometric testing available
to all employees whose exposures
equal or exceed an 8-hour time-weight-
ed average of 85 decibeis.

(2) The program shall be provided at
no cost to empioyees.

(3) Audiometric tests shail be per.
formed by & licensed or certified au-
diologist. otolaryngologist. or other

physician, or by a technician who is
certified by the Council of Accredita.
tion 1n Occupationsl Hearing Conaer-
vation, or who has satisfactorily dem-
onatrated competence in administering
audiometric examinations, obtaining
valid sudiograms, and properly using,
maintaming and checking calibration
and proper functioning of the audiom-
eters being used. A technician who op-
Srales mMICroprocessor  audiometers
does not need to be certified. A techru-
cian who performs audiometric tests
must be responaible t0 an audiologist,
otolaryngologist or physician.

(4) All audiograms obtained pursu.
ant o this section shall meet the re-
quirementa of Appendix C: Audiome-
tric Measunng Instruments.

(3) Baseline audiogram. (i) Within &
months of an employee's first expo-
sure at or above the action level, the
employer shall establish a valid base.
line audiogram agmnst which subse-
quent sudiograms can be

(i§) Mobile test van exception. Where
mobile test vans are used (0 meet the
audiometric testing obligation, the em-
pioyer shall obtain & valid baseline
audiogram within | year of an employ-
ee's first exposure at or above the
action level. Where baseline audio-
grams are obtained more than &
months after the employee's {irst ex-
posure at or above the action level,
employees shall wearing hearing pro-
tectors [Or any penod exceeding six
months after first exposure until the
baseline audiogram is obtained.

{iit) Testing to establish a baseline
sudiogram shall be preceded by at
least 14 hourz without exposure to
workplace noise. Hearing protectors
may be used as s substitute for the re-
quirement that baseline audiograms
be preceded by 14 hours without expo-
sure o workplace noise.

tiv) The employer shall notify em-
ployees of the need to avoid high
levels of non-occupational noise expo-
sure during the 14-hour period imme-
diately preceding the audiometric ex.
amanation.

(8) Annual audiogram. At least an-
nually sfter obtaining the baseiine
sudiogram. the employer shall obtamn
a new sudiogram for esch employee
exposed at or above an 8-hour time-
weighted average of 85 decibels.

(T) Evaluation of audiogram. (i)
Esch employee's snnual audiogram
shall be compared to that employee’s
baseline audiogram to determine if the
sudiogram is valid and if & standard
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threshoid shift as defined In para.
kraph (gX10) of this section haa oc-
curred. This comparison may be done
by & technician,

() If the anpual audiogram shows
that an empioyee has suffered a atand-
ard threshold shift, the employer may
obtain & retest within 30 days and con-
sider the resuits of the retest as the
annual audiogram.

(1i1) The audiologist. otolaryngolo-
gist, or physician shall review problem
audiograms and shall determine
whether there i3 a need for further
evalustion. The employer shall pro-
vide 1o the person performing this
evaluation the following information:

(A) A copy of the requirements for
hearing conservation as set forth (n
paragraphs {(¢) through (n) of this scc.
tion;

tB) The baseline audiogram and
most recent sudiogram of the employ-
ee to be evaluated;

(C) Measurements of background
sound pressure levels in the audiome.
tric test room as required in Appendix
D: Audlometric Test Rooms,

(D) Records of audiometer cailbra-
tions required by puragraph (hx$8) of
this section.

t8) Follow-up procedures. (1) If a
comparison of the annual sudiogram
to the baseline audlogram indicates a
standard threshold shift as defined in
paragraph (gX10) of this section has
occurred, the employee shall be in.
formed of this fact in writing, within
21 days of the determination.

(i) Undess a physician determines
that the standard threshold shift 1s
not work related or aggravated by oc-
cupational noise exposure, the em-
ployer shall ensure that the following
steps are taken when & standard
threshold shift occurs:

(A} Employees not using hearing
protectors shail be fitted with hearing
protectors. trained in their use and
care, and required to use them,

{R) Employees already using hearing
protectors shall be refitted and re-.
trained in the use of hearing protec.
tors and provided with hearing protec-
tors offering gresler attenuation if
Necessary.

(C) The employer shall be referred
for a clinical audiological evaluation or
an otclogical examination. as appro-
priate, if sdditionai testing is neces.
sary or if the empioyer suspects that a
medical pathology of the ear is caused
or aggravated by tiie wearing of hear.
Ing protectors.

(D) The empioyee 15 informed of the
need [or an otological examination if &
medical pathology of the ear that is
unrelated Lo Lthe use of hearing protec.
Lors is suspected,

tHiy 1f subsequent sudiometric test-
ing of an employee whose exposure to
noise {5 less than an 8.-hour TWA of 80
decibels indicates that a standard
threshold shift is not persistent, the
employer:

{A) Shall inform the employee of
the new audiometric interpretation:
and

(8) May discontinue Lhe reguired
use of hearing protectors for that em.
ployee,

(9} Remsed baseline. An annual
audiogram may be substituted for the
baseline sudiogram when, in the judg-
ment of the audiologist, otolaryngolo-
gist or physician who 1s evalusting the
audiogram:

(1) The standard threshoid shift re-
vealed by the audiogram 1s persistent.

or

tif) The hearing threshold shouwn in
the annual audiogram indicates sigmf.
icant improvement over the baseline
audiogram.

110) Standard threshold shuft. (1) As
used in this section. a standard thresh-
old shift is & change in hearing thresh-
old reiative to the baseline audiogram
of an average of 10 dB or more at
2000, 3000, and 4000 Hz in either ear.

tii) In determining whether a stand-
ard threshold shift has occurred. al-
lowance may be made for the contri-
bution of sging (presbycusis) to the
change in hearing level by correcting
the annual sudiogram according to
the procedure described in Appendix
F: Calculation and Application of Age
Correction to Audiogramy.

{h} Audiomelnc test requirements.
(1) Audiometric tests shall be pure
tone, air conduction, hearing thresh-
old examinations, with test frequen-
cies including as & minimum 500, 1000,
2000, 3000, 4000, and 6000 Hz. Tests at
each frequency shall be taken sepa-
rately for each ear.

(2) Audiometric tests shall be con.
ducted with audiometers (inciuding
mICToprocessor  audiometers) that
meet the specifications of, and are
maintained and used in sccordance
with, American National Standsard
?&e:mcauon for Audiometers, S3.6-

(3} Pulsed-tone and self.-recording
sudiometers, if used, shall meet Lhe re-
quirements specified in Appendix C:

Audiometnc Measuring /nstrumenls.

t4) Audiometric examinations shall
be administered in & room meeting the
requirements listed in Appendix D:
Audiometric Test Rooms,

18} Audiometer calidration. (i) The
functionsl operation of the sudiome-
ter shall be checked before each day's
use by testing a person with known,
stabie hearing threshoids. and by iis-
tening to the audiometer's output to
make sure that the output is free from
distorted or unwanted sounds. Dew.
ations of 10 decibeis or greater reguire
an acoustic calibration,

011} Audiometer calibration shall be
checked acoustically at ieast annually
in accordance with Appendix E: AcOous-
tic Cclibrotion of Audiometers. Test
[requr :cies Delow 500 Hz and above
6000 liz may be omitted from this
check. Deviations of 15 decibels or
greater require an exhaustive calibra-
tion,

‘11t An exhaustive calibration shall
be performed at least every two years
i accordance with sections 4.1.2.
4134143 42 44.1: 44.2: 443 and
4.5 of the Amencan National Standard
Specifieation for Audiometers, S3.6-
1969. Test {requencies bejow 500 Hz
and above 6000 H:z may be omitted
from this calibration.

(i) Heanny protectors. (1) Employers
shall make hearing protectors avail-
able to all employees exposed to an 8-
hour time-weighted aversge of 85 deci-
bels or greater at no cost to the em-
ployees. Hearing protectors shall be
replaced &3 necessary.

12} Employers shall ensure that
hearing proteclors are worn:

(i} By an employee who is required
by paragraph (bx1) of this section to
we;r personal protective egquipment.
an:

«i1) By any employee who is exposed
to an 8-hour time-weighted average of
85 decibels or greater, and who:

(A) Has not yet had a baseline audio-
gram established pursuant 1o para-
graph (g8l or

tB) Haa experienced a standard
threshold shift.

(3) Employees shall be given the op-
portunity to select their hearing pro-
tectors from & variety of suitable hear-
ing protectors provided by the employ-
er.

(4) The employer shall provide train-
ing in the use and care of all hearing
protectors provided to employees.

(5) The employer shall ensure
proper initia} fitting and supervise the
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correct use of all hearing protectors.

{§) Heaning protecior attenuation.
(1) The empioy«r shall evaluste hear-
ing protector atlenuation for the spe-
cific noise environmenta in which the
protector will be used. The empioyer
shall use one of the evaluation meth-
ods described in Appendix B: Methods
Jor Estimating the Adequacy of Hear-
wng Proleclion Atltenuation.

(2) Hesring protectors must attenu-
ate empioyee exposure at least Lo an 8.
hour time-weig fited average of $0 dect-
bels as required by paragraph (b) of
this section.

(3) For empioyees who have experi-
enced a standsrd threshold shift, hear-
ing protectors must attenuate employ-
ee exposure to an 8-hour time-welight.
ed average of 35 decibels or below,

(4) The adequacy of hearing protec-
tor attenuation ahsll be re-evalusted
whenever employee noise exposures
{ncrease 1o the extent that the hear-
ing protectors provided may no longer
provide adequate attenuation. The em-
ployer shall provide more effective
hearing protectors where nNecessary.

(k) Training progrem. (1) The em-
ployer shall institute & training pro-
gram for all empioyees who are ex-
posed Lo noise at or above an §-hour
time-weighted average of 85 decibels,
and shall enaure employee participa-
tion in such program.

(2) The training program shall be re-
peated annually for each employee in-
cluded In the hearing conservation
program. Information provided in the
training program shall be updated to
be consistent with changes in protec-
tive equipraent and work processes.

(3) The employer shall ensure that
esch employee is informed of the fol-

lowing:

(1) The efiects of noise on hearing:

(iiY The purpose of hesaring protec-
tors. the sdvantages, disadvantages,
and attenuation of various types, and
inatructions on selection, fitting, use,
and care: and

(ii) The purpose of sudiometric test.
ing. and an explanstion of the test
procedures.

(1) Access to information and train.
ing materials. (1) The employer shall
make available to affected employees
or their representatives coples of this
standard and shall also post a copy in
the workplace,

(2) The employer shall provide Lo af-
fected employees any informational
materials pertaining to the standsrd
that are supplied to the employer by
the Assistant Secretary.

(3) The employer shall provide, upon
request, all materiala related to the
employer's training and education pro-
gram pertaining to this standard to
:2: Assistant Secretary and the Diree-

r.

() Recordkeepsng—(1) Exzposure
measurementa. The employer shall
maintain an sccurate record of all em-
ployee exposure messurements re-
q;und by paragraph (d) of this sec-
tion.

(2) Audiometric (lests. (1) The em-
ployer shall retain all empioyee audio-
metric test records obtained pursuant
to paragraph (g) of this section:

(i) This record shall include:

(A) Name and job classification of
the employee:

(B) Date of the audiogram.

(C) The examiner's name:;

(D) Date of the last acoustic or ex-
haustive calibration of the audiome-
ter; and

(E) Employee's most recent noise ex-
posure sssessnent.

() The employer shall maintain ac.
curste records of the measurements of
the background sound pressure levels
in audiometric test rooms.

(3) Record reteniton. The employer
shall retain records required in this
parsgraph (m) for at least the follow.
ing periods.

(1) Noise exposure measurement
records shall be retained for two years.

1) Audiometric test records shall be

tended to create any additional oblige-
tions not otherwise imposed or Lo de-
tract (rom any existing obligations.

(o) Ezemptions. Parsgraphs (¢)
through (n) of this section shall not
apply to employers engaged in oil and
gas well drilling and servicing oper-
ations,

(p) Startup dale. Baseline audio-
grams required by parsgraph (g) of

section shall be compieted b
%cb 1, 1084, y
[1910.95, Appendix A amended by 54 FR
24333, June 7, 1989)
{Approved by the Office of Management
% ’lludnt under control rumber 1218~

{Section 1910.95(c)—(p) revised by 48
FR 9776, March 8, 1983}
[Secuion 1910.95(q)—(s) deleted by 48
FR 9776, March 8, (98]

|Editor's mote: The Occupationsl Salety
and Health Admimstration June 28. (983
(48 FR 29687) corrected the amendatory
language which was published at 48 FR
9776. March 8, 1983, 10 reflect the agen-
Cy's intention to deicte paragraphs (q)—
(s). The correction was done carlier by
editor.|
[Appendices A—| revised by 48 FR 9776,
March 8, 1983}

Arrsoix A: Notss EXrosuns COMPUTATION
This Appendiz (2 Mandatory
1. Computation of Employse Noise Expo-

retained for the duration of the affect. sw*

ed employee’s employment.

(4) Access to records. All records re-
quired by thias section shall be provid-
ed upon request to employees, former
employees, representatives designated
by the individual employee, and the
Assistant Secretary. The provisions of
28 CFR 101020 (a)<e) and {(g)<i)
sbply 10 access Lo records under this
section.

(3) Tranafer of records. If the em-
ployer ceases to do business, the em-
ployer shall transfer to the successor
employer all records required to be
maintained by this section, snd the
successor employer shall retain them
for the remainder of the period pre-
scribed in paragraph (m) (1) of this
section.

(n) Appendices. (1) Appendices A, B,
C, D, and E to this section are incorpoe-
rated as part of this section and the
contents of these Appendices are man-
datory.

{(2) Appendices F and G t0 this sec.
tion are informational and are not in-

(1) Nolse dose 3 computed using Tadie G-
188 88 follows:
1) When the sound level. L. is constant

of two or more periods of nowse at
different levels. the total noise dose over the
work day is given by:

DulC/T. e C/Tae ...+ CJ/T)

where C, indicates the total tine of expo-
sure at a specific noise level, and T, indl.
cates the reference duration for that ievel
»s given by Table G-18a.

(2) The eight-hour time-weighted aversge
sound Jevel (TWA), in decibels. may be eom-
puted from the dose, in peroant. by meahs
of the formuls: TWA«18.61 log. (D/
100)+ 90. For an eight-hour workshift with
the noise level constant over the entire

shift, the TWA s equal t0 the messured
sound

level.
(3) A tabie reiating doss and TWA 1 given
in Bection 11,
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in the sbove table the reference duration,
T, is computed by

L
P tadd

where L s the measured A-weighted sound
level.

11. Conversion Betwesn “Dose”” and “$-Hour
Time-Weighted Aversge” Sound Level

Compliance with paragraphs (¢)>-(r) of thia
reguistion is determined by the amount of

sxposure o noise in the workplace. The
amount of such exposure is usually mess-
ured with an audiodosimeter which gives &
readout In terma of “dose.” In order to
betier understand ths requirements of the
unendment, dosimmeter readings can be eon-
vertad (o an “B:-hour time-weighted average
sound level,” (TWA).

cent exposure sccording to the mm
re

in Table Q-16a. 8o, for sxample, s duse of
#1 perosnt over an eight hour day resuits in
s TWA of 99,3 dB, and, a dose of §0 peroent
corresponds Lo & TWA of 88 dB,

H
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TABLE A-1--CONVERBON FROM "PERCENY
NOISE ExPOSURE” OR "'DOSE" TO "B:-HOUR
TIME - WEICHTED AVERAGE SOUND LEVEL"
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Armnxx 8 R:raou roR ESTIMATING THE

Y or PROTECTOR AT
TENUATION
This Appendis W Nandatory

For empioyees who have experienced &
slgnuficant threshold shift. hearing protec
tor attenustion must be suilicient to reduce
empioyee exposure to & TWA of 85 dB. Em-
ployers must seiect one of the following
methods by which Lo estimate the adequacy
of hearing protector attenuation.

The most convenient method i3 the Noise
Reduction Rating (NRR) developed by the
Environmental Protection Agency (EPA)
Acrording to EPA regulstion. the NRR
must be shown on the hesring protector
package. The NRR is then reiated to an in-
dividual workers noise environment In
qrder Lo sasesms the adequscy of the attenu.
ation of & given hearing protector. This Ap-
pendix descrides four methods of using the
NRR to determine whether & particular
hearing protector provides adeguate protec.
tion within & given exposure environment,
Selection among the four procedures s de-

pendent upon the employer's nowue measur:
ing inatruments.

Instead of using the NRR, empioyers may
*valuate the adequacy of hearing protector
attenustion by using one of the three meth.
0ds developed by the Nationai Institute for
Qccupational Safety and Healih 1 NIOSH),
which are described in the “Last of Personai
Hearing Protectors and Attenustion Daw.”
HEW Publication No 76-120. 1973, pages
21.37. These methods are known as NIOSH
methods #i, #2 and #3. The NRR descrided
beiow & & simphtication of NIOSH method
#3. The most complex method u NIOSH
method #1. which i probably the most s
CUraie method since it uses the largest
amount of spectrai information from the in-
dividual smpioyee's noise environmeni. As
in Lthe case of the NRR method dr eribed
below, If one of the NIOSH methoc: 'y viavd,
the selected method must de applizu 10 an
individual’s nowe environment (0 asscss the
sdequscy of the attenuation. Employers
should be careful to take a sufficient
number of messurements in  order o
achieve a represeniative sampie for esch
Ltime segment.

Norx The empioyer must remember that
caiculnted stienuation values reflect reslis-
tie values only to the extent that the prowe.
Lors are properly fitted and worn.

When using the NRR (0 assess hearing

protecior adequacy. one of Lthe following
methods must be used:

1) When using & dosimeter that is capable’

of C.weighted measurements:

(A) Obtain the empioyee's C-weighted
dose {or the entire workshift, and convert to
TWA (see Appendix A, 11).

tB) Bubtract the NRR {rom the C-weight.
ed TWA to obtain the estimated A-weighted
TWA under the ear protecior.

tit) When using » dosimeter that is not ca.
pable of C-weighted measurements, the fol-
lowing method may be used:

tA) Convert the A.weighted dose Lo TWA
(see Appendix A).

«(B7 Subtract T dB from the NRR.

(C) Subtract the remainder from the A«
weighted TWA 1o odlain the estimated A.
weighted TWA under the ear protector.

(i} When using a sound level meter set to
the A-weighting network:

({A) Qutain the employee's A-weighted
TWA,

(B Subtract 7 dB {rom the NRR. and 3ub-
tract the remainder {rom the A-weighted
TWA to obtain the estimated A -weighted
TWA under the ear protecior.

(v} When using & sound level meter sel on
the C.weghting network:

(A} QbLaIn & representative sampie of the
C.weighted sound levels i the empioyes's
environment,

(B) Sudbtract the NRR {rom the C-neight.
ed sversge sound level Lo oblain the est-
mated A-weighted TWA under the ear pro-
tector,

(v When using &rea monitoring proce.

dures and a sound level metar set 1o the A
weighing network,

‘A) OUWAIR & representalive sound level
for the area un question.

B} Subtract 7 dB from the NRR and sud-
iract the rematnder from the A-weghted
sound level for that area.

ivi) When using sres monhitoring proce-
dures and & sound level meter st to the C-
weighting network:

(A) OBtain & representative sound level
{or the ares In question,

L8 Subtract the NRR from the C.weight.
ed sound level for that area.

Arrpenix C: AUDIONETRIC MEASURING
InsTATMENTS

ThLs Appendis 13 Mendatory
1. In the event that puised-tone sudiome-

with the foliowing requirements:

(A} The chart upon which the Wﬂn
is traced shall have iines al positions corre.
sponding to all multipies of 10 dB Mlnnt
level within the intensity rangs spanned by
the sudiomster. The lines shall be equaily
spaced and shall be separsted by at jesst
inch. Additional increments are optional.
The sudiogram pen tracinigs ahail not
exceed 1 dB In width.

tB1 It shall be possible to set the stylus
manusily at the 10.dB Increment lines for
ealibration purposes.

(C) The siewing rate for the sudiometer
atienuator shall not be more than § dB/sec
except Lthatl an initial slewing rate grester
than 6 dB/sec 13 permitiad at the Deginning
of each new lest frequancy. but only until
the second subject response.

(D) The sudiometer shall remain st esch
required test frequency for )0 seconds (= 3
secondsy. The audiogram shall be cleariy
marked at esch change of frequency and
the sttusl {requency change of the audiom-
eter shall not deviate ftom the frequency
boundaries marked on the audiogram by
more than = ] seconda.

tE) It must be possible at esch test fre.
quency L place & horizontal line segment
varaliel to the time axis on the sudiogram.
such that the audiometric tracing crosses
the line segment At ieast sin times at that
test {requency. At each test frequency the
threshold shall be the average of the nic
points of the tracing excursions.

Arrgnnix D Avproneraic Test Roows

This Appendiz u M&ndatory

Rooms used for audipmetric teating shall
not have background sound pressure levely
excecding those in Tabie D-1 when meas.
ured by equipinent conforming st least o
the Type 2 requirements of American Na.
tional Standard Specification for Sound
Level Meters, §1.4-1971 tRI976), and to the
Claas 1) requirements of Amaeriean National
Standard Specification for Octave, Half.
Octave, and Third-Octave Band Fiter Sew,
S1.11-197) (R1978).
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Tastg D-1-~MAXIMUM ALLOWABLE OCTAVE-
BAND SOUND PRESSUNE LEVELS FOR AUDIO
METRIC TEST ROOMS

e

neoueney (T} 500 000G XNN0 4000 000
MUMN

ol . . . @0 40 47 11 (V]

Arrensix E: Acoustic CALIBRATIONR OF
ADDIONETIERS

Thiz Appendix s Mandatory

Audiometar calibration shall be checked
acouaticaily, at least annuaily, sccording to
the proceduress described in this Appendix.

Bureau of Standards $A coupler. In making
these messurements, the atouracy of the
calibrsting equipmant shall be sufficlent to
determine that the audiometer B within the
tolerances permiited by American Standard
Specification for Audiometers, 83.8-1969,

1) Sound Pressure Ouipwt Check

A. Place the earphone cuupler over the
microphone of the sound level meter and
piace Lthe earphione on the coupler,

B. Set the audiometer's hearing threshoid
level (HTL} disl to 70 dB.

C. Measure the sound pressure level of the
tones st each test frequency from 500 Hz
through 6000 He for each earphone.

D. At esch (requency the readout on the
sound level meter should correspond to the
levels in Tadble E-1 or Table E-2, aa appro-
priate. for the type of earphone, in the
column enutied ~“sound level meter read-
ing."

(2) Lineanty Check

A. With the earphone in place, sel the (re-
quency to 1000 Hz and the HTL dial on the
audometer to 70 dB.

B. Measure the saund levels in the coupler
at esch 10.dP decrement from 70 dB to 10
dB. noting the sound ievel meter reading st
esch setting.

C, For eschh 10-dB decrement on the audi-
ometer the sound ievel meter shouid ndi-
cate & corresponding 10 dB decreass,

D. This measurement may be made elec:
trically with a veitmeter connected to the
carphone terminals,

tJ} Tolerances

When sny of the measured sound fevels
deviate {rom the levels in Table E-1 or
Tabie E-2 by = 3 dB st any test frequeincy
betneen 500 and 3000 Hz, 4 dB at 4000 Mz,
ar & dB at $000 Hz. an exhaustive calibra-
tion ia sdvised. An exhsustive calibration i
required if the devistions are grester ihan
15 dB or greater at any test frequency,

TABME E«1—~REFERENCE THRESHCLD LEVELS
FOR TELEMMONICS—TDH-39 EaAnemones
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APPENRIR I CALCULATIONS AND APPLICATION
oP AGE CORRECTIONS TO AUDIOGRAMS

This Appendix Is Non-Mandatory

In determining whether a standsrd
threshold shift has occurred. sllowsnce may
e made for the contribution of sging to the
change in hearing level by sdjusting the
most recent audiogram. If the empioyer
chooses to sdjust the sudiogram, the em:
ployer chali follow the procedure described
below. This procedure and the sge correc:
tion tablez were developed by the Nationsi
inatitute fer Occupational Safety and
H«uh in the criteria document entitied

“Criteria for 8 Recommended Standard .
Oeen“wstm Exposure o Noise,” «mnn-

For easi: sudiometrie test frequency;

(1) Determine from Tabies P-1 or F-2 the
age correction values for the employere by:

(A) Finding the age at which thc most
recent asudiogram wus taken and recording
the corresponding values of age corrections
at 1000 Hz through 6000 Hx:

(B) Pinding the sge at which the bassline
audiogram was taken and recording the cor-
responding values of age corrections at 1000
Hx through 6000 Ha,

(1) Bubtract the vaiues found In step
(X B} from the value found In step (IXA).

{Appendix F/B(ii) corrected by 48 FR
39687, June 23, 1983]

til} The differences caiculaied in siep i)
represented Lhat portion of the change (n
hearing that may be due L0 agIng.

Examre: Empioyee 5 & 33.year-cid male.
The sudiometric hastory [or his right ear i3
shown in decibels beiow,

€ AUOMETL ot Seouveny Ha}
bl 000 XXC X000 4000 8000

n. 19 % 5 \L] $
‘27 9 ] 0 $ ]
n. ] ¢ ] ] ]
. k] ¢ $ 'S 4
» s ] 9 ] o
n ] 9 2 5 "
‘3 4 w0 "0 i 2

The sudiogram at age 27 (s considered the
baseline since 1t shows the best hearing
threshold leveis. Asterisks have been used to
identify the baseline snd most recent audlo.
eram. A threshold shuft of 20 dE exists st
4000 Hs beiween the sudiograms taken st
ages 37 and 32,

The threshold shift is computed by sub-
teacting the heamng threshoid at age 27,
which waa §, from the hearing threshoid st
age 32, which 18 25). A retest audiogram has
confirmed this shift. The contribution of
agIng to this change in hearing may be esti.
mated in the following manner:

Go to Table P-1 snd find the sge corres:
uon;um {in dB) for 4000 Hz st age 27 and
age 32

age 22 . s s r 9 "
Age 27 s . (] ' u
oterancs .. ' 1 ' 3 3

The difference represents the amount of
heaning loss that may be attributed to sfing
in the time period between the baseline
audiogram and the most recent audliogram.
In this exampie, the difference at 4000 Hz is
3 dB. This value is subtracted from Lhe
hearing jevel at 4000 Mz, which in the most
recent audiogram & 28, yielding 22 after ad
justment. Then the heanng threshoid in
the bassiine audiogram at 4000 Hy (53 s
subtracted (rom the sdjusted annusi audio-
eram hearing threshold at 4000 Hz (22).
Thus the agecorrecied (hreshold shift
would be 17 dB (as opposed to & threshold
shift of 20 dB without age corrections.
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TABLE F-1--AGE CORRICTION VALUES N

TaLE F-2--A0R CORRECTION VALURS N

menta Lo measure noise exposures: the
sound level meter and the dosimeter. A
sountd level meter 1s & device that measures
the intenaily of sound &L & given moment,
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HEAE 1 ArrEnoix G: MoniToning Noist Levens
M . 14 . * NON-MANDATORY INFORMATIONAL APPENDIX
: : :; ;? : This sppendin provides information to
0 . " b s help employers cornply with Lhe nowse moni.
M s e i 2 loning obligations that are part of the hear-
M 0 o 24 2s INE conservation amendment.
ig ' WHNAT 13 TNE PURPOSE OF NOISE MUNITOR-
[} (] 2 E] ne?
w 10 " % 2 !
10 " T 7 FH ‘This revised amendment requires Lthat em-
1] 1" 2 2 3¢ ployees be piaced in a hearing conservalion
0 " i ] ¥ program i they are exposed (0 aversge
i 2 22 3 3% noise leveis of 83 dB or grester during an §
. " :g g: gg :: hour workday. In order Lo delermine if ex.
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Dosures are st or above this jevel, it may be
necessary (o mensure or monitor the actusi
noise leveis in the workplace and 10 esti-
mate the noise expoaure or “doas” received
by employees during the workday.

WHEN 13 [T NECESSARY YO IMPLEMENT &
NOLIBE MONITORING PROGRAM?

It is not necessary {or every empioyer to
measure workpisce nowe. Nolse monitoring
or mesauring must be conducted only when
exposures are at or sbove 85 dB. Faclons
shich suggest that noise exposures in the
workpisce may be at Lhis level include em-
ployee compleints about the icudness of
noise, indications that empioyees are losing
thewr hearing, or nolsy conditions which
make nhormal conversation difficult. The
employer shouid also connder any \nforma.
tion avalisbie regarding nolse emitied from
specific machines. In sddition. actusl work-
place noise measurements can suggest
whether or not s monitoring program
should be Initisted.

How 13 #01SE MEASURED?

Basicsliy. there are two different instru.

Since @ level meters provide A mesaure
of sound intensity st only one point in time,
1t 15 generally necessary to take & number of
measurements st different times during the
day Lo estimate nous eXposure over & work:
day. If notse levels Nuctusie, the amount of
time noe remains &t each of the vanous
measured levels must be determined.

To estimste employee nomse exposures
with 8 sound level meter it is slso generally
necessary to take several measurementa at
different locations within the workpiace.
After appropriste sound level meter read
ings are oblained. peopie somelimes draw
“maps” of the sound levels within different
areas of the workpisce, By using s sound
level “map” and informstion on empicyee
loeations througheut the day, estimates of
individusl exposure levels can be developed.
This measurement method s genersily re-
ferred to a8 area noise moniLoring.

A dosimeter 13 like 8 sound level meter
except thst it stores sound level measure-
ments and integrates these messurements
OvVer Lime, Providing &N average nNoWe eXpo-
sure reading {or & given period of time. such
A8 an B-hour workdsy. With a dosimeter. »
microphone & attached to the employee's
clothing and the exposure messurement is
sumply resd st the end of the desired time
period. A resder may be used to read-out
the dosimeter's measurements. Since the do.
simeter 13 worn by the employes. it meas.
ures noise levels in Lthose locstions in which
the employse travels. A sound level meter
cAn also be positioned within the immediate
vicihity of the exposed worker 1o oblain an
individual exposure estimate. Such proce-
dures are generally referred Lo as personal
noise montloring.

Ares moriioring can be used to estimate
Nolse EXpOSUre when the nowe leveis are rel-
stively constant and employees are not
mobile. In workpisces where empioyees
move sbout in dilfer»nt sreas or where the
noise intensity tends Lo fluctuste over Lime,
noise exposure is generally more accurately
vstimstied Dy the personsl monitoring ap-
prosch.

In situstions where personal monnoring is
Appropriate. proper pomtioning of the
microphons 1s Necessary 10 obtain sccurste
measurements. With s dosimeter. the micro-
phone s generally locsted on the shoulder
and remsins in Lhst position for the entire
workday. With a sound level meter. the
microphone is stationed nesr the employee's
head, and the instrument is ususiiy held by
an individual who foliows the employee a3
he of she moves about.

Manufacturer s instructions. contained in
dosimeter and sound ievel meter opersting
manunle, should be (oliowed for calibration
and maintenance. To ensure accurate re-
sults, it 13 considered good professionsi prac-
tice 10 calibrste instruments before and
after each use.



HoOw OFTER 13 IT HECESSARY TO MONITON
NOISK LEVELS?

The amendment requires Lhat when there
are significant changes in machipery or pro.
guction procesaes that may resuit in in:
cressed NOIBR levels, romONItOrIng must be
conducted Lo determine whether additional
empioyees need to be inciuded in the hear.
ing conservation program. Many companies
choose Lo remonitor pericdically (ance every
yeRr ar two) Lo ensure that ali exposed em-
ployees are included in Ltheir hearing conser:
vation programs.

WHERE CAN  LQUIFMENT AND  TECHNICAL
ADVICE BE ONTAINED?

Noise monitoring equipment may be
either purchased or rented. Sound level
melers cost about 3500 to 31,000, while dosi-
meters range in price from about $750 to
$1.500. Smaller companies may find it more
economical 10 rent equipment rather than
to purchase it. Names of equipment supph-
ers may be found i1n the telephone book
(Yeliow Pages) under headings such as.
‘Safety Equipment.” ‘Industrisl Hygiene,”
or “Engineers Acousticsi.” In additien to
providing information on obtaining noise
monitoring equipment, Many companies and
ingividuals inciuded under such listings Can
provide professional advite on how to con-

duet a valid nowse monitornng DrogTam.
Some asudiologicsi lesting firms and indus-
trisl hygiene {irms also provide nowse mons.
toring services. Universities with sudiology.
industrial hygiene, or tical € ng
departments may siso provide information
or may be able L heip employers meet Lheir
oblLgAtions under this amendment.

Pree. on-site sssstance may be cbisined
(rom OSHA-supported siate and privale
coisuitation organuzations. These safety
and health consultstive entities generally
give priority to the needs of smai) business.
es. See the attached directory for a histng
of organizationrs Lo contact for s,
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ArrENDIX H: AvalLABILITY OF REFERENCID
DOCUMENTS

Parsgraphs ¢¢) through (o) of 29 CFR
1910.95 and the accompanying appendices
CONLAIN Provisions which incorporate publi-
cations by reference. Generally, the pubiica.
tions provide criteria for instruments to be
used in monitoring and audiometric testing.
These criteria are intended to be mandatory
when so indicated in the applicable para.
graphs of § 1910.95 and appendices.

It should be noted that OSHA does not re-
quire that employers purchase & copy of the
referenced publications. Employers. howey-
er. may desire 1o obtain & copy of the refer-
enced publications for their own informa-
tion,

The designation of the paragraph of the
standard in which the referenced publica.
tons appear, the titles of the pubhications,
and the avalability of the publications are
as follows:

Py g aoh desgnaion Reterarcen tubv ahon &-a-nwa haﬂ-—
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5141371 1976 &a«n New vork, NY 10018
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1989 Beostway. New Yok NY 10018
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S1 11,3971 (RGN,

ngiiute oF Phegis JIT 6 4Mm G New YO
NY 10017 Amenchn Nauons S1ancads nsle
tute  in¢ 1410 Brosdway  ferw Yo NY
1008




The referenced publications (or s micru-
tiche of the publications) are available for
review At many universities and public Ii.
praries throughout the country. These put-
lications may aiso be examined st the
OSHA Techncal Data Center. Room N2438,
United States Department of Labor, 100
Constitution Avenue, NW., Washington, DC
20210, (202) $23-9700 or st any OSHA Re-
gional Office (see telephone directories
under United States Government—Labor
Department).

Arrpmix I Devixrrions

These definitions spply o the following
terms &8 used in paragraphs (¢) through (n)
of 20 CFR 1910.95.

Action level—-AnL B-hour time-weighted aver-
age of 35 decibels messured on the A.
scale, slow response. or equivalently, »
doee of fifty percent.

Audiogram—A chart. graph, or table result-
ing from an sudiometric test showing an
individual's hearing threshoid levels as a
function of frequency.

who is ar‘t‘u!ed by the Amarican Speech-

Language-Hearing Associstion or licensed
by & state board of examiners.
Baseline U —The audiogram

diogram—
muw. which future audiograms are com-

C‘nuﬂm sound level—A sound level of 90
decibels.

Decibel (dB)--Unit ©of measurement of
sound level.

Hertz (Hz)~-Unit of measurement of f{re.
quency, numerically equal o cyciea per

Medical pathology—A disorder or disease,
For purposes of this regulation. s condi-
tion or disease affecting the ear, which
should be tresied by & physician special.
nt.

Noise dose—~The ratio, expressed as a per.
centage. of (1) the time integral, over a
stated time or event. of the 0.8 power of
the messured SLOW exponential time-
averaged, squarsd A-weichted aound pres-
sure and (2) the product of the criterion
duraiton (8 hours) and the 0.6 power of
the squared sound pressure
to the criterion sound level (90 dB),

Noise dosimeter--An instrument that inte-
grates & function of sound pressure over a
period of time (n such & manner that it di-
rectly indicates s nolse dose.

Otolaryngologuat—A physician specializing
in diagnosis snd treatment of disorders of
the esar. nose and throst,

Representative exposure—Measurements of
an employee’s noise dose or §-hour time
weighted average sound level that the em.
ployers deem to be representative of the
exposures of other empioyees in the work-

place.

Sound level-Ten times the common loga.
rithm of the ratio of the aqusre of the
measured A-weightad sound pressure to

the square of Lhe standard references pres-
sure of 20 micropaxcals, Unit: decibels
(dB). Por use with this regulation, BLOW
time respanae. in accordsnce with ANSI
S51.4-1971 (R1976). 1 required,

Sound level meter—An instrument for the
mesaurement of sound level.

Time-weighted average sound level—That
sound level, which if constant over an 8-
hour exposure, would result in the same
nowe doae as it mensured.

(39 FR 23502, June 27. 1974, as amended st
46 FR 4141, Jan, 16, 1981, 46 FR 62044, Dec.
29, 1981; 480 FR 9776, Mar. 8, 1583; ¢4 FR
290887, June 28, 1983)

$1910.5¢ lonizing rediation.

(a) Definitions appiicable to this zec-
tion. (1) "Radiation” includes alpha
rays, beta rays, gamma rays. X-rays.
neutrons, high-speed electrons, high-
speed protons, and other atomic parti-
cles: but such term does not include
sound or radic waves, or viaible light,
or infrared or ultraviolet light.

{2) "Radinactive material” means
any material which emits, by sponta-
neous nuclear disintegration, corpus-
cular or electromagnetic emanations,

{3) “‘Restricted area’’ means any ares
access Lo which is controiled by the
employer for purposes of protection of
individuals {from exposure to radiation
or radioactive materials,

(4) “Unrestricted area” means any
area access to which is not controlled
by the employer for purposes of pro-
tection of individuals from exposure to
radiation or radioactive materials.

(5) "Dose" means the quantity of
tonizing radistion absorbed, per unit
of mass, by the body or by any portion
of the body, When the provisions in
this section specify a dose during &
period of time, the dose is the total
quantity of radiation absorbed, per
unit of mass, by the body or by any
portion of the body during such period
of time. Several different units of dose
are {n current use, Definitions of units
used in this section are set forth in
Wl aphs (a) (6) and (7) of this sec-
tion.

(6) “Rad” means s measure of the
dose of any tonizing radiation to body
tissues In terma of the energy ab-
sorbed per unit of maas of the tissue.
One rad is the dose corresponding to
the absorption of 100 ergs per gram of
tissue ({ millirad (mrad) =0.001 rad).

{7) “Rem” mesns a measure of the

doae of any fonizing radistion to body
tissue in terms uf its estimated biologi-
cal effect relative to a dose of 1 roent.
gen  (r) of X.rays (1 millirem
(mrem)=0.001 rem). The relation of
the rem to other dose units depends
upon the biological effect under con-
sideration and upon the conditions for
irradiation. Each of the following is

considered to be equivalent Lo & dm

of 1 rem:

(1) A dose of 1 roentgen due to X- or
gamma radiation;

(1) A dose of 1 rad due to X.,
gamma, or beta radiation:

titl) A dose of 0.1 rad due L0 neu.
trons or high energy protons:

(iv) A dose of 0.05 rad due to parti-
cles heavier than protons and with
sufficient energy to reach the lens of
the eye;

tv) If it is more convenient (0 meas-
ure ithe neutron flux, or equivalent.
than to determine the neutron dose in
rads, as provided in subdivision (it}) of
this subparagraph. 1 rem of neutron
radiation may, for purposes of the pro-
visions in this section be assumed to de
equivalent to 14 milllon neutrons »er
square centimeter incident upon the
body: or, {f there i3 sufficient Informa-
tion to estimate with reasonabie accu.
racy the approximate distribution in
energy of the neutrons, the incident
number of neutrons per sguare centi.
meter equivalent to | rem may be esti-
mated from Tabie G-17:

TABLE G~ 17—NEUTRON FLux Dose

EQuIVALENTS

| e, | e

| e o 10
Corampy | Q00YO 100
NanArTn arergy (rehon ! Pophutisg iy irem v
*acron voiia (Mev)) i e aoes o 3 40 Aoury
rom “;‘,"”"’

H

e we)
Tharrmei . o 70 x 10° L 24
0000t | rexies %0
Go0s . 820 % 10¢ 470
002 { 40 x 10° 80
ot i 10«10 -]
08 | 43w 10* 0
10, { 20 %10 1
8. . I #x 100 o
88 i 2 x 10° )
14 IO i 24 % 10° 17
L] ! 4 x 10 134
1010 : LR A "0

(8) For determining exposures to X.
or gamuna rays up to 3 Mev.. the dose
limits apecified in this section may be
assumed to be equivalent to the “sir
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