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(2) Items covered. This periodic inspec-
tion shall cover but is not limited to
the following items:

Steps.

Step Fastenings.

Rails.

Rail Supports and Fastenings.

Rollers and Slides.

Belt and Belt Tension.

Handholds and Fastenings.

Floor Landings.

Guardrails.

Lubrication.

Limit Switches.

Warning Signs and Lights.

Illumination.

Drive Pulley.

Bottom (boot) Pulley and Clearance.

Pulley Supports.

Motor.

Driving Mechanism.

Brake.

Electrical Switches.

Vibration and Misalignment.

““Skip” on up or down run when mounting
step (indicating worn gears).

(3) Inspection record. A certification
record shall be kept of each inspection
which includes the date of the inspec-
tion, the signature of the person who
performed the inspection and the serial
number, or other identifier, of the
manlift which was inspected. This
record of inspection shall be made
available to the Assistant Secretary of
Labor or a duly authorized representa-
tive.

[39 FR 23502, June 27, 1974, as amended at 43
FR 49746, Oct. 24, 1978; 51 FR 34560, Sept. 29,
1986; 54 FR 24334, June 7, 1989; 55 FR 32014,
Aug. 6, 1990; 61 FR 9235, Mar. 7, 1996; 72 FR
71068, Dec. 14, 2007; 81 FR 82999, Nov. 18, 2016]

Subpart G—Occupational Health
and Environmental Control

AUTHORITY: 29 U.S.C. 653, 655, 657; Sec-
retary of Labor’s Order No. 12-71 (36 FR 8754),
8-76 (41 FR 25059), 9-83 (48 FR 35736), 1-90 (55
FR 9033), 6-96 (62 FR 111), 3-2000 (65 FR 50017),
5-2002 (67 FR 50017), 5-2007 (72 FR 31159), 4-
2010 (75 FR 55355), or 1-2012 (77 FR 3912), as
applicable; and 29 CFR part 1911.

§1910.94 Ventilation.

(a) Abrasive blasting—(1) Definitions
applicable to this paragraph—({) Abra-
sive. A solid substance used in an abra-
sive blasting operation.

(i1) Abrasive-blasting respirator. A res-
pirator constructed so that it covers
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the wearer’s head, neck, and shoulders
to protect the wearer from rebounding
abrasive.

(iii) Blast cleaning barrel. A complete
enclosure which rotates on an axis, or
which has an internal moving tread to
tumble the parts, in order to expose
various surfaces of the parts to the ac-
tion of an automatic blast spray.

(iv) Blast cleaning room. A complete
enclosure in which blasting operations
are performed and where the operator
works inside of the room to operate the
blasting nozzle and direct the flow of
the abrasive material.

(v) Blasting cabinet. An enclosure
where the operator stands outside and
operates the blasting nozzle through an
opening or openings in the enclosure.

(vi) Clean air. Air of such purity that
it will not cause harm or discomfort to
an individual if it is inhaled for ex-
tended periods of time.

(vii) Dust collector. A device or com-
bination of devices for separating dust
from the air handled by an exhaust
ventilation system.

(viii) Exhaust ventilation system. A
system for removing contaminated air
from a space, comprising two or more
of the following elements (a) enclosure
or hood, (b) duct work, (¢) dust col-
lecting equipment, (d) exhauster, and
(e) discharge stack.

(ix) Particulate-filter respirator. An air
purifying respirator, commonly re-
ferred to as a dust or a fume respirator,
which removes most of the dust or
fume from the air passing through the
device.

(x) Respirable dust. Airborne dust in
sizes capable of passing through the
upper respiratory system to reach the
lower lung passages.

(xi) Rotary blast cleaning table. An en-
closure where the pieces to be cleaned
are positioned on a rotating table and
are passed automatically through a se-
ries of blast sprays.

(xii) Abrasive blasting. The forcible
application of an abrasive to a surface
by pneumatic pressure, hydraulic pres-
sure, or centrifugal force.

(2) Dust hazards from abrasive blasting.
(i) Abrasives and the surface coatings
on the materials blasted are shattered
and pulverized during blasting oper-
ations and the dust formed will contain
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particles of respirable size. The com-
position and toxicity of the dust from
these sources shall be considered in
making an evaluation of the potential
health hazards.

(ii) The concentration of respirable
dust or fume in the breathing zone of
the abrasive-blasting operator or any
other worker shall be kept below the
levels specified in §1910.1000.

(iii) Organic abrasives which are
combustible shall be used only in auto-
matic systems. Where flammable or ex-
plosive dust mixtures may be present,
the construction of the equipment, in-
cluding the exhaust system and all
electric wiring, shall conform to the
requirements of American National
Standard Installation of Blower and
Exhaust Systems for Dust, Stock, and
Vapor Removal or Conveying, Z33.1-
1961 (NFPA 91-1961), which is incor-
porated by reference as specified in
§1910.6, and subpart S of this part. The
blast nozzle shall be bonded and
grounded to prevent the build up of
static charges. Where flammable or ex-
plosive dust mixtures may be present,
the abrasive blasting enclosure, the
ducts, and the dust collector shall be
constructed with loose panels or explo-
sion venting areas, located on sides
away from any occupied area, to pro-
vide for pressure relief in case of explo-
sion, following the principles set forth
in the National Fire Protection Asso-
ciation Explosion Venting Guide,
NFPA 68-1954, which is incorporated by
reference as specified in §1910.6.

(3) Blast-cleaning enclosures. (i) Blast-
cleaning enclosures shall be exhaust
ventilated in such a way that a contin-
uous inward flow of air will be main-
tained at all openings in the enclosure
during the blasting operation.

(a) All air inlets and access openings
shall be baffled or so arranged that by
the combination of inward air flow and
baffling the escape of abrasive or dust
particules into an adjacent work area
will be minimized and visible spurts of
dust will not be observed.

(b) The rate of exhaust shall be suffi-
cient to provide prompt clearance of
the dust-laden air within the enclosure
after the cessation of blasting.

(c) Before the enclosure is opened,
the blast shall be turned off and the ex-
haust system shall be run for a suffi-
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cient period of time to remove the
dusty air within the enclosure.

(d) Safety glass protected by screen-
ing shall be used in observation win-
dows, where hard deep-cutting abra-
sives are used.

(e) Slit abrasive-resistant baffles
shall be installed in multiple sets at all
small access openings where dust
might escape, and shall be inspected
regularly and replaced when needed.

(I) Doors shall be flanged and tight
when closed.

(2) Doors on blast-cleaning rooms
shall be operable from both inside and
outside, except that where there is a
small operator access door, the large
work access door may be closed or
opened from the outside only.

(ii) [Reserved]

(4) Exhaust ventilation systems. (i) The
construction, installation, inspection,
and maintenance of exhaust systems
shall conform to the principles and re-
quirements set forth in American Na-
tional Standard Fundamentals Gov-
erning the Design and Operation of
Local Exhaust Systems, 79.2-1960, and
ANSI Z33.1-1961, which is incorporated
by reference as specified in §1910.6.

(a) When dust leaks are noted, re-
pairs shall be made as soon as possible.

(b) The static pressure drop at the ex-
haust ducts leading from the equip-
ment shall be checked when the instal-
lation is completed and periodically
thereafter to assure continued satisfac-
tory operation. Whenever an appre-
ciable change in the pressure drop indi-
cates a partial blockage, the system
shall be cleaned and returned to nor-
mal operating condition.

(ii) In installations where the abra-
sive is recirculated, the exhaust ven-
tilation system for the blasting enclo-
sure shall not be relied upon for the re-
moval of fines from the spent abrasive
instead of an abrasive separator. An
abrasive separator shall be provided for
the purpose.

(iii) The air exhausted from blast-
cleaning equipment shall be discharged
through dust collecting equipment.
Dust collectors shall be set up so that
the accumulated dust can be emptied
and removed without contaminating
other working areas.

(6) Personal protective equipment. (1)
Employers must use only respirators

191



§1910.94

approved by the National Institute for
Occupational Safety and Health
(NIOSH) under 42 CFR part 84 to pro-
tect employees from dusts produced
during abrasive-blasting operations.

(ii)  Abrasive-blasting respirators
shall be worn by all abrasive-blasting
operators:

(a) When working inside of blast-
cleaning rooms, or

(b) When using silica sand in manual
blasting operations where the nozzle
and blast are not physically separated
from the operator in an exhaust venti-
lated enclosure, or

(¢) Where concentrations of toxic
dust dispersed by the abrasive blasting
may exceed the limits set in §1910.1000
and the nozzle and blast are not phys-
ically separated from the operator in
an exhaust-ventilated enclosure.

(iii) Properly fitted particulate-filter
respirators, commonly referred to as
dust-filter respirators, may be used for
short, intermittent, or occasional dust
exposures such as cleanup, dumping of
dust collectors, or unloading shipments
of sand at a receiving point when it is
not feasible to control the dust by en-
closure, exhaust ventilation, or other
means. The respirators used must be
approved by NIOSH under 42 CFR part
84 for protection against the specific
type of dust encountered.

(a) Dust-filter respirators may be
used to protect the operator of outside
abrasive-blasting operations where
nonsilica abrasives are used on mate-
rials having low toxicities.

(b) Dust-filter respirators shall not be
used for continuous protection where
silica sand is used as the blasting abra-
sive, or toxic materials are blasted.

(iv) For employees who use res-
pirators required by this section, the
employer must implement a res-
piratory protection program in accord-
ance with 29 CFR 1910.134.

(v) Operators shall be equipped with
heavy canvas or leather gloves and
aprons or equivalent protection to pro-
tect them from the impact of abra-
sives. Safety shoes shall be worn to
protect against foot injury where
heavy pieces of work are handled.

(a) Protective footwear must comply
with the requirements specified by 29
CFR 1910.136(b)(1).

29 CFR Ch. XVII (7-1-19 Edition)

(b) BEquipment for protection of the
eyes and face shall be supplied to the
operator when the respirator design
does not provide such protection and to
any other personnel working in the vi-
cinity of abrasive blasting operations.
This equipment shall conform to the
requirements of §1910.133.

(6) Air supply and air compressors. Air
for abrasive-blasting respirators must
be free of harmful quantities of dusts,
mists, or noxious gases, and must meet
the requirements for supplied-air qual-
ity and use specified in 29 CFR
1910.134(1).

() Operational procedures and general
safety. Dust shall not be permitted to
accumulate on the floor or on ledges
outside of an abrasive-blasting enclo-
sure, and dust spills shall be cleaned up
promptly. Aisles and walkways shall be
kept clear of steel shot or similar abra-
sive which may create a slipping haz-
ard.

(8) Scope. This paragraph (a) applies
to all operations where an abrasive is
forcibly applied to a surface by pneu-
matic or hydraulic pressure, or by cen-
trifugal force. It does not apply to
steam blasting, or steam cleaning, or
hydraulic cleaning methods where
work is done without the aid of abra-
sives.

(b) Grinding, polishing, and buffing op-
erations—(1) Definitions applicable to this
paragraph—@d) Abrasive cutting-off
wheels. Organic-bonded wheels, the
thickness of which is not more than
one forty-eighth of their diameter for
those up to, and including, 20 inches in
diameter, and not more than one-six-
tieth of their diameter for those larger
than 20 inches in diameter, used for a
multitude of operations variously
known as cutting, cutting  off,
grooving, slotting, coping, and joint-
ing, and the like. The wheels may be
““solid” consisting of organic-bonded
abrasive material throughout, ‘‘steel
centered” consisting of a steel disc
with a rim of organic-bonded material
moulded around the periphery, or of
the ‘“‘inserted tooth” type consisting of
a steel disc with organic-bonded abra-
sive teeth or inserts mechanically se-
cured around the periphery.

(ii) Belts. All power-driven, flexible,
coated bands wused for grinding,
polishing, or buffing purposes.
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(iii) Branch pipe. The part of an ex-
haust system piping that is connected
directly to the hood or enclosure.

(iv) Cradle. A movable fixture, upon
which the part to be ground or polished
is placed.

(v) Disc wheels. All power-driven ro-
tatable discs faced with abrasive mate-
rials, artificial or natural, and used for
grinding or polishing on the side of the
assembled disc.

(vi) Entry loss. The loss in static pres-
sure caused by air flowing into a duct
or hood. It is usually expressed in
inches of water gauge.

(vil) Exhaust system. A system con-
sisting of branch pipes connected to
hoods or enclosures, one or more head-
er pipes, an exhaust fan, means for sep-
arating solid contaminants from the
air flowing in the system, and a dis-
charge stack to outside.

(viii) Grinding wheels. All power-driv-
en rotatable grinding or abrasive
wheels, except disc wheels as defined in
this standard, consisting of abrasive
particles held together by artificial or
natural bonds and used for peripheral
grinding.

(ix) Header pipe (main pipe). A pipe
into which one or more branch pipes
enter and which connects such branch
pipes to the remainder of the exhaust
system.

(X) Hoods and enclosures. The partial
or complete enclosure around the
wheel or disc through which air enters
an exhaust system during operation.

(xi) Horizontal double-spindle disc
grinder. A grinding machine carrying
two power-driven, rotatable, coaxial,
horizontal spindles upon the inside
ends of which are mounted abrasive
disc wheels used for grinding two sur-
faces simultaneously.

(xiil) Horizontal single-spindle disc
grinder. A grinding machine carrying
an abrasive disc wheel upon one or
both ends of a power-driven, rotatable
single horizontal spindle.

(xiii) Polishing and buffing wheels. All
power-driven rotatable wheels com-
posed all or in part of textile fabrics,
wood, felt, leather, paper, and may be
coated with abrasives on the periphery
of the wheel for purposes of polishing,
buffing, and light grinding.

(xiv) Portable grinder. Any power-driv-
en rotatable grinding, polishing, or
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buffing wheel mounted in such manner
that it may be manually manipulated.

(xv) Scratch brush wheels. All power-
driven rotatable wheels made from
wire or bristles, and used for scratch
cleaning and brushing purposes.

(xvi) Swing-frame grinder. Any power-
driven rotatable grinding, polishing, or
buffing wheel mounted in such a man-
ner that the wheel with its supporting
framework can be manipulated over
stationary objects.

(xvii) Velocity pressure (vp). The KkKi-
netic pressure in the direction of flow
necessary to cause a fluid at rest to
flow at a given velocity. It is usually
expressed in inches of water gauge.

(xviii) Vertical spindle disc grinder. A
grinding machine having a vertical, ro-
tatable power-driven spindle carrying a
horizontal abrasive disc wheel.

(2) Application. Wherever dry grind-
ing, dry polishing or buffing is per-
formed, and employee exposure, with-
out regard to the use of respirators, ex-
ceeds the permissible exposure limits
prescribed in §1910.1000 or other sec-
tions of this part, a local exhaust ven-
tilation system shall be provided and
used to maintain employee exposures
within the prescribed limits.

(3) Hood and branch pipe requirements.
(i) Hoods connected to exhaust systems
shall be used, and such hoods shall be
designed, located, and placed so that
the dust or dirt particles shall fall or
be projected into the hoods in the di-
rection of the air flow. No wheels,
discs, straps, or belts shall be operated
in such manner and in such direction
as to cause the dust and dirt particles
to be thrown into the operator’s
breathing zone.

(ii) Grinding wheels on floor stands,
pedestals, benches, and special-purpose
grinding machines and abrasive cut-
ting-off wheels shall have not less than
the minimum exhaust volumes shown
in Table G—4 with a recommended min-
imum duct velocity of 4,500 feet per
minute in the branch and 3,500 feet per
minute in the main. The entry losses
from all hoods except the vertical-spin-
dle disc grinder hood, shall equal 0.65
velocity pressure for a straight takeoff
and 0.45 velocity pressure for a tapered
takeoff. The entry loss for the vertical-
spindle disc grinder hood is shown in
figure G-1 (following §1910.94(b)).
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TABLE G—4—GRINDING AND ABRASIVE CUTTING-

OFF WHEELS
Minimum
Wheel

Wheel diameter (inches) ‘width iﬁ?ﬁ;?
(inches) | (teeta/min.)
To9 1% 220
Over 9 to 16 390
Over 16 to 19 . 3 500
Over 19to 24 . 4 610
Over 24 t0 30 . 5 880
Over 30 to 36 6 1,200

For any wheel wider than wheel diame-
ters shown in Table G—4, increase the
exhaust volume by the ratio of the new
width to the width shown.

Example: If wheel width = 4% inches, then
4.5 +4 x 610 = 686 (rounded to 690).

(iii) Scratch-brush wheels and all
buffing and polishing wheels mounted
on floor stands, pedestals, benches, or
special-purpose machines shall have

not less than the minimum exhaust
volume shown in Table G-5.

TABLE G—5—BUFFING AND POLISHING WHEELS

Minimum
Wheel

Wheel diameter (inches) ‘width exhaust
(inches) | teats/min.)
To9 ... 2 300
Over 9 to 3 500
Over 16 to 19 . 4 610
Over 19to 24 . 5 740
Over 24 to 30 . 6 1,040
Over 30 to 36 6 1,200

(iv) Grinding wheels or discs for hori-
zontal single-spindle disc grinders shall
be hooded to collect the dust or dirt
generated by the grinding operation
and the hoods shall be connected to
branch pipes having exhaust volumes
as shown in Table G-6.

TABLE G—6—HORIZONTAL SINGLE-SPINDLE DISC

GRINDER

Exhaust

Disc diameter (inches) volume

(ft.3/min.)
Upto12 ... . 220
Over 12 to 19 390
Over 19 to 30 610
Over 30 to 36 880

(v) Grinding wheels or discs for hori-
zontal double-spindle disc grinders
shall have a hood enclosing the grind-
ing chamber and the hood shall be con-
nected to one or more branch pipes

29 CFR Ch. XVII (7-1-19 Edition)

having exhaust volumes as shown in
Table G-T7.

TABLE G—7—HORIZONTAL DOUBLE-SPINDLE

DisCc GRINDER

Exhaust

Disc diameter (inches) volume

(ft.3/min.)
Upto19 ... . 610
Over 19 to 25 880
Over 25 to 30 1,200
Over 30 to 53 1,770
Over 53 to 72 6,280

(vi) Grinding wheels or discs for
vertical single-spindle disc grinders
shall be encircled with hoods to remove
the dust generated in the operation.
The hoods shall be connected to one or
more branch pipes having exhaust vol-
umes as shown in Table G-8.

TABLE G—8—VERTICAL SPINDLE DISC GRINDER

One-half or more Disc not cov-
of disc covered ered
Disc diameter (inches) Ex- Ex-
Num- haust Num- haust
ber? foot3/ ber1 foot3/
min.) min.
Up to 20 1 500 2 780
Over 20 to 30 .. 2 780 2 1,480
Over 30 to 53 .. 2 1,770 4| 3,530
Over 53to 72 .. 2| 3,140 5| 6,010

1Number of exhaust outlets around periphery of hood, or
equal distribution provided by other means.

(vii) Grinding and polishing belts
shall be provided with hoods to remove
dust and dirt generated in the oper-
ations and the hoods shall be connected
to branch pipes having exhaust vol-
umes as shown in Table G-9.

TABLE G—9—GRINDING AND POLISHING BELTS

Exhaust

Belts width (inches) volume

(ft.3/min.)
Upto3 ... . 220
Over 3to 5 . 300
Over5to 7 . 390
Over 7 to 9 . 500
Over 9 to 11 610
Over 11 to 13 740

(viii) Cradles and swing-frame grind-
ers. Where cradles are used for han-
dling the parts to be ground, polished,
or buffed, requiring large partial enclo-
sures to house the complete operation,
a minimum average air velocity of 150
feet per minute shall be maintained
over the entire opening of the enclo-
sure. Swing-frame grinders shall also
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be exhausted in the same manner as
provided for cradles. (See fig. G-3)

(ix) Where the work is outside the
hood, air volumes must be increased as
shown in American Standard Fun-
damentals Governing the Design and
Operation of Local Exhaust Systems,
79.2-1960 (section 4, exhaust hoods).

(4) Exhaust systems. (i) Exhaust sys-
tems for grinding, polishing, and buff-
ing operations should be designed in
accordance with American Standard
Fundamentals Governing the Design
and Operation of Local Exhaust Sys-
tems, Z9.2-1960.

(ii) Exhaust systems for grinding,
polishing, and buffing operations shall
be tested in the manner described in
American Standard Fundamentals
Governing the Design and Operation of
Local Exhaust Systems, Z9.2-1960.

(iii) All exhaust systems shall be pro-
vided with suitable dust collectors.

(6) Hood and enclosure design. (i)(a) It
is the dual function of grinding and ab-
rasive cutting-off wheel hoods to pro-
tect the operator from the hazards of
bursting wheels, as well as to provide a
means for the removal of dust and dirt
generated. All hoods shall be not less
in structural strength than specified in
Tables O-1 and O-9 of §1910.215.

(b) Due to the variety of work and
types of grinding machines employed,
it is necessary to develop hoods adapt-
able to the particular machine in ques-
tion, and such hoods shall be located as
close as possible to the operation.

(ii) Exhaust hoods for floor stands,
pedestals, and bench grinders shall be
designed in accordance with figure G-2.
The adjustable tongue shown in the fig-
ure shall be kept in working order and
shall be adjusted within one-fourth
inch of the wheel periphery at all
times.

(iii) Swing-frame grinders shall be
provided with exhaust booths as indi-
cated in figure G-3.

(iv) Portable grinding operations,
whenever the nature of the work per-
mits, shall be conducted within a par-
tial enclosure. The opening in the en-
closure shall be no larger than is actu-
ally required in the operation and an
average face air velocity of not less
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than 200 feet per minute shall be main-
tained.

(v) Hoods for polishing and buffing
and scratch-brush wheels shall be con-
structed to conform as closely to figure
G—4 as the nature of the work will per-
mit.

(vi) Cradle grinding and polishing op-
erations shall be performed within a
partial enclosure similar to figure G-5.
The operator shall be positioned out-
side the working face of the opening of
the enclosure. The face opening of the
enclosure should not be any greater in
area than that actually required for
the performance of the operation and
the average air velocity into the work-
ing face of the enclosure shall not be
less than 150 feet per minute.

(vii) Hoods for horizontal single-spin-
dle disc grinders shall be constructed
to conform as closely as possible to the
hood shown in figure G-6. It is essen-
tial that there be a space between the
back of the wheel and the hood, and a
space around the periphery of the
wheel of at least 1 inch in order to per-
mit the suction to act around the
wheel periphery. The opening on the
side of the disc shall be no larger than
is required for the grinding operation,
but must never be less than twice the
area of the branch outlet.

(viii) Horizontal double-spindle disc
grinders shall have a hood encircling
the wheels and grinding chamber simi-
lar to that illustrated in figure G-T.
The openings for passing the work into
the grinding chamber should be kept as
small as possible, but must never be
less than twice the area of the branch
outlets.

(ix) Vertical-spindle disc grinders
shall be encircled with a hood so con-
structed that the heavy dust is drawn
off a surface of the disc and the lighter
dust exhausted through a continuous
slot at the top of the hood as shown in
figure G-1.

(x) Grinding and polishing belt hoods
shall be constructed as close to the op-
eration as possible. The hood should
extend almost to the belt, and 1-inch
wide openings should be provided on ei-
ther side. Figure G-8 shows a typical
hood for a belt operation.
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Fig. G-1
Vertical Spindle Disc Grinder Exhaust Hood and Branch Pipe Counections

Dia D. inches Exhaust £ Volume
N Crs
Min. Max. | pipas | Dia | Hinfojmin
20 1 44 500 | When one-half or more of the disc can be hood-
ed, use exhaust ducts as shown at the left.
Over 20 .. 30 2 4 780
Over 30 .. 72 2 6 1,770
Over 53 .. 72 2 8 3,140
20 2 4 780 | When no hood can be used over disc, use ex-
haust ducts as shown at left.
Over 20 20 2 4 780
Over 30 .. 30 2 52 1,480
Over 53 .. 53 4 6 3,530
72 5 7 6,010

Entry loss = 1.0 slot velocity pressure + 0.5 branch velocity pressure.
Minimum slot velocity = 2,000 ft/min—2-inch slot width.
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NEW WHEEL DIAMETER
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WHEEL DIAMETER
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Fig. G-2
Standard Grinder Heod
Wheel dimension, inches
Exhaust Vo;t:pget of
Diameter outlet, 4.500 ft/
Width, Max | inches E “min
Min=d Max=D
9 12 3 220
[0 =Y TSSOSO R U URSUSUR PRSI 16 2 4 390
OVEI 16 ottt 19 3 42 500
OVEE T ettt e h et a et et nen et enes 24 4 5 610
OVEI 24 ..ttt 30 5 6 880
[0 =Y g {0 TSSOSO U UPTU S SPRRURON 36 6 7 1,200

Entry loss = 0.45 velocity pressure for tapered takeoff 0.65 velocity pressure for straight takeoff.
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A Method of Applying an Exhaust Enclosure to Swing-Frame Grinders
NOTE: Baffle to reduce front opening as much as possible
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Standard Buffing and Polishing Hood
Wheel dimension, inches
Exhaust Vo;\;p'naet of
Diameter outlet, 4,500 ft/
Width, Max inches E ’m'n
Min=d Max=D !
9 2 32 300
Over9 ... RS 16 3 4 500
Over 16 ... e 19 4 5 610
Over 19 ... RS 24 5 512 740
Over 24 ... e 30 6 672 1.040
Over 30 .... RS 36 6 7 1.200

Entry loss = 0.15 velocity pressure for tapered takeoff; 0.65 velocity pressure for straight takeoff.
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CRADLE

/
b

Cradle Polishing or Grinding Enclosure

Entry loss = 0.43 velocity pressure for tapered takeofl
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Fig. G-6
Horizontal Single-Spindle Disc Grinder Exhaust Hood and Branch.Pipe Connections
Dia D, inches Volume ex-
Exhaust E, | hausted at
; dia. inches | 4,500 ft/min
Min. Max. £3/min
12 3 220
Over 12 .. 19 4 390
Over 19 .. 30 5 610
Over 30 ....cccoveeee 36 6 880

NOTE: If grinding wheels are used for disc grinding purposes, hoods must conform to structural strength and materials as de-

scribed in 9.1.
Entry loss = 0.45 velocity pressure for tapered takeoff.
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G OF SPINDLE

m“r‘; RN

FACE OF GRINDING DISCS

DIRECTION OF ROTATION

. r‘(/CONVE‘YOR
J frq [ DIRECTION OF CONVEYOR- \ m 1
N | \J

ANY METHOD OF
FEEDING PARTS TO
BE GROUND MAY
BE USED.

Fig: G=7
Horizontal Double-Spindle Disc Grinder Exhaust Hood and Branch Pipe Connections

Disc dia. inches Exhaust E Volume
exhaust at
4,500 ft/ Note
Min. Max. No Pipes Dia. min. ft3/
min
19 1 5 610
OVer 19 i 25 1 6 880 | When width “W” permits, exhaust ducts
should be as near heaviest grinding as
possible.
Over 25 30 1 7 1,200
Over 30 .... 53 2 6 1,770
Over 53 72 4 8 6,280

Entry loss = 0.45 velocity pressure for tapered takeoff.
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FIGURE G-8.—A Typical Hood for a Belt Operation

Exhaust
volume.
ft.1/min

Belt width W. Inches

220
300
390
500
610
740

Minimum duct velocity = 4,500 ft/min branch, 3,500 ft/min
main.

Entry loss = 0.45 velocity pressure for tapered takeoff; 0.65
velocity pressure for straight takeoff.

(6) Scope. This paragraph (b), pre-
scribes the use of exhaust hood enclo-
sures and systems in removing dust,
dirt, fumes, and gases generated
through the grinding, polishing, or
buffing of ferrous and nonferrous met-
als.

(c) Spray finishing operations—(1) Defi-
nitions applicable to this paragraph—i(@)
Spray-finishing operations. Spray-fin-
ishing operations are employment of
methods wherein organic or inorganic
materials are utilized in dispersed form
for deposit on surfaces to be coated,
treated, or cleaned. Such methods of
deposit may involve either automatic,
manual, or electrostatic deposition but
do not include metal spraying or met-
allizing, dipping, flow coating, roller
coating, tumbling, centrifuging, or
spray washing and degreasing as con-
ducted in self-contained washing and
degreasing machines or systems.

(ii) Spray booth. Spray booths are de-
fined and described in §1910.107(a).

(iii) Spray room. A spray room is a
room in which spray-finishing oper-
ations not conducted in a spray booth
are performed separately from other
areas.

(iv) Minimum maintained velocity. Min-
imum maintained velocity is the veloc-
ity of air movement which must be
maintained in order to meet minimum
specified requirements for health and
safety.

(2) Location and application. Spray
booths or spray rooms are to be used to
enclose or confine all operations.
Spray-finishing operations shall be lo-
cated as provided in sections 201
through 206 of the Standard for Spray
Finishing Using Flammable and Com-
bustible Materials, NFPA No. 33-1969.

(3) Design and construction of spray
booths. (i) Spray booths shall be de-
signed and constructed in accordance
with §1910.107(b)(1) through (b)(4) and
(b)(6) through (b)(10). For a more de-
tailed discussion of fundamentals re-
lating to this subject, see ANSI Z9.2-
1960, which is incorporated by reference
as specified in §1910.6.

(a) Lights, motors, electrical equip-
ment, and other sources of ignition
shall conform to the requirements of
§1910.107(b)(10) and (c).

(b) In no case shall combustible ma-
terial be used in the construction of a
spray booth and supply or exhaust duct
connected to it.

(ii) Unobstructed walkways shall not
be less than 6% feet high and shall be
maintained clear of obstruction from
any work location in the booth to a
booth exit or open booth front. In
booths where the open front is the only
exit, such exits shall be not less than 3
feet wide. In booths having multiple
exits, such exits shall not be less than
2 feet wide, provided that the max-
imum distance from the work location
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to the exit is 25 feet or less. Where
booth exits are provided with doors,
such doors shall open outward from the
booth.

(iii) Baffles, distribution plates, and
dry-type overspray collectors shall
conform to the requirements of
§1910.107(b)(4) and (b)(5).

(a) Overspray filters shall be in-
stalled and maintained in accordance
with the requirements of §1910.107(b)(5),
and shall only be in a location easily
accessible for inspection, cleaning, or
replacement.

(b) Where effective means, inde-
pendent of the overspray filters, are in-
stalled which will result in design air
distribution across the booth cross sec-
tion, it is permissible to operate the
booth without the filters in place.

(iv) (a) For wet or water-wash spray
booths, the water-chamber enclosure,
within which intimate contact of con-
taminated air and cleaning water or
other cleaning medium is maintained,
if made of steel, shall be 18 gage or
heavier and adequately protected
against corrosion.

(b) Chambers may include scrubber
spray nozzles, headers, troughs, or
other devices. Chambers shall be pro-
vided with adequate means for creating
and maintaining scrubbing action for
removal of particulate matter from the
exhaust air stream.

(v) Collecting tanks shall be of weld-
ed steel construction or other suitable
non-combustible material. If pits are
used as collecting tanks, they shall be
concrete, masonry, or other material
having similar properties.

(a) Tanks shall be provided with
weirs, skimmer plates, or screens to
prevent sludge and floating paint from
entering the pump suction box. Means
for automatically maintaining the
proper water level shall also be pro-
vided. Fresh water inlets shall not be
submerged. They shall terminate at
least one pipe diameter above the safe-
ty overflow level of the tank.

(b) Tanks shall be so constructed as
to discourage accumulation of haz-
ardous deposits.

(vi) Pump manifolds, risers, and
headers shall be adequately sized to in-
sure sufficient water flow to provide ef-
ficient operation of the water chamber.

29 CFR Ch. XVII (7-1-19 Edition)

(4) Design and construction of spray
rooms. (i) Spray rooms, including
floors, shall be constructed of masonry,
concrete, or other noncombustible ma-
terial.

(ii) Spray rooms shall have non-
combustible fire doors and shutters.

(iii) Spray rooms shall be adequately
ventilated so that the atmosphere in
the breathing zone of the operator
shall be maintained in accordance with
the requirements of paragraph (c)(6)(ii)
of this section.

(iv) Spray rooms used for production
spray-finishing operations shall con-
form to the requirements for spray
booths.

(5) Ventilation. (i) Ventilation shall be
provided in accordance with provisions
of §1910.107(d), and in accordance with
the following:

(a) Where a fan plenum is used to
equalize or control the distribution of
exhaust air movement through the
booth, it shall be of sufficient strength
or rigidity to withstand the differential
air pressure or other superficially im-
posed loads for which the equipment is
designed and also to facilitate clean-
ing. Construction specifications shall
be at least equivalent to those of para-
graph (c)(5)(iii) of this section.

(b) [Reserved]

(ii) Inlet or supply ductwork used to
transport makeup air to spray booths
or surrounding areas shall be con-
structed of noncombustible materials.

(a) If negative pressure exists within
inlet ductwork, all seams and joints
shall be sealed if there is a possibility
of infiltration of harmful quantities of
noxious gases, fumes, or mists from
areas through which ductwork passes.

(b) Inlet ductwork shall be sized in
accordance with volume flow require-
ments and provide design air require-
ments at the spray booth.

(¢) Inlet ductwork shall be ade-
quately supported throughout its
length to sustain at least its own
weight plus any negative pressure
which is exerted upon it under normal
operating conditions.

(iii)(a) Exhaust ductwork shall be
adequately supported throughout its
length to sustain its weight plus any
normal accumulation in interior dur-
ing normal operating conditions and
any negative pressure exerted upon it.
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(b) Exhaust ductwork shall be sized
in accordance with good design prac-
tice which shall include consideration
of fan capacity, length of duct, number
of turns and elbows, variation in size,
volume, and character of materials
being exhausted. See American Na-
tional Standard Z9.2-1960 for further
details and explanation concerning ele-
ments of design.

(¢) Longitudinal joints in sheet steel
ductwork shall be either lock-seamed,
riveted, or welded. For other than steel
construction, equivalent securing of
joints shall be provided.

(d) Circumferential joints in duct-
work shall be substantially fastened
together and lapped in the direction of
airflow. At least every fourth joint
shall be provided with connecting
flanges, bolted together, or of equiva-
lent fastening security.

(e) Inspection or clean-out doors shall
be provided for every 9 to 12 feet of run-
ning length for ducts up to 12 inches in
diameter, but the distance between
cleanout doors may be greater for larg-
er pipes. A clean-out door or doors
shall be provided for servicing the fan,
and where necessary, a drain shall be
provided.

(f) Where ductwork passes through a
combustible roof or wall, the roof or

§1910.94

wall shall be protected at the point of
penetration by open space or fire-resis-
tive material between the duct and the
roof or wall. When ducts pass through
firewalls, they shall be provided with
automatic fire dampers on both sides of
the wall, except that three-eighth-inch
steel plates may be used in lieu of
automatic fire dampers for ducts not
exceeding 18 inches in diameter.

(9) Ductwork used for ventilating any
process covered in this standard shall
not be connected to ducts ventilating
any other process or any chimney or
flue used for conveying any products of
combustion.

(6) Velocity and air flow requirements.
(i) Except where a spray booth has an
adequate air replacement system, the
velocity of air into all openings of a
spray booth shall be not less than that
specified in Table G-10 for the oper-
ating conditions specified. An adequate
air replacement system is one which
introduces replacement air upstream
or above the object being sprayed and
is so designed that the velocity of air
in the booth cross section is not less
than that specified in Table G-10 when
measured upstream or above the object
being sprayed.

TABLE G—10—MINIMUM MAINTAINED VELOCITIES INTO SPRAY BOOTHS

Airflow velocities, f.p.m.
Operating conditions for objects completely inside booth Cr(f)ss%raﬂ,
-p.m. Design Range
Electrostatic and automatic airless operation contained in booth | Negligible .... | 50 large booth ...................... 50-75
without operator.
100 small booth 75-125
Air-operated guns, manual or automatic ...............ccococeeiiiiininiiennes Up to 50 ...... 100 large booth ... 75-125
150 small booth 125-175
Air-operated guns, manual or automatic ............cceeevvierveniiinieiienns Up to 100 .... | 150 large booth 125-175
200 small booth .... 150-250

NOTES:

(1) Attention is invited to the fact that the effectiveness of the spray booth is dependent upon the relationship of the depth of

the booth to its height and width.

(2) Crossdrafts can be eliminated through proper design and such design should be sought. Crossdrafts in excess of

100fpm (feet per minute) should not be permitted.

(3) Excessive air pressures result in loss of both efficiency and material waste in addition to creating a backlash that may

carry overspray and fumes into adjacent work areas.

(4) Booths should be designed with velocities shown in the column headed “Design.” However, booths operating with veloci-
ties shown in the column headed “Range” are in compliance with this standard.

(ii) In addition to the requirements
in paragraph (c)(6)(i) of this section the
total air volume exhausted through a
spray booth shall be such as to dilute
solvent vapor to at least 25 percent of

the lower explosive limit of the solvent
being sprayed. An example of the meth-
od of calculating this volume is given
below.
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Example: To determine the lower explosive
limits of the most common solvents used in
spray finishing, see Table G-11. Column 1
gives the number of cubic feet of vapor per
gallon of solvent and column 2 gives the
lower explosive limit (LEL) in percentage by
volume of air. Note that the quantity of sol-
vent will be diminished by the quantity of
solids and nonflammables contained in the
finish.

To determine the volume of air in cubic
feet necessary to dilute the vapor from 1 gal-
lon of solvent to 25 percent of the lower ex-
plosive limit, apply the following formula:

Dilution volume required per gallon of sol-
vent = 4 (100—LEL) (cubic feet of vapor
per gallon) + LEL

Using toluene as the solvent.

(1) LEL of toluene from Table G-11, column
2, is 1.4 percent.

(2) Cubic feet of vapor per gallon from
Table G-11, column 1, is 30.4 cubic feet per
gallon.

(3) Dilution volume required=

4 (100—1.4) 30.4 + 1.4 = 8,564 cubic feet.

(4) To convert to cubic feet per minute of
required ventilation, multiply the dilution
volume required per gallon of solvent by the
number of gallons of solvent evaporated per
minute.

TABLE G—11—LOWER EXPLOSIVE LIMIT OF
SOME COMMONLY USED SOLVENTS

Cubic feet L?)‘I%zv?ex-
per gallon limit in per-
Solvent of vapor of cent by
liquid at 70 volume of
°F. f
air at 70 °F
Column 1 Column 2
Acetone ... 44.0 2.6
Amyl Acetat . . 21.6 1.0
Amyl Alcohol (n) ..... . 29.6 1.2
Amyl Alcohol (iso) 29.6 1.2
Benzene ........... 36.8 1.4
Butyl Acetate (n) . 24.8 1.7
Butyl Alcohol (n) . 35.2 1.4
Butyl Cellosolve .. 24.8 1.1
Cellosolve 33.6 1.8
Cellosolve Acetate .. 23.2 1.7
Cyclohexanone ....... 31.2 A
1,1 Dichloroethylene .. 42.4 59
1,2 Dichloroethylene .. . 42.4 9.7
Ethyl Acetate ...... . 32.8 25
Ethyl Alcohol ... 55.2 4.3
Ethyl Lactate ... 28.0 15
Methyl Acetate 40.0 3.1
Methyl Alcohol .... 80.8 7.3
Methyl Cellosolve ... 40.8 25
Methyl Ethyl Ketone .. 36.0 1.8
Methyl n-Propyl Ketone . 30.4 1.5
Naphtha (VM&P) (76° Naphtha) ... 224 0.9
Naphtha (100 °Flash) Safety Sol-
vent—Stoddard Solvent . 232 1.0
Propyl Acetate (n) 27.2 2.8
Propyl Acetate (iso) 28.0 11
Propyl Alcohol (n) 44.8 21

29 CFR Ch. XVII (7-1-19 Edition)

TABLE G—11—LOWER EXPLOSIVE LIMIT OF
SOME COMMONLY USED SOLVENTS—Continued

Cubic feet Lg‘ﬁ,es?\,%x'
per gallon limit in per-
Solvent of vapor of cent b

liquid at 70 | SPT Y

F. air at 70 °F

Propyl Alcohol (iso) ... 44.0 2.0
Toluene ........ 30.4 1.4
Turpentine 20.8 0.8
Xylene (0) ... 26.4 1.0

1At 212 °F.

(iii)(a) When an operator is in a booth
downstream from the object being
sprayed, an air-supplied respirator or
other type of respirator must be used
by employees that has been approved
by NIOSH under 42 CFR part 84 for the
material being sprayed.

(b) Where downdraft booths are pro-
vided with doors, such doors shall be
closed when spray painting.

(7 Make-up air. (i) Clean fresh air,
free of contamination from adjacent
industrial exhaust systems, chimneys,
stacks, or vents, shall be supplied to a
spray booth or room in quantities
equal to the volume of air exhausted
through the spray booth.

(ii) Where a spray booth or room re-
ceives make-up air through self-closing
doors, dampers, or louvers, they shall
be fully open at all times when the
booth or room is in use for spraying.
The velocity of air through such doors,
dampers, or louvers shall not exceed
200 feet per minute. If the fan charac-
teristics are such that the required air
flow through the booth will be pro-
vided, higher velocities through the
doors, dampers, or louvers may be
used.

(iii)(a) Where the air supply to a
spray booth or room is filtered, the fan
static pressure shall be calculated on
the assumption that the filters are
dirty to the extent that they require
cleaning or replacement.

(b) The rating of filters shall be gov-
erned by test data supplied by the man-
ufacturer of the filter. A pressure gage
shall be installed to show the pressure
drop across the filters. This gage shall
be marked to show the pressure drop at
which the filters require cleaning or re-
placement. Filters shall be replaced or
cleaned whenever the pressure drop
across them becomes excessive or
whenever the air flow through the face
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of the booth falls below that specified
in Table G-10.

(iv)(a) Means for heating make-up air
to any spray booth or room, before or
at the time spraying is normally per-
formed, shall be provided in all places
where the outdoor temperature may be
expected to remain below 55 °F. for ap-
preciable periods of time during the op-
eration of the booth except where ade-
quate and safe means of radiant heat-
ing for all operating personnel affected
is provided. The replacement air during
the heating seasons shall be main-
tained at not less than 65 °F. at the
point of entry into the spray booth or
spray room. When otherwise unheated
make-up air would be at a temperature
of more than 10 °F. below room tem-
perature, its temperature shall be regu-
lated as provided in section 3.6.3 of
ANSI 79.2-1960.

(b) As an alternative to an air re-
placement system complying with the
preceding section, general heating of
the building in which the spray room
or booth is located may be employed
provided that all occupied parts of the
building are maintained at not less
than 656 °F. when the exhaust system is
in operation or the general heating sys-
tem supplemented by other sources of
heat may be employed to meet this re-
quirement.

(¢) No means of heating make-up air
shall be located in a spray booth.

(d) Where make-up air is heated by
coal or oil, the products of combustion
shall not be allowed to mix with the
make-up air, and the products of com-
bustion shall be conducted outside the
building through a flue terminating at
a point remote from all points where
make-up air enters the building.

(e) Where make-up air is heated by
gas, and the products of combustion
are not mixed with the make-up air but
are conducted through an independent
flue to a point outside the building re-
mote from all points where make-up
air enters the building, it is not nec-
essary to comply with paragraph
©)(M({AV)(f) of this section.

(f) Where make-up air to any manu-
ally operated spray booth or room is
heated by gas and the products of com-
bustion are allowed to mix with the
supply air, the following precautions
must be taken:

§1910.95

(I) The gas must have a distinctive
and strong enough odor to warn work-
men in a spray booth or room of its
presence if in an unburned state in the
make-up air.

(2) The maximum rate of gas supply
to the make-up air heater burners
must not exceed that which would
yield in excess of 200 p.p.m. (parts per
million) of carbon monoxide or 2,000
p.p.m. of total combustible gases in the
mixture if the unburned gas upon the
occurrence of flame failure were mixed
with all of the make-up air supplied.

(3) A fan must be provided to deliver
the mixture of heated air and products
of combustion from the plenum cham-
ber housing the gas burners to the
spray booth or room.

(8) Scope. Spray booths or spray
rooms are to be used to enclose or con-
fine all spray finishing operations cov-
ered by this paragraph (c). This para-
graph does not apply to the spraying of
the exteriors of buildings, fixed tanks,
or similar structures, nor to small
portable spraying apparatus not used
repeatedly in the same location.

[39 FR 23502, June 27, 1974, as amended at 40
FR 23073, May 28, 1975; 40 FR 24522, June 9,
1975; 43 FR 49746, Oct. 24, 1978; 49 FR 5322,
Feb. 10, 1984; 55 FR 32015, Aug. 6, 1990; 58 FR
35308, June 30, 1993; 61 FR 9236, Mar. 7, 1996;
63 FR 1269, Jan. 8, 1998; 64 FR 13909, Mar. 23,
1999; 72 FR 71069, Dec. 14, 2007; 74 FR 46356,
Sept. 9, 2009]

§1910.95 Occupational noise exposure.

(a) 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
determined by octave band analysis,
the equivalent A-weighted sound level
may be determined as follows:
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TABLE G—16—PERMISSIBLE NOISE
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FIGURE G-9

Equivalent sound level contours. Octave
band sound pressure levels may be converted
to the equivalent A-weighted sound level by
plotting them on this graph and noting the
A-weighted sound level corresponding to the
point of highest penetration into the sound
level contours. This equivalent A-weighted
sound level, which may differ from the ac-
tual A-weighted sound level of the noise, is
used to determine exposure limits from
Table 1.G-16.

(b)(1) When employees are subjected
to sound exceeding those listed in
Table G-16, feasible administrative or
engineering controls shall be utilized.
If such controls fail to reduce sound
levels within the levels of Table G-16,
personal protective equipment shall be
provided and used to reduce sound lev-
els within the levels of the table.

(2) If the variations in noise level in-
volve maxima at intervals of 1 second
or less, it is to be considered contin-
uous.

TABLE G—16—PERMISSIBLE NOISE EXPOSURES '

Sound
level dBA
slow re-
sponse

Duration per day, hours

»
o
o

- =N WwHO®
©
(5]

2 110

The employer shall administer a con-
tinuing, effective hearing conservation
program, as described in paragraphs (c)
through (o) of this section, whenever
employee noise exposures equal or ex-
ceed an 8-hour time-weighted average
sound level (TWA) of 85 decibels meas-
ured on the A scale (slow response) or,
equivalently, a dose of fifty percent.
For purposes of the hearing conserva-
tion program, employee noise expo-
sures shall be computed in accordance
with appendix A and Table G-16a, and
without regard to any attenuation pro-
vided by the use of personal protective
equipment.

(2) For purposes of paragraphs (c)
through (n) of this section, an 8-hour
time-weighted average of 85 decibels or
a dose of fifty percent shall also be re-
ferred to as the action level.

(d) Monitoring. (1) When information
indicates that any employee’s exposure
may equal or exceed an 8-hour time-
weighted average of 85 decibels, the
employer shall develop and implement
a monitoring program.

(i) The sampling strategy shall be de-
signed to identify employees for inclu-
sion in the hearing conservation pro-
gram and to enable the proper selec-
tion of hearing protectors.

(ii) Where circumstances such as high
worker mobility, significant variations
in sound level, or a significant compo-
nent of impulse noise make area moni-
toring generally inappropriate, the em-
ployer shall use representative per-
sonal sampling to comply with the
monitoring requirements of this para-
graph unless the employer can show
that area sampling produces equivalent
results.
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(2)(i) All continuous, intermittent
and impulsive sound levels from 80
decibels to 130 decibels shall be inte-
grated into the noise measurements.

(ii) Instruments used to measure em-
ployee noise exposure shall be cali-
brated to ensure measurement accu-
racy.

(3) Monitoring shall be repeated
whenever a change in production, proc-
ess, equipment or controls increases
noise exposures to the extent that:

(i) Additional employees may be ex-
posed at or above the action level; or

(ii) The attenuation provided by
hearing protectors being used by em-
ployees may be rendered inadequate to
meet the requirements of paragraph (j)
of this section.

(e) Employee notification. The em-
ployer shall notify each employee ex-
posed at or above an 8-hour time-
weighted average of 85 decibels of the
results of the monitoring.

(f) Observation of monitoring. The em-
ployer shall provide affected employees
or their representatives with an oppor-
tunity to observe any noise measure-
ments conducted pursuant to this sec-
tion.

(g) Audiometric testing program. (1)
The employer shall establish and main-
tain an audiometric testing program as
provided in this paragraph by making
audiometric testing available to all
employees whose exposures equal or ex-
ceed an 8-hour time-weighted average
of 85 decibels.

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

(3) Audiometric tests shall be per-
formed by a licensed or certified audi-
ologist, otolaryngologist, or other phy-
sician, or by a technician who is cer-
tified by the Council of Accreditation
in Occupational Hearing Conservation,
or who has satisfactorily demonstrated
competence in administering
audiometric examinations, obtaining
valid audiograms, and properly using,
maintaining and checking calibration
and proper functioning of the audiom-
eters being used. A technician who op-
erates microprocessor audiometers
does not need to be certified. A techni-
cian who performs audiometric tests
must be responsible to an audiologist,
otolaryngologist or physician.
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(4) All audiograms obtained pursuant
to this section shall meet the require-
ments of appendix C: Audiometric Meas-
uring Instruments.

(6) Baseline audiogram. (i) Within 6
months of an employee’s first exposure
at or above the action level, the em-
ployer shall establish a valid baseline
audiogram against which subsequent
audiograms can be compared.

(ii) Mobile test van exception. Where
mobile test vans are used to meet the
audiometric testing obligation, the em-
ployer shall obtain a valid baseline
audiogram within 1 year of an employ-
ee’s first exposure at or above the ac-
tion level. Where baseline audiograms
are obtained more than 6 months after
the employee’s first exposure at or
above the action level, employees shall
wearing hearing protectors for any pe-
riod exceeding six months after first
exposure until the baseline audiogram
is obtained.

(iii) Testing to establish a baseline
audiogram shall be preceded by at least
14 hours without exposure to workplace
noise. Hearing protectors may be used
as a substitute for the requirement
that baseline audiograms be preceded
by 14 hours without exposure to work-
place noise.

(iv) The employer shall notify em-
ployees of the need to avoid high levels
of non-occupational noise exposure
during the 14-hour period immediately
preceding the audiometric examina-
tion.

(6) Annual audiogram. At least annu-
ally after obtaining the baseline audio-
gram, the employer shall obtain a new
audiogram for each employee exposed
at or above an 8-hour time-weighted
average of 85 decibels.

(7 Evaluation of audiogram. (i) Each
employee’s annual audiogram shall be
compared to that employee’s baseline
audiogram to determine if the audio-
gram is valid and if a standard thresh-
old shift as defined in paragraph (g)(10)
of this section has occurred. This com-
parison may be done by a technician.

(ii) If the annual audiogram shows
that an employee has suffered a stand-
ard threshold shift, the employer may
obtain a retest within 30 days and con-
sider the results of the retest as the an-
nual audiogram.
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(iii) The audiologist,
otolaryngologist, or physician shall re-
view problem audiograms and shall de-
termine whether there is a need for fur-
ther evaluation. The employer shall
provide to the person performing this
evaluation the following information:

(A) A copy of the requirements for
hearing conservation as set forth in
paragraphs (¢) through (n) of this sec-
tion;

(B) The baseline audiogram and most
recent audiogram of the employee to
be evaluated;

(C) Measurements of background
sound pressure levels in the
audiometric test room as required in
appendix D: Audiometric Test Rooms.

(D) Records of audiometer calibra-
tions required by paragraph (h)(5) of
this section.

(8) Follow-up procedures. (i) If a com-
parison of the annual audiogram to the
baseline audiogram indicates a stand-
ard threshold shift as defined in para-
graph (g)(10) of this section has oc-
curred, the employee shall be informed
of this fact in writing, within 21 days of
the determination.

(ii) Unless a physician determines
that the standard threshold shift is not
work related or aggravated by occupa-
tional noise exposure, the employer
shall ensure that the following steps
are taken when a standard threshold
shift occurs:

(A) Employees not using hearing pro-
tectors shall be fitted with hearing pro-
tectors, trained in their use and care,
and required to use them.

(B) Employees already using hearing
protectors shall be refitted and re-
trained in the use of hearing protectors
and provided with hearing protectors
offering greater attenuation if nec-
essary.

(C) The employee shall be referred for
a clinical audiological evaluation or an
otological examination, as appropriate,
if additional testing is necessary or if
the employer suspects that a medical
pathology of the ear is caused or aggra-
vated by the wearing of hearing protec-
tors.

(D) The employee is informed of the
need for an otological examination if a
medical pathology of the ear that is
unrelated to the use of hearing protec-
tors is suspected.
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(iii) If subsequent audiometric test-
ing of an employee whose exposure to
noise is less than an 8-hour TWA of 90
decibels indicates that a standard
threshold shift is not persistent, the
employer:

(A) Shall inform the employee of the
new audiometric interpretation; and

(B) May discontinue the required use
of hearing protectors for that em-
ployee.

(9) Revised baseline. An annual audio-
gram may be substituted for the base-
line audiogram when, in the judgment
of the audiologist, otolaryngologist or
physician who is evaluating the audio-
gram:

(i) The standard threshold shift re-
vealed by the audiogram is persistent;
or

(ii) The hearing threshold shown in
the annual audiogram indicates signifi-
cant improvement over the baseline
audiogram.

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

(ii) In determining whether a stand-
ard threshold shift has occurred, allow-
ance may be made for the contribution
of aging (presbycusis) to the change in
hearing level by correcting the annual
audiogram according to the procedure
described in appendix F: Calculation
and Application of Age Correction to
Audiograms.

(h) Audiometric test requirements. (1)
Audiometric tests shall be pure tone,
air conduction, hearing threshold ex-
aminations, with test frequencies in-
cluding as a minimum 500, 1000, 2000,
3000, 4000, and 6000 Hz. Tests at each
frequency shall be taken separately for
each ear.

(2) Audiometric tests shall be con-
ducted with audiometers (including
microprocessor audiometers) that meet
the specifications of, and are main-
tained and used in accordance with,
American National Standard Specifica-
tion for Audiometers, S3.6-1969, which
is incorporated by reference as speci-
fied in §1910.6.
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(3) Pulsed-tone and self-recording
audiometers, if used, shall meet the re-
quirements specified in appendix C:
Audiometric Measuring Instruments.

(4) Audiometric examinations shall
be administered in a room meeting the
requirements listed in appendix D:
Audiometric Test Rooms.

(6) Audiometer calibration. (i) The
functional operation of the audiometer
shall be checked before each day’s use
by testing a person with known, stable
hearing thresholds, and by listening to
the audiometer’s output to make sure
that the output is free from distorted
or unwanted sounds. Deviations of 10
decibels or greater require an acoustic
calibration.

(ii) Audiometer calibration shall be
checked acoustically at least annually
in accordance with appendix E: Acoustic
Calibration of Audiometers. Test fre-
quencies below 500 Hz and above 6000 Hz
may be omitted from this check. Devi-
ations of 15 decibels or greater require
an exhaustive calibration.

(iii) An exhaustive calibration shall
be performed at least every two years
in accordance with sections 4.1.2; 4.1.3.;
4.1.4.3; 4.2; 4.4.1; 4.4.2; 4.4.3; and 4.5 of
the American National Standard Speci-
fication for Audiometers, S3.6-1969.
Test frequencies below 500 Hz and
above 6000 Hz may be omitted from this
calibration.

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

(2) Employers shall ensure that hear-
ing protectors are worn:

(i) By an employee who is required by
paragraph (b)(1) of this section to wear
personal protective equipment; and

(ii) 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 to para-
graph (g)(5)(ii); or

(B) Has experienced a
threshold shift.

(3) Employees shall be given the op-
portunity to select their hearing pro-
tectors from a variety of suitable hear-

standard
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ing protectors provided by the em-
ployer.

(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
initial fitting and supervise the correct
use of all hearing protectors.

(j) Hearing protector attenuation. (1)
The employer shall evaluate hearing
protector attenuation for the specific
noise environments in which the pro-
tector will be used. The employer shall
use one of the evaluation methods de-
scribed in appendix B: Methods for Esti-
mating the Adequacy of Hearing Protec-
tion Attenuation.

(2) Hearing protectors must attenu-
ate employee exposure at least to an 8-
hour time-weighted average of 90 deci-
bels as required by paragraph (b) of
this section.

(3) For employees who have experi-
enced a standard threshold shift, hear-
ing protectors must attenuate em-
ployee exposure to an 8-hour time-
weighted average of 85 decibels or
below.

(4) The adequacy of hearing protector
attenuation shall be re-evaluated
whenever employee noise exposures in-
crease to the extent that the hearing
protectors provided may no longer pro-
vide adequate attenuation. The em-
ployer shall provide more effective
hearing protectors where necessary.

(k) Training program. (1) The em-
ployer shall train each employee who is
exposed to noise at or above an 8-hour
time weighted average of 85 decibels in
accordance with the requirements of
this section. The employer shall insti-
tute a training program and ensure em-
ployee participation in the program.

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

(3) The employer shall ensure that
each employee is informed of the fol-
lowing:

(i) The effects of noise on hearing;

(ii) The purpose of hearing protec-
tors, the advantages, disadvantages,
and attenuation of various types, and
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instructions on selection, fitting, use,
and care; and

(iii) The purpose of audiometric test-
ing, and an explanation of the test pro-
cedures.

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

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

(3) The employer shall provide, upon
request, all materials related to the
employer’s training and education pro-
gram pertaining to this standard to the
Assistant Secretary and the Director.

(m) Recordkeeping—(1) Exposure meas-
urements. The employer shall maintain
an accurate record of all employee ex-
posure measurements required by para-
graph (d) of this section.

(2) Audiometric tests. (i) The employer
shall retain all employee audiometric
test records obtained pursuant to para-
graph (g) of this section:

(ii) 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 audiometer;
and

(E) Employee’s most recent noise ex-
posure assessment.

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

(3) Record retention. The employer
shall retain records required in this
paragraph (m) for at least the following
periods.

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

(ii) Audiometric test records shall be
retained for the duration of the af-
fected employee’s employment.

(4) Access to records. All records re-
quired by this section shall be provided
upon request to employees, former em-
ployees, representatives designated by
the individual employee, and the As-
sistant Secretary. The provisions of 29
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CFR 1910.1020 (a)-(e) and (g)-(i) apply to
access to records under this section.

(5) Transfer of records. If the employer
ceases to do business, the employer
shall transfer to the successor em-
ployer all records required to be main-
tained by this section, and the suc-
cessor employer shall retain them for
the remainder of the period prescribed
in paragraph (m)(3) of this section.

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

(2) Appendices F and G to this sec-
tion are informational and are not in-
tended to create any additional obliga-
tions not otherwise imposed or to de-
tract from any existing obligations.

(0) Exemptions. Paragraphs ()
through (n) of this section shall not
apply to employers engaged in oil and
gas well drilling and servicing oper-
ations.

APPENDIX A TO §1910.95—NOISE EXPOSURE
COMPUTATION

This appendix is Mandatory

I. COMPUTATION OF EMPLOYEE NOISE
EXPOSURE

(1) Noise dose is computed using Table G-
16a as follows:

(i) When the sound level, L, is constant
over the entire work shift, the noise dose, D,
in percent, is given by: D = 100 C/T where C
is the total length of the work day, in hours,
and T 1is the reference duration cor-
responding to the measured sound level, L,
as given in Table G-16a or by the formula
shown as a footnote to that table.

(ii) When the workshift noise exposure is
composed of two or more periods of noise at
different levels, the total noise dose over the
work day is given by:

D =100(Ci / Ti + C2/ T2+ Cy/ Th),

where C, indicates the total time of exposure
at a specific noise level, and T, indicates the
reference duration for that level as given by
Table G-16a.

(2) The eight-hour time-weighted average
sound level (TWA), in decibels, may be com-
puted from the dose, in percent, by means of
the formula: TWA = 16.61 logo (D/100) + 90.
For an eight-hour workshift with the noise
level constant over the entire shift, the TWA
is equal to the measured sound level.

(3) A table relating dose and TWA is given
in Section II.
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TABLE G—16A
Ref-

. : erence

A-weighted sound level, L (decibel) duration,

T (hour)

80 . 32
81 . 27.9
82 . 24.3
83 . 211
84 . 18.4
85 . 16
86 . 13.9
87 . 121
88 . 10.6
89 . 9.2
90 . 8
91 . 7.0
92 . 6.1
93 . 5.3
94 . 4.6
95 . 4
96 . 3.5
97 . 3.0
98 . 2.6
99 . 2.3
100 2
101 1.7
102 15
103 1.3
104 11
105 1
106 0.87
107 0.76
108 0.66
109 0.57
110 0.5
111 0.44
112 0.38
113 0.33
114 0.29
115 0.25
116 0.22
117 0.19
118 0.16
119 0.14
120 0.125
121 0.11
122 0.095
123 0.082
124 0.072
125 0.063
126 0.054
127 0.047
128 0.041
129 0.036
130 0.031

In the above table the reference duration,
T, is computed by

B 8
- 2(L~90)/5

T

where L is the measured A-weighted sound
level.

AND ‘8-
SOUND

II. CONVERSION BETWEEN ‘‘DOSE”’
HOUR TIME-WEIGHTED AVERAGE”
LEVEL

Compliance with paragraphs (c)-(r) of this
regulation is determined by the amount of
exposure to noise in the workplace. The
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amount of such exposure is usually measured
with an audiodosimeter which gives a read-
out in terms of ‘‘dose.”” In order to better un-
derstand the requirements of the amend-
ment, dosimeter readings can be converted
to an ‘‘8-hour time-weighted average sound
level.” (TWA).

In order to convert the reading of a dosim-
eter into TWA, see Table A-1, below. This
table applies to dosimeters that are set by
the manufacturer to calculate dose or per-
cent exposure according to the relationships
in Table G-16a. So, for example, a dose of 91
percent over an eight hour day results in a
TWA of 89.3 dB, and, a dose of 50 percent cor-
responds to a TWA of 85 dB.

If the dose as read on the dosimeter is less
than or greater than the values found in
Table A-1, the TWA may be calculated by
using the formula: TWA 6.61 logo (D/100) + 90
where TWA = 8-hour time-weighted average
sound level and D = accumulated dose in per-
cent exposure.

TABLE A—1—CONVERSION FROM “PERCENT
NOISE EXPOSURE” OR “DOSE” TO “8-HOUR
TIME-WEIGHTED AVERAGE SOUND LEVEL”
(TWA)

Dose or percent noise exposure TWA
10 . 73.4
15 . 76.3
20 . 78.4
25 . 80.0
30 . 81.3
35. 82.4
40 . 83.4
45 . 84.2
50 . 85.0
55 . 85.7
60 . 86.3
65 . 86.9
70 . 87.4
75 . 87.9
80 . 88.4
81 . 88.5
82 . 88.6
83 . 88.7
84 . 88.7
85 . 88.8
86 . 88.9
87 . 89.0
88 . 89.1
89 . 89.2
90 . 89.2
91 . 89.3
92 . 89.4
93 . 89.5
94 . 89.6
95 . 89.6
96 . 89.7
97 . 89.8
98 . 89.9
99 . 89.9
100 90.0
101 90.1
102 90.1
103 90.2
104 90.3
105 90.4
106 90.4
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TABLE A—1—CONVERSION FROM “PERCENT
NOISE EXPOSURE” OR “DOSE” TO “8-HOUR
TIME-WEIGHTED AVERAGE SOUND LEVEL”
(TWA)—Continued

29 CFR Ch. XVII (7-1-19 Edition)

TABLE A—1—CONVERSION FROM “PERCENT
NOISE EXPOSURE” OR “DOSE” TO “8-HOUR
TIME-WEIGHTED AVERAGE SOUND LEVEL”
(TWA)—Continued

Dose or percent noise exposure TWA Dose or percent noise exposure TWA
107 90.5 590 102.8
108 90.6 600 102.9
109 90.6 610 103.0
110 90.7 620 103.2
111 90.8 630 103.3
12 90.8 640 103.4
113 909 g5 1035
114 909 660 103.6
115 911 470 103.7
17 S o %0 1008
118 912 6% 103.9
119 913 700 104.0
120 913 710 104.1
125 91 /20 104.2
130 919 730 104.3
135 g0 740 104.4
140 92.4 750 104.5
145 927 760 104.6
150 929 770 104.7
155 93.2 780 104.8
160 93.4 790 104.9
165 936 800 105.0
170 93.8 810 105.1
175 940 820 105.2
180 942 830 105.3
185 944 840 105.4
190 946 850 105.4
195 94.8 860 105.5
200 95.0 870 105.6
210 954 880 105.7
220 95.7 890 105.8
230 96.0 900 105.8
240 96.3 910 105.9
250 96.6 920 106.0
260 96.9 930 106.1
270 972 940 106.2
280 97.4 950 106.2
290 97.7 960 106.3
300 97.9 970 106.4
310 982 ggo 106.5
320 984 990 106.5
gig gg.g 999 106.6
350 99.0
360 99.2 APPENDIX B TO §1910.95—METHODS FOR ESTI-
370 99.4 MATING THE ADEQUACY OF HEARING PRO-
380 99.6 TECTOR ATTENUATION
390 99.8
400 100.0 This appendiz is Mandatory
410 100.2
420 100.4 For employees who have experienced a sig-
430 100.5  nificant threshold shift, hearing protector
440 1007 attenuation must be sufficient to reduce em-
jgg ]g?'g ployee exposure to a TWA of 85 dB. Employ-
470 1012  ers must select one of the following methods
480 101.3 by which to estimate the adequacy of hear-
490 1015 ing protector attenuation.
500 101.6 The most convenient method is the Noise
510 101.8  Reduction Rating (NRR) developed by the
520 101.9  Environmental Protection Agency (EPA).
gig 1822 According to EPA regglation, the NRR must
550 1023 e shown on the hearing protector package.
560 1024 The NRR is then related to an individual
570 102.6 worker’s noise environment in order to as-
580 102.7 sess the adequacy of the attenuation of a
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given hearing protector. This appendix de-
scribes four methods of using the NRR to de-
termine whether a particular hearing pro-
tector provides adequate protection within a
given exposure environment. Selection
among the four procedures is dependent upon
the employer’s noise measuring instruments.
Instead of using the NRR, employers may
evaluate the adequacy of hearing protector
attenuation by using one of the three meth-
ods developed by the National Institute for
Occupational Safety and Health (NIOSH),
which are described in the ‘‘List of Personal
Hearing Protectors and Attenuation Data,”
HEW Publication No. 76-120, 1975, pages 21-37.
These methods are known as NIOSH methods
#1B1, #1B2 and #1B3. The NRR described
below is a simplification of NIOSH method
#1B2. The most complex method is NIOSH
method #1B1, which is probably the most ac-
curate method since it uses the largest
amount of spectral information from the in-
dividual employee’s noise environment. As
in the case of the NRR method described
below, if one of the NIOSH methods is used,
the selected method must be applied to an
individual’s noise environment to assess the
adequacy of the attenuation. Employers
should be careful to take a sufficient number
of measurements in order to achieve a rep-
resentative sample for each time segment.

NOTE: The employer must remember that
calculated attenuation values reflect real-
istic values only to the extent that the pro-
tectors are properly fitted and worn.

When using the NRR to assess hearing pro-
tector adequacy, one of the following meth-
ods must be used:

(i) When using a dosimeter that is capable
of C-weighted measurements:

(A) Obtain the employee’s C-weighted dose
for the entire workshift, and convert to TWA
(see appendix A, II).

(B) Subtract the NRR from the C-weighted
TWA to obtain the estimated A-weighted
TWA under the ear protector.

(ii) When using a dosimeter that is not ca-
pable of C-weighted measurements, the fol-
lowing method may be used:

(A) Convert the A-weighted dose to TWA
(see appendix A).

(B) Subtract 7 dB from the NRR.

(C) Subtract the remainder from the A-
weighted TWA to obtain the estimated A-
weighted TWA under the ear protector.

(iii) When using a sound level meter set to
the A-weighting network:

(A) Obtain the employee’s A-weighted
TWA.

(B) Subtract 7 dB from the NRR, and sub-
tract the remainder from the A-weighted
TWA to obtain the estimated A-weighted
TWA under the ear protector.

(iv) When using a sound level meter set on
the C-weighting network:
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(A) Obtain a representative sample of the
C-weighted sound levels in the employee’s
environment.

(B) Subtract the NRR from the C-weighted
average sound level to obtain the estimated
A-weighted TWA under the ear protector.

(v) When using area monitoring procedures
and a sound level meter set to the A-weigh-
ing network.

(A) Obtain a representative sound level for
the area in question.

(B) Subtract 7 dB from the NRR and sub-
tract the remainder from the A-weighted
sound level for that area.

(vi) When using area monitoring proce-
dures and a sound level meter set to the C-
weighting network:

(A) Obtain a representative sound level for
the area in question.

(B) Subtract the NRR from the C-weighted
sound level for that area.

APPENDIX C TO §1910.95—AUDIOMETRIC
MEASURING INSTRUMENTS

This appendix is Mandatory

1. In the event that pulsed-tone audiom-
eters are used, they shall have a tone on-
time of at least 200 milliseconds.

2. Self-recording audiometers shall comply
with the following requirements:

(A) The chart upon which the audiogram is
traced shall have lines at positions cor-
responding to all multiples of 10 dB hearing
level within the intensity range spanned by
the audiometer. The lines shall be equally
spaced and shall be separated by at least V4
inch. Additional increments are optional.
The audiogram pen tracings shall not exceed
2 dB in width.

(B) It shall be possible to set the stylus
manually at the 10-dB increment lines for
calibration purposes.

(C) The slewing rate for the audiometer at-
tenuator shall not be more than 6 dB/sec ex-
cept that an initial slewing rate greater than
6 dB/sec is permitted at the beginning of
each new test frequency, but only until the
second subject response.

(D) The audiometer shall remain at each
required test frequency for 30 seconds (+3 sec-
onds). The audiogram shall be clearly
marked at each change of frequency and the
actual frequency change of the audiometer
shall not deviate from the frequency bound-
aries marked on the audiogram by more than
+3 seconds.

(E) It must be possible at each test fre-
quency to place a horizontal line segment
parallel to the time axis on the audiogram,
such that the audiometric tracing crosses
the line segment at least six times at that
test frequency. At each test frequency the
threshold shall be the average of the
midpoints of the tracing excursions.
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APPENDIX D TO §1910.95—AUDIOMETRIC TEST
ROOMS

This appendix is Mandatory

Rooms used for audiometric testing shall
not have background sound pressure levels
exceeding those in Table D-1 when measured
by equipment conforming at least to the
Type 2 requirements of American National
Standard Specification for Sound Level Me-
ters, S1.4-1971 (R1976), and to the Class II re-
quirements of American National Standard
Specification for Octave, Half-Octave, and
Third-Octave Band Filter Sets, S1.11-1971
(R1976).

TABLE D—1—MAXIMUM ALLOWABLE OCTAVE-
BAND SOUND PRESSURE LEVELS FOR
AUDIOMETRIC TEST ROOMS

Octave-band center fre-

quency (Hz) ...ccccovveee 500
Sound pressure level

(AB) oo 40 40 47 57 62

1000 2000 4000 8000

APPENDIX E TO §1910.95—ACOUSTIC
CALIBRATION OF AUDIOMETERS

This appendix is Mandatory

Audiometer calibration shall be checked
acoustically, at least annually, according to
the procedures described in this appendix.
The equipment necessary to perform these
measurements is a sound level meter, oc-
tave-band filter set, and a National Bureau
of Standards 9A coupler. In making these
measurements, the accuracy of the -cali-
brating equipment shall be sufficient to de-
termine that the audiometer is within the
tolerances permitted by American Standard
Specification for Audiometers, S3.6-1969.

(1) Sound Pressure Output Check

A. Place the earphone coupler over the
microphone of the sound level meter and
place the earphone on the coupler.

B. Set the audiometer’s hearing threshold
level (HTL) dial to 70 dB.

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

D. At each frequency the readout on the
sound level meter should correspond to the
levels in Table E-1 or Table E-2, as appro-
priate, for the type of earphone, in the col-
umn entitled ‘‘sound level meter reading.”

(2) Linearity Check

A. With the earphone in place, set the fre-
quency to 1000 Hz and the HTL dial on the
audiometer to 70 dB.

B. Measure the sound levels in the coupler
at each 10-dB decrement from 70 dB to 10 dB,
noting the sound level meter reading at each
setting.

C. For each 10-dB decrement on the audi-
ometer the sound level meter should indicate
a corresponding 10 dB decrease.

29 CFR Ch. XVII (7-1-19 Edition)

D. This measurement may be made elec-
trically with a voltmeter connected to the
earphone terminals.

(8) Tolerances

When any of the measured sound levels de-
viate from the levels in Table E-1 or Table
E-2 by #3 dB at any test frequency between
500 and 3000 Hz, 4 dB at 4000 Hz, or 5 dB at
6000 Hz, an exhaustive calibration is advised.
An exhaustive calibration is required if the
deviations are greater than 15 dB or greater
at any test frequency.

TABLE E—1—REFERENCE THRESHOLD LEVELS
FOR TELEPHONICS—TDH-39 EARPHONES

Reference
tlhreslhfold | S(l)undt
evel for evel meter
Frequency, Hz TDH-39 reading,
earphones, dB
dB
115 81.5
7 77
9 79
10 80
9.5 79.5
15.5 85.5

TABLE E—2—REFERENCE THRESHOLD LEVELS
FOR TELEPHONICS—TDH—-49 EARPHONES

Ref-
erence
threshold Sound
level for level
Frequency, Hz TDH-49 meter
reading,
ear- dB
phones,
dB
135 83.5
75 775
11 81.0
9.5 79.5
105 80.5
135 83.5

APPENDIX F TO §1910.95—CALCULATIONS AND
APPLICATION OF AGE CORRECTIONS TO
AUDIOGRAMS

This appendix Is Non-Mandatory

In determining whether a standard thresh-
old shift has occurred, allowance may be
made for the contribution of aging to the
change in hearing level by adjusting the
most recent audiogram. If the employer
chooses to adjust the audiogram, the em-
ployer shall follow the procedure described
below. This procedure and the age correction
tables were developed by the National Insti-
tute for Occupational Safety and Health in
the criteria document entitled ‘‘Criteria for
a Recommended Standard . . . Occupational
Exposure to Noise,” (HSM)-11001).

For each audiometric test frequency;

(i) Determine from Tables F-1 or F-2 the
age correction values for the employee by:
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(A) Finding the age at which the most re- TABLE F—1—AGE CORRECTION VALUES IN
cent audiogram was taken and recording the DECIBELS FOR MALES
corresponding values of age corrections at
1000 Hz through 6000 Hz; Audiometric Test Frequencies (Hz)

(B) Finding the age at which the baseline Years

audiogram was taken and recording the cor- 1000 2000 3000 4000 6000

responding values of age corrections at 1000
Hz through 6000 Hz.

(ii) Subtract the values found in step (i)(B)
from the value found in step (i)(A).

(iii) The differences calculated in step (ii)
represented that portion of the change in
hearing that may be due to aging.

Example: Employee is a 32-year-old male.
The audiometric history for his right ear is
shown in decibels below.

©WOWOWONNNOOO O OO
o

Audiometric test frequency (Hz)

©COOWOONNNOOCODODODUUUOADDD

Employee’s age 10 14
1000 2000 3000 4000 6000 11 15
1 15
10 5 5 10 5 12 16
0 0 0 5 5 12 17
0 0 0 10 5 13 17
5 0 5 15 5 10 14 18
0 5 10 20 10 10 14 19
5 10 20 15 15
5 10 10 25 20 10 It 2

The audiogram at age 27 is considered the
baseline since it shows the best hearing
threshold levels. Asterisks have been used to
identify the baseline and most recent audio-
gram. A threshold shift of 20 dB exists at 4000
Hz between the audiograms taken at ages 27
and 32.

(The threshold shift is computed by sub-
tracting the hearing threshold at age 27,
which was 5, from the hearing threshold at
age 32, which is 25). A retest audiogram has

OOOWOWOVWOWROPOPOENNNNNNNOODOODOODOOOO IO OGOl 01Ol
O©OWWOWOWOWONNNNOODODOOODOOUUOUOAOABRMARRROWWLWWWW

confirmed this shift. The contribution of nonox% 2 0=
aging to this change in hearing may be esti- 10 12 20 31 36
mated in the following manner: 11 12 22 32 37

Go to Table F-1 and find the age correction
values (in dB) for 4000 Hz at age 27 and age 32.
Frequency (Hz) TABLE F-2—AGE CORRECTION VALUES IN

1000 2000 3000 4000 6000 DECIBELS FOR FEMALES
6 5 7 10 14 Audiometric Test Frequencies (Hz)

Years
5 4 6 7 11 1000 2000 3000 4000 6000

Difference ...... 1 1 1 3 3

1 13 23 33 38

The difference represents the amount of
hearing loss that may be attributed to aging
in the time period between the baseline
audiogram and the most recent audiogram.
In this example, the difference at 4000 Hz is
3 dB. This value is subtracted from the hear-
ing level at 4000 Hz, which in the most recent
audiogram is 25, yielding 22 after adjust-
ment. Then the hearing threshold in the
baseline audiogram at 4000 Hz (5) is sub-
tracted from the adjusted annual audiogram
hearing threshold at 4000 Hz (22). Thus the
age-corrected threshold shift would be 17 dB
(as opposed to a threshold shift of 20 dB
without age correction).

©COWOWOWOWONNNOOO®

NN~NoOooOoOoOooO oo ahspsd
NNNNooooooouoooahsSsDSDAAWO
NNNNOODOU O OO RADMREDMDNO®

O W WOWOWWOWWWOOoOoOoWOoNNNNN
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TABLE F—2—AGE CORRECTION VALUES IN
DECIBELS FOR FEMALES—Continued

Audiometric Test Frequencies (Hz)

Years
1000 2000 3000 4000 6000
10 7 8 8 12
10 7 8 8 13
10 8 8 8 13
10 8 9 9 13
11 8 9 9 14
1 8 9 9 14
11 8 10 10 15
11 9 10 10 15
11 9 10 11 16
12 9 11 11 16
12 9 11 11 16
12 10 11 12 17
12 10 12 12 17

12 10 12 13 18
13 10 13 13 18
13 11 13 14 19
13 11 14 14 19
13 11 14 15 20
13 11 15 15 20
14 12 15 16 21
14 12 16 16 21
14 12 16 17 22

APPENDIX G TO §1910.95—MONITORING NOISE
LEVELS NON-MANDATORY INFORMATIONAL
APPENDIX

This appendix provides information to help
employers comply with the noise monitoring
obligations that are part of the hearing con-
servation amendment.

WHAT IS THE PURPOSE OF NOISE MONITORING?

This revised amendment requires that em-
ployees be placed in a hearing conservation
program if they are exposed to average noise
levels of 85 dB or greater during an 8 hour
workday. In order to determine if exposures
are at or above this level, it may be nec-
essary to measure or monitor the actual
noise levels in the workplace and to estimate
the noise exposure or ‘‘dose’ received by em-
ployees during the workday.

WHEN IS IT NECESSARY TO IMPLEMENT A
NOISE MONITORING PROGRAM?

It is not necessary for every employer to
measure workplace noise. Noise monitoring
or measuring must be conducted only when
exposures are at or above 85 dB. Factors
which suggest that noise exposures in the
workplace may be at this level include em-
ployee complaints about the loudness of
noise, indications that employees are losing
their hearing, or noisy conditions which
make normal conversation difficult. The em-
ployer should also consider any information
available regarding noise emitted from spe-
cific machines. In addition, actual workplace
noise measurements can suggest whether or
not a monitoring program should be initi-
ated.

HOW IS NOISE MEASURED?

Basically, there are two different instru-
ments to measure noise exposures: the sound
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level meter and the dosimeter. A sound level
meter is a device that measures the inten-
sity of sound at a given moment. Since
sound level meters provide a measure of
sound intensity at only one point in time, it
is generally necessary to take a number of
measurements at different times during the
day to estimate noise exposure over a work-
day. If noise levels fluctuate, the amount of
time noise remains at each of the various
measured levels must be determined.

To estimate employee noise exposures with
a sound level meter it is also generally nec-
essary to take several measurements at dif-
ferent locations within the workplace. After
appropriate sound level meter readings are
obtained, people sometimes draw ‘‘maps’’ of
the sound levels within different areas of the
workplace. By using a sound level ‘‘map”’
and information on employee locations
throughout the day, estimates of individual
exposure levels can be developed. This meas-
urement method is generally referred to as
area noise monitoring.

A dosimeter is like a sound level meter ex-
cept that it stores sound level measurements
and integrates these measurements over
time, providing an average noise exposure
reading for a given period of time, such as an
8-hour workday. With a dosimeter, a micro-
phone is attached to the employee’s clothing
and the exposure measurement is simply
read at the end of the desired time period. A
reader may be used to read-out the
dosimeter’s measurements. Since the dosim-
eter is worn by the employee, it measures
noise levels in those locations in which the
employee travels. A sound level meter can
also be positioned within the immediate vi-
cinity of the exposed worker to obtain an in-
dividual exposure estimate. Such procedures
are generally referred to as personal noise
monitoring.

Area monitoring can be used to estimate
noise exposure when the noise levels are rel-
atively constant and employees are not mo-
bile. In workplaces where employees move
about in different areas or where the noise
intensity tends to fluctuate over time, noise
exposure is generally more accurately esti-
mated by the personal monitoring approach.

In situations where personal monitoring is
appropriate, proper positioning of the micro-
phone is necessary to obtain accurate meas-
urements. With a dosimeter, the microphone
is generally located on the shoulder and re-
mains in that position for the entire work-
day. With a sound level meter, the micro-
phone is stationed near the employee’s head,
and the instrument is usually held by an in-
dividual who follows the employee as he or
she moves about.

Manufacturer’s instructions, contained in
dosimeter and sound level meter operating
manuals, should be followed for calibration
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and maintenance. To ensure accurate re-
sults, it is considered good professional prac-
tice to calibrate instruments before and
after each use.

HOW OFTEN IS IT NECESSARY TO MONITOR
NOISE LEVELS?

The amendment requires that when there
are significant changes in machinery or pro-
duction processes that may result in in-
creased noise levels, remonitoring must be
conducted to determine whether additional
employees need to be included in the hearing
conservation program. Many companies
choose to remonitor periodically (once every
year or two) to ensure that all exposed em-
ployees are included in their hearing con-
servation programs.

WHERE CAN EQUIPMENT AND TECHNICAL AD-
VICE BE OBTAINED?

Noise monitoring equipment may be either
purchased or rented. Sound level meters cost
about $500 to $1,000, while dosimeters range
in price from about $750 to $1,500. Smaller
companies may find it more economical to
rent equipment rather than to purchase it.
Names of equipment suppliers may be found
in the telephone book (Yellow Pages) under
headings such as: ‘‘Safety Equipment,” “In-
dustrial Hygiene,” or ‘‘Engineers-Acous-
tical.” In addition to providing information
on obtaining noise monitoring equipment,
many companies and individuals included
under such listings can provide professional
advice on how to conduct a valid noise moni-
toring program. Some audiological testing

§1910.95

firms and industrial hygiene firms also pro-
vide noise monitoring services. Universities
with audiology, industrial hygiene, or acous-
tical engineering departments may also pro-
vide information or may be able to help em-
ployers meet their obligations under this
amendment.

Free, on-site assistance may be obtained
from OSHA-supported state and private con-
sultation organizations. These safety and
health consultative entities generally give
priority to the needs of small businesses.

APPENDIX H TO §1910.95—AVAILABILITY OF
REFERENCED DOCUMENTS

Paragraphs (c¢) through (o) of 29 CFR 1910.95
and the accompanying appendices contain
provisions which incorporate publications by
reference. Generally, the publications pro-
vide criteria for instruments to be used in
monitoring and audiometric testing. These
criteria are intended to be mandatory when
so indicated in the applicable paragraphs of
§1910.95 and appendices.

It should be noted that OSHA does not re-
quire that employers purchase a copy of the
referenced publications. Employers, how-
ever, may desire to obtain a copy of the ref-
erenced publications for their own informa-
tion.

The designation of the paragraph of the
standard in which the referenced publica-
tions appear, the titles of the publications,
and the availability of the publications are
as follows:

Paragraph designation Referenced publication

Available from—

Appendix B .......ccocooveiiiinne “List of Personal Hearing Protectors and National Technical Information Service, Port Royal
Attenuation Data,” HEW Pub. No. 76— Road, Springfield, VA 22161.
120, 1975. NTIS-PB267461.

AppendiX D ....oooveveiiiiies “Specification for Sound Level Meters,” American National Standards Institute, Inc., 1430
S$1.4-1971 (R1976). Broadway, New York, NY 10018.

§1910.95(k)(2), appendix E  “Specifications for Audiometers,” S3.6— American National Standards Institute, Inc., 1430

1969.
Appendix D ....ccoceoviiiiinins

$1.11-1971 (R1976).

“Specification for Octave, Half-Octave
and Third-Octave Band Filter Sets,”

Broadway, New York, NY 10018.

Back Numbers Department, Dept. STD, American In-
stitute of Physics, 333 E. 45th St., New York, NY
10017; American National Standards Institute, Inc.,
1430 Broadway, New York, NY 10018.

The referenced publications (or a micro-
fiche of the publications) are available for
review at many universities and public li-
braries throughout the country. These publi-
cations may also be examined at the OSHA
Technical Data Center, Room N2439, United
States Department of Labor, 200 Constitu-
tion Avenue, NW., Washington, DC 20210,
(202) 219-7500 or at any OSHA Regional Office
(see telephone directories under TUnited
States Government—Labor Department).

APPENDIX I TO §1910.95—DEFINITIONS

These definitions apply to the following
terms as used in paragraphs (c) through (n)
of 29 CFR 1910.95.

Action level—An 8-hour time-weighted aver-
age of 85 decibels measured on the A-scale,
slow response, or equivalently, a dose of
fifty percent.

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

Audiologist—A professional, specializing in
the study and rehabilitation of hearing,
who is certified by the American Speech-
Language-Hearing Association or licensed
by a state board of examiners.

Baseline audiogram—The audiogram against
which future audiograms are compared.
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Criterion sound level—A sound level of 90
decibels.

Decibel (dB)—Unit of measurement of sound
level.

Hertz (Hz)—Unit of measurement of fre-
quency, numerically equal to cycles per
second.

Medical pathology—A disorder or disease.
For purposes of this regulation, a condi-
tion or disease affecting the ear, which
should be treated by a physician specialist.

Noise dose—The ratio, expressed as a per-
centage, of (1) the time integral, over a
stated time or event, of the 0.6 power of the
measured SLOW exponential time-aver-
aged, squared A-weighted sound pressure
and (2) the product of the criterion dura-
tion (8 hours) and the 0.6 power of the
squared sound pressure corresponding to
the criterion sound level (90 dB).

Noise dosimeter—An instrument that inte-
grates a function of sound pressure over a
period of time in such a manner that it di-
rectly indicates a noise dose.

Otolaryngologist—A physician specializing
in diagnosis and treatment of disorders of
the ear, nose and throat.

Representative exposure—Measurements of
an employee’s noise dose or 8-hour time-
weighted average sound level that the em-
ployers deem to be representative of the
exposures of other employees in the work-
place.

Sound level—Ten times the common loga-
rithm of the ratio of the square of the
measured A-weighted sound pressure to the
square of the standard reference pressure
of 20 micropascals. Unit: decibels (dB). For
use with this regulation, SLOW time re-
sponse, in accordance with ANSI S1.4-1971
(R1976), is required.

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

Time-weighted average sound level—That
sound level, which if constant over an 8-
hour exposure, would result in the same
noise dose as is measured.

[39 FR 23502, June 27, 1974, as amended at 46
FR 4161, Jan. 16, 1981; 46 FR 62845, Dec. 29,
1981; 48 FR 9776, Mar. 8, 1983; 48 FR 29687,
June 28, 1983; 54 FR 24333, June 7, 1989; 61 FR
9236, Mar. 7, 1996; 71 FR 16672, Apr. 3, 2006; 73
FR 75584, Dec. 12, 2008]

§1910.97 Nonionizing radiation.

(a) Electromagnetic radiation—(1) Defi-
nitions applicable to this paragraph. (i)
The term electromagnetic radiation is re-
stricted to that portion of the spec-
trum commonly defined as the radio
frequency region, which for the purpose
of this specification shall include the
microwave frequency region.

(i1) Partial body irradiation. Pertains
to the case in which part of the body is

29 CFR Ch. XVII (7-1-19 Edition)

exposed to the incident electro-
magnetic energy.

(iii) Radiation protection guide. Radi-
ation level which should not be exceed-
ed without careful consideration of the
reasons for doing so.

(iv) The word ‘‘symbol”’ as used in
this specification refers to the overall
design, shape, and coloring of the rf ra-
diation sign shown in figure G-11.

(v) Whole body irradiation. Pertains to
the case in which the entire body is ex-
posed to the incident electromagnetic
energy or in which the cross section of
the body is smaller than the cross sec-
tion of the incident radiation beam.

(2) Radiation protection guide. (i) For
normal environmental conditions and
for incident electromagnetic energy of
frequencies from 10 MHz to 100 GHz,
the radiation protection guide is 10
mW/cm.2 (milliwatt per square centi-
meter) as averaged over any possible
0.1-hour period. This means the fol-
lowing:

Power density: 10 mW./cm.2 for periods of 0.1-
hour or more.
Energy density: 1 mW.-hr./cm.2 (milliwatt

hour per square centimeter) during any 0.1-

hour period.

This guide applies whether the radi-
ation is continuous or intermittent.

(ii) These formulated recommenda-
tions pertain to both whole body irra-
diation and partial body irradiation.
Partial body irradiation must be in-
cluded since it has been shown that
some parts of the human body (e.g.,
eyes, testicles) may be harmed if ex-
posed to incident radiation levels sig-
nificantly in excess of the rec-
ommended levels.

(3) Warning symbol. (i) The warning
symbol for radio frequency radiation
hazards shall consist of a red isosceles
triangle above an inverted black isos-
celes triangle, separated and outlined
by an aluminum color border. The
words ‘“Warning—Radio-Frequency Ra-
diation Hazard” shall appear in the
upper triangle. See figure G-11.

(ii) ANSI Z53.1-1967 or ANSI Z535.1-
2006(R2011), incorporated by reference
in §1910.6, is for use for color specifica-
tion. All lettering and the border shall
be of aluminum color.

(iii) The inclusion and choice of
warning information or precautionary
instructions is at the discretion of the
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user. If such information is included it
shall appear in the lower triangle of
the warning symbol.

(54D)

RED BACKGROUND

ALUMINUM LETTERS

{
WARNING [~

¢’ RADIO-FREQUENCY RADIATION HAZARD 2o
=
[}
INSERT WARNING DATA OR
éldggg:{w /N INSTRUCTIONS IN THIS AREA

ALUMINUM LETTERS

BLACK BACKGROUND

I. Place handling and mounting instructions on reverse side.
2. D=Scaling unit,
3. Lettering: Ratio of letter height to thickness of letter lines.
Ugper triongle : Sto| Lorge
610! Medium
Lower triangie 4 1o i Small
6 tol Medium
4. Symbol is square, triangles are right-angle isosceles.

FIGURE G—11—RADIO-FREQUENCY RADIATION HAZARD WARNING SYMBOL
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(4) Scope. This section applies to all
radiations originating from radio sta-
tions, radar equipment, and other pos-
sible sources of electromagnetic radi-
ation such as used for communication,
radio navigation, and industrial and
scientific purposes. This section does
not apply to the deliberate exposure of
patients by, or under the direction of,
practitioners of the healing arts.

(b) [Reserved]

[39 FR 23502, June 27, 1974, as amended at 61
FR 9236, Mar. 7, 1996; 78 FR 35566, June 13,
2013]

§1910.98 Effective dates.

(a) The provisions of this subpart G
shall become effective on August 27,
1971, except as provided in the remain-
ing paragraphs of this section.

(b) The following provisions shall be-
come effective on February 15, 1972:

§1910.94 (a)(2)(iiD), (a)(d), (a)4), (b), (c)(2),
©@3), ()@, (©)5), ()6)1), (C)6)(i),
(D)), (A)(B), (A)(4), (A)(5), and (A)(7).

(c) Notwithstanding anything in
paragraph (a), (b), or (d) of this section,
any provision in any other section of
this subpart which contains in itself a
specific effective date or time limita-
tion shall become effective on such
date or shall apply in accordance with
such limitation.

(d) Notwithstanding anything in
paragraph (a) of this section, if any
standard in 41 CFR part 50-204, other
than a national consensus standard in-
corporated by reference in §50-
204.2(a)(1), is or becomes applicable at
any time to any employment and place
of employment, by virtue of the Walsh-
Healey Public Contracts Act, or the
Service Contract Act of 1965, or the Na-
tional Foundation on Arts and Human-
ities Act of 1965, any corresponding es-
tablished Federal standard in this sub-
part G which is derived from 41 CFR
part 50-204 shall also become effective,
and shall be applicable to such employ-
ment and place of employment, on the
same date.

Subpart H—Hazardous Materials

AUTHORITY: Sections 4, 6, and 8 of the Occu-
pational Safety and Health Act of 1970 (29
U.S.C. 653, 655, 657); Secretary of Labor’s
Order No. 12-7T1 (36 FR 8754), 8-76 (41 FR
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250569), 9-83 (48 FR 35736), 1-90 (65 FR 9033), 6—
96 (62 FR 111), 3-2000 (65 FR 50017), or 5-2007
(72 FR 31159), 4-2010 (75 FR 55355) or 1-2012 (77
FR 3912), as applicable; and 29 CFR part 1911.

Sections 1910.103, 1910.106 through 1910.111,
and 1910.119, 1910.120, and 1910.122 through
1910.126 also issued under 29 CFR part 1911.

Section 1910.119 also issued under Section
304, Clean Air Act Amendments of 1990 (Pub.
L. 101-549), reprinted at 29 U.S.C.A. 655 Note.

Section 1910.120 also issued under Section
126, Superfund Amendments and Reauthor-
ization Act of 1986 as amended (29 U.S.C.A.
655 Note), and 5 U.S.C. 553.

§1910.101 Compressed gases (general
requirements).

(a) Inspection of compressed gas cyl-
inders. Bach employer shall determine
that compressed gas cylinders under
his control are in a safe condition to
the extent that this can be determined
by visual inspection. Visual and other
inspections shall be conducted as pre-
scribed in the Hazardous Materials
Regulations of the Department of
Transportation (49 CFR parts 171-179
and 14 CFR part 103). Where those regu-
lations are not applicable, visual and
other inspections shall be conducted in
accordance with Compressed Gas Asso-
ciation Pamphlets C-6-1968 and C-8-
1962, which is incorporated by reference
as specified in §1910.6.

(b) Compressed gases. The in-plant
handling, storage, and utilization of all
compressed gases in cylinders, portable
tanks, rail tankcars, or motor vehicle
cargo tanks shall be in accordance with
Compressed Gas Association Pamphlet
P-1-1965, which is incorporated by ref-
erence as specified in §1910.6.

(c) Safety relief devices for compressed
gas containers. Compressed gas cyl-
inders, portable tanks, and cargo tanks
shall have pressure relief devices in-
stalled and maintained in accordance
with Compressed Gas Association Pam-
phlets S-1.1-1963 and 1965 addenda and
S-1.2-1963, which is incorporated by ref-
erence as specified in §1910.6.

[39 FR 23502, June 27, 1974, as amended at 61
FR 9236, Mar. 7, 1996]

§1910.102 Acetylene.

(a) Cylinders. Employers must ensure
that the in-plant transfer, handling,
storage, and use of acetylene in cyl-
inders comply with the provisions of
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