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Abstract

Industrial hygiene surveys were conducted on September 26, 1984 and on
January 15, 1986 at the Clermont Sun in Batavia, Ohic, a newspaper
publishing company which prints by the lithographic process. The purpose of
the survey was to determine if pressmen were exposed to polycyclie aromatic
hydrocarbons (PAHs) and the alkylated or nitrated forms of these compounds.
Air samples collected in the pressroom revealed no detectable levels of
PAHs. The lithographic or offset press used at this facility does not
obtain the printing speed required to generate an ink aercsol. The black
newsprint ink did contain PAHs and alkylated-PAHs, which were all below 30.5
nanograms per microliter (ng/uL) of ink. However, there appears to be no
inhslation hazard to the employees from airborne PAHs. Any health hazards
to employees from skin contact to inks is unknown. Samples of airborne dust
and filings from the brake pads used to create tension between the web and
rrecs rollers 4id not contain asbestos. Noise levels measured during the
operation of the press, ranged from 90 dBA to 108 dBA in the work area. A
comprehensive noise monitoring program needs to be established because of
the high noise levels.
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Introducticn

Numerous epidemiological studies have demonstrated an increased risk of
cancer of the respiratory tract in newspaper pressmen. A mortality study of
newspaper pressmen sponsored by NIOSH demonstrated a 200% increase in cancer
of the buccal cavity and pharynx and a 50% increase in lung cancer within
this occupation (1). Earlier, an increased proportion of upper respiratory
cancer deaths was found among U.S. newspaper pressmen (2). Two British
reports documented excess deaths from cancer of the lung and bronchus in
newspaper pressmen (3,4). While a number of other studies in the printing
trades tend to support these findings (5-13), three investigations have
found no increase in cancer mortality among printers (14-16).

An explanation of this cancer excess may be found by examining the
composition of the news printing inks. Most black newsprint inks contain
carbon black and petroleum pitch which is carcinogenic in laboratory
animals (17). The carcinogenicity of petroleum piteh is likely due to the
content of varicus polycyclic aromatic hydrocarbons (PAHs) (18-20),

Worker exposure to the newsprint ink occurs in the pressroom by inhalation
of ink mist created by the high speed presses used in major newsprinting
facilities. A literature review on air concentration of ink mist from six
different newsprint facilities ranged from less than 1 to over 40 milligrams
per cubic meter air (mg/m3) (21). Moreover an industrial hygiene survey
sponsored by NIOSH, reported that in one newspaper pressroom at least 66% of
the mass of the ink mist aerosol was of respirable size of 10 microns (um)
in diameter (22). Dermal exposure to ink is common and unavoidable in the
printing operations because ink is present on most of the equipment.

A soon to be published study, has found an elevated number of malignant
melanoma cases among white males in the printing industry (23). The results
of other epidemiology studies provide support for this finding
(4,7,8,16,24-30), The cause of this disease is not known except that
ultraviolet light and dimethylbenzanthracene are thought to be important
factors in the etiology of malignant melanomas. Potential exposure to
ultraviolet radiation can occur during printing processes such as
photoengraving, lithographic plate making, and the curing of ink. 1In
addition, exposures to inks which contain dimethylbenzanthracene may also
contribute to excess risk for malignant melanomas.

The purpose of this survey was to determine if pressroom air and the black
printing inks, used in this facility, contained polycyelic aromatic
hydrocarbons (PAH), nitrated-PAHs (nitro-PAHs), and alkylated-PAHs. The
Clermont Sun was selected for this survey because it is representative of a
typical small scale newspaper printing company. The results of this survey
will determine if further surveys at similar companies will be conducted.

Plant and Process Description

The company is located in a residential-business area of Batavia, Ohio. The
company occupies one building with offices and the layout department on the
first floor. The plate making, printing, and mailing is performed in the



basement. Figure 1 is the floor plan of the basement. The single press, a
Cottrell Model V-15A, occupies most of the floor space in the basement with
photo processing being performed in two adjacent rooms. Printing is done by
a typical lithographic offset process, using one black offset ink and
several colors. The lithographic process begins with the creation of a
printing plate from a photograph which has been chemically pretreated to
form ink receptive and ink repellent areas. The printing plate is a thin
aluminum sheet which is coated with a photosensitive medium by the supplier
of this equipment. The treatment of this medium is done in a sink by a
worker who wears rubber gloves and uses tongs to handle the plates. A
photographic image is transferred by "burning” an image on to the plate with
an ultraviolet light source. The plate is exposed for 5 minutes but is well
covered to prevent ultraviolet light from escaping into the work area. The
plate is then mounted onto the plate cylinder of the press and rotates on
the cylinder coming into contact with water and ink. The ink adheres to the
receptive areas of the plate, the image is then transferred from the plate
to an intermediate roller or blanket, and finally the ink is transferred to
the paper. A continuous roll of newsprint paper is fed onto the press. The
roll of paper that passes continuously through the press is termed a web.
The web moves over the press rollers while an ink image is transferred to
the paper. The paper is automatically cut, folded, and stacked after
printing. The press is cleaned daily with isopropyl aleohol and rags.

The black offset ink contains carbon black for pigment and petroleum cils as
the vehicle. Once the print is transferred to the paper, the oil is
absorbed into the paper leaving the carbon on the surface of the paper.
Since there is little binding to the paper, the ink can be smudged and
rubbed off during handling.

The company prints 12 weekly newspapers, totaling approximately 300,000
impressions per week. During the survey on September 26, 1984, the presses
were operating at approximately 20,000 impressions per shift. On

January 17, 1986 the press was operated at a speed of 17,000 impressions per
hour (iph) for 51 minutes. The press operator then increased the speed of
the press to its maximum speed of 22,000 iph for 10 minutes to demonstrate
the highest noise level that the press can generate.

The company was concerned that the brake pads which are used to control the
flow of paper between the paper roll and the press rollers contained
asbestos. When the brake pads were first installed, they generated a strong
sulfur smelling smoke through out the building. After several days of
-operation, the smoke and odor subsided. The smoke was further reduced by
applying o0il to the pads. The manufacturer of the brake pads claimed that
the pads were free of asbestos. However, to insure that no asbestos was
present, dust and filing samples were collected for analysis.

Description of Past Exposures

The company was started in 1971 and began printing that same year with a
small offset press. In 1975 the present press was installed. No monitoring
of any kind has been conducted at the company. However, since there has
been no changes in production it can be assumed that there has been no
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changes in exposures. The only exception is that before September, 1984 the
employees did not have hearing protection equipment. Now the pressmen each
have ear muffs.

Description of Medical, Industrial Hygiene and Safety Programs

No medical, industrial hygiene or safety programs are currently being
offered by the company.

Description of Workforce

The company operates on 2 shifts employing 2 full-time and 2 part-time
pressmen per shift. Employees are responsible for loading the paper rolls
on the press, supplying ink and fountain solution (a mixture of water, acid,
buffer, and a gum to prevent the non-printing areas of the plate from
receiving ink), monitoring the operation of the press, and the cleaning of
the press. Isopropyl alcohol is used to remove ink from the rollers and
equipment. Five women work in a room adjacent to the pressroom, bundling
the papers for shipping.

Sampling Method

The air sampling and analysis of PAHs were done according to the NIOSH
Technical Bulletin TB0Ol, issued December 1, 1982 (32).

Area air samples were collected in the pressroom next to the press. Two
sampling trains were located near the top of the press. The collection
media was a 37-mm Zefluor filter, 2.0 um pore size, followed by an XAD-2,
100/50 mg sorbent resin tube. The flow rate was 1 liter per minute and the
collection time was for 382 minutes. A third area sample was collected
adjacent to the press against a side wall with a Zefluor filter at a flow
rate of 23 liters per minute for 267 minutes. The fourth sample was also
collected along the same wall. This sampling train contained 2 Zefluor
filters in parallel, each with a flow rate of 12.1 liters per minute for 395
minutes. Sampling was performed during the operation of the press.

The area sound levels from the operation of the press were recorded with the
Quest Medel 215 Sound Level Meter. The meter was set on the A weighted
scale, which most closely follows the human range of hearing, with a slow
meter response time. Thirteen measurements were recorded at 7 locations in
the work area (Diagram 1). The monitoring was conducted during normal press
operating speed of 17,000 iph which lasted for 51 minutes and for 10 minutes
during maximum operating speed of 22,000 iph.

Two bulk samples were collected from the brake pads for asbestos analysis.
One sample was collected by wiping the dust and oil mixture off the edges of
the pad. The second sample was collected by filing particles directly from
the pad. Four other samples were collected on 25-mm cellulose ester '
membrane filters inside a closed face cassette by drawing air through the
filter using a battery powered pump. Two filters were used to vacuum dust



from surfaces in the building. The other two filters were used to collect
airborne particulates for 1 hour during the operating of the press.

Analvtical Method

The filters, sorbent tubes, and one ink sample were analyzed by High
Performance Liquid Chromatography (HPLC)/Ultraviolet/Florescence for the
following PAHSs:

Naphthalene Pyrene
Acenaphthylene Benz(a)anthracene
Acenaphthylene Chrysene
Phenanthrene Benzo(b)fluoranthene
Anthracene Benzo(k)fluoranthene
Fluoranthene Benzo(a)pyrene

The filter samples were microextracted with 25 ml of toluene for a period
totaling 48 hours then concentrated to 5 ml. The concentrate was then
solvent exchanged with equal volumes of acetonitrile for HPLC analysis. The
sorbent tubes were desorbed with 5.0 ml methylene chloride for 30 minutes
and solvent exchanged with equal volumes of acetonitrile.

The same samples were also analyzed by gas chromatography with an electron
capture detector (GC/ECD) for the following nitro-PAHs:

2-Nitrofluorene
3-Nitro-9-fluorencne
9-Nitroanthracene
3-Nitrofluoranthene
3-Nitropyrene
2,7-Dinitrofluorene
6-Nitrobenzo(a)pyrene

Filters and the bulk ink sample were prepared for analysis by Soxhlet
extraction with toluene for a period of 48 hours then concentrated for
GC/ECD analysis. The sorbent tubes were desorbed for 30 minutes in
methylene chloride and solvent exchanged into hexane for analysis. The
analytical method development and analysis was done at Arthur D. Little,
Inc. under a NICSH contract,

In addition, the bulk ink sample was analyzed by Gas Chromatography/Mass
Spectrometry for determination of the alkyl derivatives of the following
analytes:

Naphthalene Acenaphthylene
Acenaphthylene Fluorene
Anthracene Phenanthrene
Fluoranthene Pyrene
Benzanthracene Chrysene



Benzo(b and k)flucranthenes 1,2,5,6-Dibenzanthracene
Benzo(ghi)perylene

This portion of the analysis was performed by Southern Research Institute.

The two bulk samples from the break pads were analyzed for asbestos by
polarized light microscopy. The four samples collected on cellulose ester
membrane filters were analyzed according to NIOSH method 7400 Set B
utilizing phase contrast microscopy (33). The limit of detection has been
determined to be 0.03 fibers per field or 1500 fibers per filter for a 25-mm
diameter filter.

Applicable Standards and Recommended Limits

At present, the only standard and recommended exposure limit for PAHs is the
coal tar pitch volatiles standards and recommendations. The Occupational
Safety and Health Administration (OSHA) defines coal tar pitch volatiles as
fused polycyclic hydrocarbons which volatilize from the distillation
residues of coal, petroleum, wood, and other organic matter. NIOSH defines
coal tar pitch volatiles as the destructive distillates of bituminous coal.
The OSHA standards and recommended levels from NIOSH and the American
Conference of Governmental Industrial Hygienist (ACGIH) on exposure limits
for compounds contained in inks and other exposures present in the newsprint
pressroom are listed below.



Potential OSHA NIOSH Recommended ACGIH

Hazard Standard (34) __Exposure Limit (35) TLV (36)
Coal Tar Pitch 0.2 mg/m> 8-hr 0.1 mg/m> 10-hr TWA 0.2 mg/m3 as
Volatiles TWA benzene- cyclohexane~ benzene-
soluble fraction extractable fraction soluble-human
carcinogen
Chrysene None To be controlled as an Suspect
occupational carcinogen carcinogen
Carbon Black 3.5 mg/m3 3.5 mg/m3 TWA, 0.1 mg/m3 3.5 mg/m3
8-hr TWA TWA in presence of PAHs TWA
0il Mist, 5 mg/m3 None 5 mg/m> TWA
Mineral 8-hr TWA 10 mg/m3
STEL
Asbhestos 2 million fibers/ 100,000 fibers/m3 over Amosite=500,000
m3 over 5 um in 5 um in length 8-hr fibers/m3;
length 8-hr TWA TWA in a 400 liter air Chrysotile=2 million
10 million fiber sample fibers/m3;
/m3 ceiling Crocidolite=

200,000 fibers/m3

Isopropyl 980 mg/m> 984 mg/m> 10-hr TWA, 980 mg/m3,
Aleohol 8-hr TWA 1,368 mg/m3 ceiling 1,225 mg/m3
STEL STEL
Noise 90 dBA 85 dBA TWA, 85 dBA 8-hr
8-hr TWA, 115 dBA ceiling TWA
85 dBA 8-hr

TWA Action Level

STEL = Short Term Exposure Limit, a 15 minute TWA exposure which should not be exceeded
at any time during a work day.

Results

The samples analyzed by HPLC for PAHs, and the samples analyzed by GC/ECD
for Nitro-PAHs were all below the analytical limit of detection. The limit
of detection varied for each compound tested.

The analysis of the bulk ink samples by GC/MS detected methylated and
nonmethylated PAHs. Table 2 summarizes the arithmetic mean levels
detected. The detection limit was estimated to be 1 ng/uL of ink. No
methlylated nor nonmethylated PAHs were detected in the air samples, at a
detection limit of 0.83 microgram of total PAHs per cubic meter of air.
Unfortunately, the contracting laboratory failed to analyze the samples for
Benzo(a)pyrene as requested.
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The six sound level measurements recorded at normal press operating speed of
17,000 iph ranged from 90 4BA to 100 ABA. Most of the noise was generated
by the paper folder at the end of the press. Four employees were working
adjacent to the folder to observe the press and to collect and stack the
papers as they were folded and moved by conveyor belt. Three measurements
in this area were each 100 dBA. When the speed of the press was increaged
to 22,000 iph the sound levels in the vicinity of the folder ranged from 103
to 106 dBA. Two of the four press workers wore ear muff hearing
protection. The other two employees were provided the same protective
equipment by the company, but they failed to wear their equipment. A
measurement in the press, on a walk way, between the rollers was 108 dBA,
Occasionally an employee would step into this area to wipe up excess ink
from the equipment. Once the papers are removed from the conveyor belt and
stacked, they are then carried to an adjacent room for bundling and
shipping. Five women perform the task of organizing the papers for
shipping. In this room the work station closes to the press the sound level
was 90 dBA during normal press speed and 94 dBA during maximum press speed.
The women in this room did not have hearing protection.

All the samples collected for asbestos fibers were non-detectable.
Conclusion

Based on observations in the press room and the results of the air sampling,
there appears to be no ink mist being generated from the press. The ink
that was present on the floor, wall, and equipment originated from the drums
of ink and is not due to misting. The air sampling filters were a dark gray
in color after sampling but this may be due to paper dust and possibly
tobacco smoke. Three of the four employees in the pressroom were smoking at
the time of the survey. No PAHs were detected in any of the air samples.
The offset black ink that is used does contain low levels of PAHs and
alkylated-PAHs, but since the ink does not become airborne there is no
apparent health hazard from inhalation of ink mists. We have also concluded
from conversations with the company and reports in the literature that the
small newspaper companies, which the Clermont Sun is a typical example,
operate offset presses that do not generate ink mist. Ink misting is mainly
a problem encountered in the large major newspaper companies.

Four PAHs, detected in the ink, benzo(b and k)fluoranthenes, benzanthracene,
and methyl chrysene have sufficient evidence for carcinogenicity in
experimental animals (22,24). Another compound in the ink, chrysene, has
limited evidence for carcinogenicity in experimental animals and activity in
short term tests (24). Dimethylbenzanthracene, which has been reported to
induce melanomas in laboratory animals, may also be present in the ink. The
analytical method detected an average of 7.1 nanogram/microliter of ink for
dimethylated benzanthracene and dimethylated chrysene. In other words, the
analytical method could not distinguish between the dimethylated forms of
benzanthracene and chrysene. The quantity found (7.1 nanogram/microliter)
is either entirely dimethylated benzanthracene or dimethylated chrysene or a
combination of both. A summary of the carcinogenicity data for the
compounds analyzed in this survey have been evaluated by the International



Agency for Research on Cancer, World Health Organization (31). This
information is listed in Table 1.

When PAHS are in contact with the skin they have the property of penetrating
dermal tissue and being absorbed into the body. Although the PAH levels in
the ink are relatively low compared to products such as used motor oils or
coal tar pitch, the risk to workers who have a daily skin contact with black
inks is unknown, and therefore it would be prudent to avoid dermal exposure
to the ink.

The sound level meter used in this survey records sound intensity at a given
moment. During this survey measurements were made for approximately 30
seconds at each location. 1In order to obtain personal noise measurements
with a sound level meter, each employee would have to be followed through
out the work day and sound intensity recorded. This was not possible
because the pressmen had to move about the work area to complete their job
duties. A more accurate noise measurement device for mobile workers is a
personal noise dosimeter which stores sound level measurements and
integrates these measurements over time, providing an average noise exposure
reading, such as an 8-hour time-weighted average. The dosimeter is attached
to the employees clothes and the exposure measurement is read at the end of
the work day.

If the employees were to remain in the vicinity of the folder-press during
printing, which is not unlikely, then they would receive the following noise
exposure.

51 minutes at 100 dBA
10 minutes at 105 dBA
7 hours at less than 80 dBA

Using Table G-16a from the OSHA regulation on Permissible Noise Exposures,
46 Federal Register 4161 January 16, 1981 (Attachment 1), the noise dose can
be computed with the formula:

Dose = 100 ( C1/T1 + C2/T2 +...Cn/Tn )

C = Total time of exposure at a specific noise level (in decibels)
T = Reference duration for that level as given by Table G-1l6a
Dose = ( 0.85 hours/2 hours + 0.167 hours/l hour + 7 hours/ )

Dose = 59.2%

The B-hour time-weighted average (TWA) sound level in decibels is then
computed by the formula:

TWA = 16.61 log(Dose/l100) + 90

TWA = 86 4BA



This value indicates that the pressmen’s noise exposure may be exceeding the
OSHA Action Level for noise exposure which is 85 dBA as an B8-hour TWA. The
details of the OSHA regulation can be found in Attachment 1. Likewise, the
pressmen's noise exposure may also be approaching the NIOSH recommended
noise standard of 85 dBA as a 10-hour TWA.

Recommendations

When cleaning equipment with solvents and during platemaking, the employees
should always wear gloves to protect against chemicals that can enter the
body through the skin. Wearing gloves during platemaking is especially
important because the process uses the caustic chemicals sulfuric acid and
potassium hydroxide. Solvents remove body oils allowing many toxic
chemicals to easily penetrate the skin. Employees should also wear a face
shield or splash goggles when using solvents or platemaking chemicals.

Another good practice is to provide adequate ventilation during the use of
cleaning solvents.

Since the noise levels in the pressroom were above 85 dBA during printing
the following procedures are recommended to control employee noise exposures
(see Attachment 1).

1. Establish a comprehensive noise monitoring program. Periodic monitoring
of personal exposures can best be accomplished by providing employees
with noise dosimeters to be worn during the work day.

2. Establish a hearing conservation program with audiometric testing to
determine if employees are experiencing a hearing loss.

3. Reduce noise exposures by administrative and engineering controls.
Administrative controls may include restricting the amount of time that
employees can be in the vicinity of the noise source (folder).
Engineering controls may include reducing the speed of the press which
lowers the sound levels, installing noise absorption materials on the
walls, floor, and ceiling, and enclosing the folder or erecting a
barrier wall. A barrier wall or door between the press and the shipping
room would greatly reduce the noise levels in that area.

4. If the administrative and engineering controls are not sufficient in
reducing sound levels within the levels of Table G-16a, then personal
protective equipment should be provided to the effected employees.

5. Employees should also be educated on the need for hearing conservation
and on the use and care of personal hearing protection. Typical hearing
protection equipment are ear plugs and ear muffs. Since the comfort of
the equipment is important factor on how often the equipment is worn,
the employees should be allowed to chose the equipment that best suits
them.
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Table 1

Evaluation of PAHs by the Internation Agency for Research on Cancer, WHO
IARC Monographs velumes 32 and 33 (31)

Fluorene Data inadequate to permit an
evaluation of carcinogenicity in
experimental animals. Inadequated
evidence for activity in short-term
tests. IARC 32:365

Phenanthrene Data inadequate to permit an
evaluation for carcinogenicity in
experimental animals. Limited
evidence that it is active in
short-term tests. IARC 32:419

Anthracene No evidence for carcinogenicity in
experimental animals or activity in
short term tests. IRAC 32:105

Fluoranthene No evidence for carcinogenicity in
experimental animals. Limited
evidence that it is active in short
term tests. IRAC 32:355

Pyrene No evidence for carcinogenicity in
experimental animals. Limited
evidence that it is active in short
term tests. TARC 32:431

Benz(a)anthracene Sufficient evidence for
carcinogenicity in experimental
animals. TIARC 32:135

Chrysene Limited evidence for carcinogenicity
in experimental animals and activity
in short term tests. TIARC 32:247

Benzo(b)fluoranthene Sufficient evidence for
carcinogenicity in experimental
animals. TIARC 32:147

Benzo(k)fluoranthene Sufficient evidence for
carcinogenicity in experimental
animals. TIARC 32:163

Benzo(a)pyrene Sufficient evidence for

carcinogenicity in experimental
animals. IARC 32:211
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Table 1 (continued)

Evaluation of PAHs by the Internation Agency for Research on Cancer, WHO
TARC Monographs volumes 32 and 33 (31)

9-Nitroanthracene

3-Nitrofluoranthene

3-Nitropyrene

Methyl phenanthrene

Methyl chrysene

Inadequate evidence for activity in
short-term tests. TARC 33:179

Data inadequate to permit an
evaluation of carcinogenicity in
experimental animals. Limited
evidence of activity in short-term
tests. TIARC 33:201

Limited evidence for carcinogenicity
in experimental animals. Sufficient
evidence of activity in short-term
tests. TRAC 33:209

Data inadequate to permit an
evaluation of carcinogenicity in
experimental animals., Sufficient
evidence of activity in short-tern
tests. TITARC 32:405

Sufficient evidence for
carcinogenicity in experimental
animals. TARC 32:379
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Table 2

PAHs and Alkylated-PAHs in Ink Sample No. BSWO, ng/ul of ink

PAH Non-methylated Mono-methyl Di-methyl Tri-methyl
Naphthalene 1.2 1.1 4.8 7.6
Acenaphthylene ND 1.0a 2.7 6.5c
Acenaphthylene 1.0 1.8 4.7 4.5
Fluorene 1.0a 2.8b 6.6¢c 10.0
Anthracene/

Phenanthrene 8.7 20.0 30.5 28.0
Fluoranthene/

Pyrene 4.9 10.0 15.3 19.0
Benz(a)anthracene/

Chrysene 3.7 5.1 7.1 5.6
Benzo(b and k)~

fluoranthenes 1.6 1.5 1.2 ND
1,2,5,6~

Dibenzanthracene ND ND ND ND
Benzo(ghi)perylene ND ND ND ND

ND = not detected; less than 1 ng/uL

a The retention times and quantitation ion for mono-methylated acenaphthylenes
and nonmethylated fluorene are the same. The results given are based on the
assumption that the quantity found is entirely mono-methylated
acenaphthylene or entirely nonmethylated fluorene.

b The retention times and quantitation ion for di-methylated acenaphthylenes
and mono-methylated fluorenes are the same. The results given are based on
the assumption that the quantity found is entirely di-methylated
acenaphthylenes or entirely mono-methylated fluorenes.

¢ The retention times and quantitation ion for tri-methylated acenaphthylenes
and di-methylated fluorenes are the same. The results given are based on
the assumption that the quantity found is entirely tri-methylated
acenaphthylenes or entirely di-methylated fluorenes.
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Attachment 1.

Occupational Safety and Health Administration
Safety and Health Standards 29 Code of Federal Register

1910.95

§1910.95 Oceupational nalse svnosure.

{a) Protection agninst the effects of ~
noise exposure shall be provided when
the sound levels exceed those shown In
Table G-18 wher messured on the A
scale of a standard sound level meter at
slow response. When noise levels are de-
termined by octave band analysis, the
equivalent A-weighted sound level
be determined as follows: - e

140 Pigurs G- |
g Auo" : l AN usg
r LN YN\ :
FANNNNGYL
&g - _\ \ \C/ e
g2,] NSNS
Qa 1 | 108 &
g:w& \\\\\‘\\-7 loc;'
; ’ -+ \ " ;
§ wT \'\\\ ’/w g

100 200 500 1000 2000 4000 8000

" SAND CENTER FREQUENCY IN CYCLES PER SECOND
Equivalent sound lsvel contours. Octave
band sound pressure levels may be con- .
vertad to the equivalent A-weightsd scund
level by plotting them on this graph and
noting the A-welghted sound level oorre-
sponding to the point of highest penetration
into the sound level tontours. This equiva-
lent A-weighted sound level, which may
differ from the actual A-weighted sound
fevel of the noise, iz used to determine
sxposure limits from Table O-16..
{Sec. 1610.95 amended at 39 FR 19468, June
3, 19741 ‘ :

‘(h) {1) When employees are subjected
to sound exceeding those Iisted in Table

(Sec 1910950)1)] 86

Reproduced from
- 17 - best available copy
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G-18, feasible administrative or engl-
neering controls shall be utilized. If such
eontrols £ail to reduce sound levels within
the levels of Table (-18, personal pro-
tective equipment shall be provided and
used to reduce sound levels within the
levels of the table.

(2} If the varigtions in nolse level in-
volve maxims at intervals of 1 second
or less, it Is to be considered continuous.

(3) (Deleted)

[Section 1910.95(b)(3) deleted by 48 FR 4161,
January 18, 1881)
Tasrx G-18—Prumsrizs Nomz Exrosunrs?

Sound level
48B4 slow
Duration per day, hours n:ponn”
P )
L ] [ .
4 %
3 4
W i
3 - 106
% 110
Lorless. e 118

1When the dally nocise exposure is oom-
posed of two or more perjods of nolse ex-
pasurs of different levels, thelr combired
effect should be considered, rather than the
fndividual effect of esch. If the sum of the
following fractions: C,/T\+Cy/Ti4 :+.Co/T,
exceeds unity, then, the mixed axposurs
should be gonsidered to exceed the limit
value. On indicates the total time of ex-
posure at & specified noise level, and Tn
indicates the total time of exposure permit-
ted at that level, -

Exposure to Impuilsive or tmpact noise
should not exceed 140 dB Desk sound pres-
sure level.

191095 Tsbie G16 amended st 39 FR

9468, June 3, 1974}

[Section  1910.95(¢)—(s) _and Agpudk
A—I added by 48 FR 4181, January 18, 1981}

{¢) Hearing conservation progrem. (1)
The employer shall administer a
continuing, effective hearing
conservation program, a8 described in
parrgraphs [c] through {o]) of this
scction, whenever emplovee noise
expizures equal or exceed an 8-hour
time-weighted average sound level
{TWA) of 85 decibeis measured on the A
scale (slow response) of, equivaiently, a
dose of fifty percent. For purposes of the
hearing conservation program. employee
noise erposures thall be computed in
arcordence with Aupendix A and Table
(~16a. and without reeard io any
etlennation provided by the use of
perscns! protective eguipmernt

12} For purposes of paragraphs {c)
thraugh (u) of tisis section. an 8-hour
time-weighted average of 45 decibels or
a dose of fifty percent shall a!so be
refareed to «s the action level.

308

(2} 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
stralegy shall be designed to identify
employees for inclusion in the he
conservation program and 1o snable the
proper selection of hearing protectors.

{ii) Where circumatances such as high
worker mobility, significant variations in
sound level, or 8 significant component
of impulse noise make area monitoring
generally inappropriate, the employer
shall use representative personal
sampling to comply with the monitoring
requirements of this paragraph uniess
the employer can show that area
sampling produces equivalent results.

{2}{1} All continuous, intermittent and
impulsive sound levels from 80 decibels
to 130 decibels shall be integrated into
the noise measurements.

{ii} Instruments used to measure
employee noise exposure shall be
calibrated toc ensure measurement
accuracy.

{3) Monitoring shall be repeatad
whenever a change in production,
process, equipment or controls increases
noise exposures to the extent that:

(i) Additional’'employees may be
exposed at or above the action level; or

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

{e} Employee notification. The
employer shall notify each employee
exposed at or above an 8-hour time-
weighted average of 85 decibels of the
results of the monitoring.

(f} Observation of monitoring. The
employer shall provide affected
employees or their representatives with
an opportunity to ohserve any noise
measurements conducted pursuant 1o
this section.

(8} Avdicmetric testing program. (1}
The employer shall establish and
maintain an sudiometric testing propram
as provided in this parsgraph by making
sudiometric testing available to sl
employees whose exposures squal or
exceed an 8-hour time-weighted sverage
of 85 decibels.

{2] The program shall be provided at
no cost to employees.

- 18 -
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(3) Audiometric tests shall be
performed by a licensed or certified
audiologist, otolaryngologist, or other
physician, or by a technician who is
certified by the Council of Accreditation
in Occupational Hearing Conservation,
or who has satisfactorily demonstrated
competence in administering
Vel andiograme.snd propetsy uain
valid andiograms, properly using,
maintaining and checking calibration
and proper functioning of the
sudiometers being used. A technician
who operstes microprocessor
sudiometers does not need to be
certified A technician who performs
sudiometric tests must be responsible to
an audiologist, otolaryngologist or
physician.

{4} All audiograms obtained pursuant
to this section shall meet the
requirements of Appendix C:
Audiometric Measuring Instruments.

(5) Baseline audiogram. (i) Within 8
months of an employee's first exposure
at or above the action level, the
employer shall establish a valid baseline
audiogram against which subsequent
ams can be compared.

_ {li) Mobile test van exception. Where
mobile test vans are used to meet the
audiometric testing obligation, the
empioyer shall obtain & valid baseline
audiogram within 1 year of an
employee's first sure at or above
the action level. Where baseline
sudiograms 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 perfod exceeding six
months after first exposure until the
baseline audiogram is obtained.

{iii) Testing to establish a baseline
sudiogram 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 workplace
noise. '

{iv} The employer ghall notify
employees of the need to avoid high
levels of non-occupational noise
exposure during the 14-hour period
immediately preceding the audiometric
e>amination.

(6) Annval cudiogram. At least
snnually after obtaining the baseline
sudingram. the employer shall obtain a

{Sec. 1910.95(g){S)]
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new avdiogram for each employee
exposad af or above an 8-honr time-
weizhted average of 85 decibels.

{7) Evaluation of audiogrom. (i} Each
employee’s annual audiogram shall be
compared to that employce’s baseline
audiogram to determine if the audiogram
is valid and if a standard threshold shift
as defined in paragraph {g)(10] of this
section has occurred. This comparison
may be done by a technician.

{ii} If the annual sudiogram shows
that an emgployee has suffereda -
standard threshold shift, the employer
may obtain a retest within 30 days and
consider the results of the retest as the
annual audi

{iii) The andiologist, otolaryngologist,
or physician shall review problem
sudiograms and shall determine -
whether there is a need for further
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 (c] through (n) of this
section;

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

{C) Measurements of background
sound presure levels in the audiometric
test room as required in Appendix D:
Audiometric Test Rooms.

{D) Records of audiometer
calibrations required by paragraph {h)(5)
of this section.

{8) Follow-up procedures. (i) If a
comparison of the annual avdiogram to
the beseline a.diogram indicates a
standard threshold shift as defined in-
paragraph [g)(10) of this section has
occurred, 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 azgravated by occupational
noise exposure, the employer shall
ensure that the following steps are laken
when a standard threshold shift accurs:

{A] Employees not using hearing
protectors shall be fitted with hearing
protectors, trained in their use and care,
and required to nse them.

[B) Employees already using hearing
protectors shall be refitted and retained
in the use of hearing protectors and
provided with hearing protectors
offering greater attenuation if necessary.

(C) The emplnyee shall be referred for
a clinical audiological evaluation or an
otolapirs! eXamination, as appropriste,

(2) Avdiometric tests shall be
conducted with sudiometers (including
microprocessor audiometers) that meet

if additional testing is necessary or if the the apecifications of, and are maintained

esplover suspecta that @ medical
patholngy of the car is caused or
agg-ava‘rd hy the wearing of hearing
protectors.

(D) The employee is informed of the
need for an otological examination if a
medical patholngy of the ear that is
unrelaied to the use of hearing
protectors is suspected.

{iii} If subsequent audiometric testing
of an employee whose exposure 1o noise
is less than an 8-hour TWA of 90 '
decibels indicates that a standard
threshold shift is not persistent, the
employer:

(A) Shal inform the employee of the [
new sudiometric interpretation; and

{B) May discontinue the required use
of hearing protectors for that employee.

{9) Revised baseline. An annual -
audiogram may be substituted for the
baseline audiogram when, in the
judgment of the audiologist,
otolaryngologist or pbysician who is
evaluating the audiogram:

(i) The standard threshold shift
revealed by the audiogram is persistent;
or

{ii) The hearing threshold shown in
the annual audiogram indicates
significant improvement over the
baseline audiogram.

(10) Standard threshold shift. (1) As
used in this section, s standard
threshold shift is a change in hearing
threshold 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 standard
threshold shift bas occurred. allowance
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) Audiomelric test requirements. (1)
Audiometric tests shall be pure tore, air
conduvction, hearing threshold
examinations, with test frequencies
including us & minimum 500, 1000, 2000,
3000, 4000, and 6000 Hz. Tests at each
frequency shall be taken separately for
each ear,

+
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and used in accordance with, American
National Standard Specification for
Audiometers, S3.6-1960.

{3) Pulsed-tone and self-recording
sudiometers, if used, shall meet the
requirements 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.

(5) 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
sccordance with Appendix E: Acoustic
Calibration of Audiometers. Test
frequencies below 500 Hz and above
6000 Hz may be omitted from this check.
Deviations 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.;
414342 441,442,443 and 4.5 of
the American National Standard
Specification for Audiometers, 53.6-
1968. Test frequeacies below 500 Hz and
above 6000 Hz may be omitted from this
calibration.

(i} Hearing protectors. {1) Employers
shall make hearing protectors available
to all employees expaosed to an 8-hour
time-weighted average of 85 decibels or
greater at no cost to the employees.
Hearing protectors shall be replaced as
nEecessary.

{2) Employers shall ensure that
hearing protectors are worn;

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

{ii) By any employee who is exposed
to an 8-hcur time-weighted average of 85
decibels or greater, and who:

{A) Has not yet had a haseline
audiogram established pursuant to

paragraph {g){5)(ii): or

(8ec. 1910.95(i)(2)(il)(AN 30
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(B) Has expérienced a standard whenever employee noise exposures and shall also post a copy in the
‘threshold shift. increase to the extent that the hearing workplace.
{3)Employees shall be given the protectors provided may no longer {2) The employer shall provide to
opportunity fo select their l:am"lnglQ provide adequate attenuation. The em- affected employees any informational
rotectors from a variety of suita loyer shall provide more effective hear-  materials pertaining to the standard that
aring protectors provided by the protectors where necessary. . are supplied to the employer by the
anzp}t%er. S shall provid (k{ n'auuni h g program. {1) The Asgistant Secretary.

4} The employer e employer shall institute a training 3) The employer shall provide. upon
training in the use and care of all program for all employees who are regu]ent. all ,,f“!ﬂ.h uln;:?! to mnpo
bearing protectors provided to exposed 10 noise at or above an 8-hour  oyoigver's training and education
employees. time-weighted average of 85 decibels, .. 0ram pertaining to this standard to

{5) The empl shall ensure proper  and shall ensure employee participation  ¢}o Agsistant Secretary and the Director
initial fitting and supervise the correct.  in such program. rdkeepi
use of all hearing protectors. {2) The training program shall be (m) Reco ping—1) Exposure

{j) Hearing protector attenuation. (1)
The employer shall wvaluate hearing
protector attenuation for the specific
noise environments in which the
protector will be used. The employer
shall use one of the evaluation methods
described in Appendix B: Methods for
Estimating the Adequacy of Hearing
Protection Attenuation.

{2) Hearing protectors must attenuate
employee exposure at least to-an 8-hour
time-weighted average of 80 decibels as
required by paragraph (b} of this
section. : 1o ha

(3] For emplo; who have
axperienced a lmard threshold shift,
hearing protectors must attenuate
smployee exposure to an 8-hour time-
wciighted average of 85 decibels or

ow.

{4} The adequacy of hearing protector

attenuation shall be re-evaluated

12-15-83

repeated annually for each employes
Included in the hearing conservation
program. Information provided in the
training program shall be updated to be
consistent with changes in protective
equipment and work processas.

{3) The employer shall ensure that
each employee is informed of the
following:

(i) The effects of noise on hearing:

{ii) The purpose of hearing protectors,
the advantages, disadvantages, and
attenuation of various types, and
instructions on selection, fitting, use,
and care; and

(iii) The purpose of audiometric
testing, and an explanation of the test
procedures.

(1) Access to information and troining
malerials. (1) The employer shall make
available to affected empioyees or their
representatives copies of this standard

- 20 -

measurements. The employer shall
maintain an accurate record of all
smployee exposure measurements
required by paragraph (d) of this
section.

(2) Audiometric teits. (i) The employer
shall retain all employee audiometric
test records obtained pursuant to
paragraph (g) of this section:

(ii} This record shall include:

(A) Name and job classification of the
employes;

(B) Date of the audiogram;

{C) The examiner’s name;

(D} Date of the last acoustic or
exhaustive calibration of the
audiometer; and

{E) Employee's most recent nolse
exposure assessment.

{F} The employer shall maintain
accurate records of the measurements of

[Sec. 1910.95(m)(2)(H)}(F)

Pubhished by THE BUREAL OF NATIONAL AFFAIRS INC. WASHINGTON D C 20037 2
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the background sound pressire levels in
audiometric test rooms, ’

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

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

{ii) Audiometric test records shall be
retained for the duration of the affected
employee’s employment.

(4) Access to records. All records
required by this section shall be
provided upon request to employees,
former employees, representsatives
designated by the individua! employes,
and the Assistant Secretary. The :
provisions of 26 CFR 1910.20 {a}-{e) and
{g}i] apply to access to records under
this section.

(8) Tronsfer of records. If the
employer ceases to do business, the
emplover shall transfer to the successor
employer ail records required to be
maintained by this section, and the
successcr 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
incorporated as part of this section and
the contents of these Appendices are
mandatory.

{2) Appendices F and G to this section
are informational and are not intended
to create any additional obligations not

otherwise imposed or to detract from
any existing obligations,

{o) Exemptions. Paragraphs (c)
through (n) of this section shall not
apply to employers engaged in oil and
gas well drilling and servicing
operations.

(p) Startup date. Baseline_nudiagram:
required by paragraph (g) of this section
shall be completed by March 1, 1884..

[Section 1910.95(¢c) — (p) revised by 48
FR 9776, March 8, 1983)

[Section 1910.95(q) — (s) deleted by 48
FR 9776, March 8, 1983) -

[Editor’s note: The Occupational Safety
and Health Administration June 28, 1983
(48 FR 29687) corrected the amendatory
language which was published at 48 FR
9776, March 8, 1983, to reflect the Agen-
<y's intention to delete paragraphs (q}—
{(s). The correction was done earlier by
editor.)

to the measured sound level, L, as giveh in
Table G-18a or by the formuls 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 s given by:

D=100 {C,/Ti+Cu/Tat ... + C.fT,},

where C, indicates the tota! time of exposure
at a apecific noise level, and T, indicatey the
reference duration for that level a5 given by
Table G-16a.

{2) The eight-hour ime-weighted sverage
sound level (TWA), in decibels, may be
computed from the dose, in percent, by
means of the formula: TWA =18.61 log., (D
100] + 90. For an eight-hour workshift with the
noise level constant over the entire shift. the
TWA is equal 10 the measured sound level

{3) A table relating dose and TWA is given
in Section 1.

TanLE G-16a

Reter-
once -

[Appendices A — T revised by 48 FR
9776, March 8, 1983]

Appendix A: Noise Exposure Computation
This Appendix is Mandatory
1. Computation of Employee Noise
ure .

(1) Noise dose is computed using Table G~
18a as follows:

{i) When the sound level, L, s 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 is the reference duration corresponding

- 21 -
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‘A-weighted sound level, | Oeciben duration,
' T (hourn)

2e
249
21
184

18
139
121
— 08
92

70
(3]

1 3332401 32 3.3 8.8 34

48

{Appendix A) 22
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TasLe G-16a—Continued
onch
A-weighted scund level. L idecibel) duras
T hour}
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In the aBove table the reference
durstion, T, is computed by

Tw—— ——

20-'s T

where L is the measured A-weighted
sound level.

H. Conversion Between "Dose” and "8-
Hour Time-Weighted Average” Sound
Level

Compliance with paragraphs (c}-{r] of
this regulation is determined by the
amour! of exposure to noise in the
workplace. The amount of such
exposure is usuaily measured with an
audiodosimeter which gives a readout in
terms of “dnse.” In order to better
uriderstand the requirements of the
amondment, dosimeter readings can he
converted to an “8-hour lime-weighied
average sound level.” (TWA]). _

In order to convert the reading of &
dosimeter into TWA. see Table A-1,

7-28-83

below. This table applies to dosimeters

that are set by the manufacturer to cal-

culate dose or percent exposure ac-
cording to the relationships in Table

G-18a. 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

ggrcem corresponds to a TWA of 85
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 = 16.61 log,, {D/100) + 90 where

TWA = 8-hour time-weighted average

sound level and D = accumulated-dose

in percent exposure. :

TABLE A-1-~CONVERSION FROM “PERCENT
Nois-: Exposure” or "Dose” 10 "8-HouR
TIME-WEIGHTED AVERAGE SOUND LEVEL™
(TWA)

Dows or percent noied exposwrs
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Tabie A-1.—~Canversion From *Percent Noi2e
Exposurs” or "Dose” jo *8-FHowr Time-
Wesghtad Average Sound Leval” (TWA)=
Continued .

Do or percent noise exposre
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Appendix B: Methods for Estimating the
Adequacy of Hearing Protector
Attenuation

This Appendix is Mandatory

For employees who have experienced
a significant threshold shift, hearing
protector attenuation must be sufficient
to rediice employee exposure to a TWA
of 85 dB. Employers must select one of
the following methods by which to
estimate the adequacy of hearing
protector attenuation.

The most convenient method is the
Noise Reduction Rating (NRR)
developed by the Environmental
Protection Agency {EPA). According to
EPA regulation, the NRR must be shown
on the bearing protector package. The
NRR is then related to an individual
worker’s noise environment in order to
assess the adequacy of the attenuation
of a given hearing protector. This
Appendix describes four methods of
using the NRR to determine whether a
particular hearing protector 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 methods developed by the
Nationa! Institute for Occupational
Safety and Health {NIOSH), which are
described in the “List of Personal
Hearing Protectors and Attenuation
Data,” HEW Publication No. 78-~120,
1875, pages 21-37. These methods are
known as NIOSH methods #1, #2 and
#3. The NRR described below is a
simplification of NIOSH method #2. The
most complex method is NIOSH method
#1, which is probably the most accurate
method since it uses the largest amount
of spectral information from the

- individual 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 attennation.
Employers should be careful to take a
sufficient number of measurements in
order to achieve a representative sample
for each time segment.

Note~The amployer must remember that
calculated attenuation values reflect realistic
walues only to the extent that the protectors
are properly fitted and worn.

When using the NRR to assess hearing
protector adequacy. one of the following
methods 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, I).

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

{il) When using a dosimeter that is not
capable of C-weighted measurements,
the following 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 estimat-
ed A-weighted TWA under the ear
protector.

{iii} When using a sound level meter
set to the A-weighting network:

- 23 -
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(A) Obtain the employee’s A-weight-
TWA.

{B} Subtract 7 dB from the NRR and
subtract 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:

{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 cbtain
the estimated A-weighted TWA under
the ear protector.

{v) When using area monitoring procedures
and a sound level meter set to the A-weighing
network.

(A] Obtain & representative sound level for
the area in question.

(B} Subtract 7 dB from the NRR and
subtract the remainder from the A-weighted
oouvnid‘l;;ol for that ares. onltorizg

en area monito
prf:cldun: n:?: sound level meter set to the
C-weighting netwark:

(A} Cbtain a repressotative sound leval for
the area in question.

{B) Subtract the NRR from the C-weighted
sound level for that aree.

Appendix C: Audiometric Measuring
Instruments

This Appendix is Mandatory

1. In the event that pulsed-tone
audiometers 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 corresponding to all multiples
of 10 dB hearing level within the
intensity range spanned by the
sudiometer. The lines shall be equally
spaced and shall be separated by at
least Kdinch. 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 attenuator shall not be more
than 6 dB/sec except that an {nitial
slewing rate greater than 6 dB/sec is

{Appendix C}
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permitied ai the beginning of each new
test frenuency, but only until the second
subjeci response.

{D) The audiometer shall remain at
each required test frequency for 30
seconds {3 seconids). 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 boundaries
marked on the audiogram by more than
+ 3 ssconds.

{E] It must be possible at each test

cquency to place a horizontat line
segment paraliel to the time axis on the
auuiogram, such that the audiome‘ric
tracing crosses the line segment at least
=ix times at that test frequency. At cach
test frequency the threshold shalf be the
average of the midpoints of the iracing
excursions.

Appendix D: Audiomstric Test Rooms
This Appendix is Mandatory

Rooms used for audiometric testing
shall not have background sound
pressure levels exceeding those in Tohle
D-1 when measured by equipment
conforming at least to the Type 2
requiremnenis of American National
Standard Specification for Sound Level
Meters, 51.4-1971 (R1976), and to the
Class I requirements of American
National Standard Specification for
Octave, Half-Octave, and Third-Octave
Band Filter Sets, $1.11-1971 (R1978).

TasiE D-1.—Maxvum ALOWABLE OCTAVE-
BAND SOUND PRESSURE LEVELS FOR AUDIO-
METRIC TEST ROOMS

Ocwe-band comer

hoguercy (HY) —co.... 500 1000 2000 #000 #0000
Soune pressure ovel

[ O S —— [ -3

® w & 5

Appendix E: Acoustic Calibration of
Audiomemrs
This Appendix is Mondatory

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 »
sound level meter, octave-bund filter set,
and & National Bureau of Standurds 8A
coupler. In making these meusurements,
the sccuracy of the calibrating

equipment shal! be sufficient to

7-28-83

determine that the audiometer is within
the tolerances permitted by American
Standard Specification for Andiometers.
53.8-19€9.

{1) Sovnd 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 hearirz .
threshold level (HTL) dial to 70 dB.

C. Measure the sound pressure level
of the tones that each test frequency
from 500 Hz through 8000 Hz for each
earphone.

D. At each frequency the readout on
the sound level meter should corre-
spond to the levels in Table E-1 or Ta-
ble E-2, as appropriate, for the type of
earphone, in the column entitled
“sound level meter reading.”

{2 Liicecrity Cleck

A. With the earphone in place. set the
frequency to 1000 Hz and the HTL dial
on th= audiomater to 76 dB.

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

C. For each 10-dB decrement on the
audiometer the sound level meter should
indicute a corresponding 10 dB decrease.

D. This measurement may be mude
electrically with a voltmeter connected
to the earphone ferminale.

{3} Tolerances

When any of the measwicd <sund
levels deviate from the levels in Table
E-1 or Table E-2 by =* 3 dB at any test
frequency between 500 and %00C Hz, 4
dB at 4000 Hz. or 5 dB at 6000 Hz. an
exhaustive calibration {s advised, An
exhaustive calibration is required if the
deviations are greater than 15 dB or great-
cr &t any test frequency.

TaBLE €-1.—REFERENCE THRESHOLD LEVELS
fOR TeLEPHONICS— TDH-39 EARPHONES

Asterence
@reshoid Sound
lave! for inval
Fraquency. Hy TOH-38 mater
ghoned, o8
| -
- - s ns
1000 - ? b4
00C ] »n
000 0 L4
4000 s ns
9000, %S [ %1
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TABLE E-2.--REFERENCE THRESHOLD LEVELS
FOR TELEPHONICE—TDH-48 EARPHONES
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Appendix F: Calculstions and 4
Application of Age Corrections to|
Audiograms f
This Appendix Is Non-Mzndatory

In determining whether a standard
threshold shift has ovcurred. allowance
may be made for the contribution of
uging 1o the change in hearing leve) by
adjusting the moust recent audiogram. If
the employer chooses to adjust the
aadiogram, the employer shall follow
the pracedure described below. This
procedure and the age correctior. tables
were ceveluped by ihe National
Institute for Occupational Safety and
Health in the criteria documen! entitled
“Criteria for 8 Recommended Standard
. . . Uccupational Exposure to Noise,”
{{HSM}-11001).

For exch audiometric test frequency;

{i} Determine frors Tables F-1 or F-2
the age correction values for the -
employee by:

{A) Finding the age at which the moat
recen! audiogram was taken and
re¢ording the corresponding values of
age corrections at 1000 Hz through 6000
H2;

{83} Finding the age at which tke
buseline audiogram was taken and
rvaording the corresponding values of
age corrections at 1000 Hz through 6000
Hz.

(i) Subtract the values found in step
(i)(B) from the value found in step (i)(A).
{Appendix F/B (ii) corrected by 48 FR
29687, June 23, 1983]

(iii) The differences calculated in step
{ii; represented that porticn of the
chunge in hearing that may be due to
aging. :

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

(Appandix F)
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TABLE F-1.—AGE CORRECTION VALUES N

TABLE F-2.—AGE CORRECTION VALUES IN

Difterance. ... 1 k] 1 3 3

The difference represents the amount
of hearing lose that may Le attributed to
aging in the time ~eriod 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 hesring level at
4009 Hz, which in the most recent
sudiogram is 25, yielding 22 after
adjustment. Then the hearing threshold
in the bascline audiogram at 4000 Hz {5)
is subtracted from the adjusted annual
audiogram hearirg threshold at 4000 Hz
{22). Taus the ege-corrected threshold
shift would Lie 17 4B {as opposed to @
threshold shift of 20 dB without age
correction).

TABLE F-2. —AGE CORRECTION VALUES IN

DeECIBELS FOR FEMALES
v Audiometric Test Frequencies (Hz)
'l
1000 2000 3000 4000 @000
20 or younger...... 7 4 3 3 | ]
n 7 4 4 | [ ]
-4 7 4 4 4 [ ]
0 T ] 4 4 7
ol 7 [ 4 4 7
25 [ ] 8 ' 4 ?
2. s s ) 4 ]
|1 Z - 8 [ 5 ] [
| . O — [ ] & 5 -] 8
R [ ] 3 -] [ L]
30 ] 8 L] L} ®
n [ ] $ [ [ ] L)
2. ] 8 [ 3 ] 10
-] ] L) L] [] 10
b D ] ] [} [} 0
.. » [ ] 7 7 "
E ] 7 ? ? 11
1 (— 9 T 7 7 12
| S — 1n° 7 ? ? ”
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et o e e DeCiBELS FOR MALES DeciBELS FOR FEMALES—Continued
a;'""'" © 8 5 w s v Auorenc Test Fraqumncies (Hz) Yoo Audomenric Test Frequencies (Hz)
n_ " o2 © 0o $ & e 1000 2000 3000 &0 OO0 1000 2000 3000 4000 €000
. I, o ] ] 0 ]
n.. b ° L] s 20 of youngSn. B ] 4 ] s » 0 7 *
.. — ° 5§ W ™ W g $ 3 a4 5 2 ® w 1 8§ 3 b
N 8 W ®™® W B @ 5 3 4 $ & & —— 1 ¢ 8 § nu
2. . ) w w » 0 b <) ] 3 L) a4 & 42 — 10 [ [ ] | ] 13
’ - 24 [ ] 3 [ 3 [ 9 0 " s [ ] [ "
R Fh - s 5 s 7 W e " S ¢ ¢ W
The audiogram at age 27 is considered o= T i s LA S HE- S -
the baseline siuce it shows the best x. s 4 s s 4 —— M ) S LI
hearing threshold levels. Asterishs have -— s ¢ & 2 u e R oo
Lesn used to identify the basclineand - - - 2. s 4 7 3 1 % 2 1 1 o1 W
Fanpmaieien o= 1 H LBl R
. n" -
of 20 dB exiss & een the 4 T 5 & 1N 15 6 LE SN TR T T "R
audiograms taken at ages 27 and 32. 1 7. 8 & 12 i s T ST Y R ST
¥ ift i | S— 7 . [] 12 17 56 13 " " 18 20
subirucivg he hearig resbold atage  B——— 1 & 4 % §E——— % § % & B
chi s. i 40, 7 I T P " S5 : “ 12 1’ 1 N
lheiboid x age B0 whichle 251 A wo——— } § % % 3 Ee— & & % 5 =
t i i a s 7 u 2w — o N
ettty G 1 1§ 5 AednGMestoim oo
- I U aging to thi a8 s 7 1 ® 2 Non-Mandatory Infornmationul Appendix
change in hearing may be estimated in . s L B ] , X .
. . ; ar. .. ’ ¢ w1 This appendix provides informatiun to
the following maaner: ¥ 0 M B B hein employers comply with the noise
; = ... - ¥ " B N M . iy W .
coxr:g ;":’gu};:(:gg'}gr&e as;t at 0. 9 s w 2 2 monitoring obligations that are part of
oee 27 d age 22, 4000 B 3 & 3 = & ihehearing conservation amendment.
B¢ </ and age Y : |g :: a '” What is l‘il! purpuse of noise
5 ... 1 1 1 monitoring?
Fraquancy (Hn) by ¥ N ®» = 3 Thisrevised amendment requires that
1000 2000 3000 4000 8000 8. 10 9 2 % empluyees be placed in a hearing
8- Wow 2 ¥ ¥ conservationprugram if they are
Age 32 s s ] v 90 or oidler M 1 ®» %N m exposed to average noise fevels of 65 dB
Age 27 s$ 4 ¢ ' of greater during an 8 hour workday. In

order to determine if exposures are st or
above this level, it may be necesszar; to -
measure or monitor the actual noise
levels in the workplace and 1o estimate
the noise exposure or “dose" received
by employees 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 employee
complaints about the loudness of noise,
indications that employees are losing
their hearing, or noisy conditions which
make normal conversation difficult. The
employer should also consider any
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information available regarding noise
emitted from specific machines. In
addition, actual workplace noise
measurements can suggest whether or
not a monitoring prngram shauld be
initiated.

How Is poise measured?

. Basically, there are two different
instruments to measure noise exposures:
the sound level meter and the dosimeter,
A sound level meter is a device that
measures the intensity 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 esiimate noise exposure over
a werkday, If noise levels fluctuate, the
ammount of time neise remains at each of
the various measured Jevels must be
deiermined.

To estimate employee noise exposures
with a sound level meter it is also
generally necessary to take several
measurements at dilferent locations
within the workplace. After appropriate
sound level meter readings are obtained,
pecple sometimes draw “maps” of the
souad levels within dilferent areas of
the workplace. By using a sound level
“map” and information on employee
locations throughout the day, estimates
‘of individual expusure levels can be
developed. This measurement method is
generally referred to as area noise
monitoring.

A dcsimeter is like a sound level
meter exrept thal 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
microphcne s attached to the
employee's clothing and the exposure

meerurement is simply read at the end
of the desired time period. A reader mey
be used to read-out the dosimeter's
mcasurements. Since the doaimeter is
worm: by the employee, it measures noise
levels in those locations in which the
emplcyee travels. A sound level meter
can also be positioned within the
immediate vicinity of the exposed
worker to obtain an individual 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 relatively constant and
employees are not mobile. In
workplaces where employees mave
about in different areas or where the
noise intensity tends to fluctuate over
time, noise exposure is generally more
accurately estimated by the personal
monitoring approach.

In situations where personal
monitoring is appropriate, proper
positioning of the microphone ia
necessary to obtain accurate
measurements. With a dosimeter. the
microphone is generally located on the
shoulder and remairs in that position for
the entire workday. With a sound level
meter, the microphone is stationed near
the employee’s head, and the instrument
is usually held by an individual who
follows the employee as he or she
moves about.

Manufacturer's instructions. contained
in dosimeter and sound level meter
operating manua!ls, should be followed
for calibrati~n and maintenance. To
ensure accurate results, it is considered
good professional practice 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 production processes that

S-188
31:5365

may result in increased 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

. periodicaily (once every year or two} to

ensure that all exposed employees are
included in their hearing conservation
programs.

Where can equipment and technical
advice 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 compan;es 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,” “Industrial Hygiene," or
“Engineers-Acoustical.” 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 &
valid noise monitoring program. Scme
audiological testing firms and industrial
hygicne firms alsc provide noise
monitoring services. Universities with
audiology. industrial hygiene. or
acoustical engineering departments may
also provide information or may be able
to help employers meet their abligations
under this amendment.

Free, on-site assistance may be
obtained from QSHA-supported state
and private consultation organizations.
These safety and health consultative
entities generally give priority to the
needs of small businesses. See the
attached directory for a listing of
organizations to contact for aid.

OSHA ONSITE CoNSULTATION PROJECT DIRECTORY

Othce and address

Contact

Al mm&mm Box 8005, University, AMDOMa 35488, .o e eeee (205] 348-7138, Mr. Witiam Weeme, Director.
Labor, Occupational Safety & Heswh, 3301 Eagis SL. Pouch 7= [907) 278~-3013. . Stan Godeos, Projct Menager LA Mail.

mlﬁﬂﬂm

_mnumbmmol
022, Anchorage, Alasks 90510,

|ﬁ4wmmm

ard Training, Artrone Division of Occupationsl Salety and Health, P.O. Boxt 19070, N02) 285-5786, M. Thomas Ramaley. Menager.
Arkerass Oeparyment of Labor, 1022 High 8¢, Litile Rock, Ak, 72202 ....... (301) 371-2002. Mr. George Smith, Project Dirscior.

O8HA C
mm_mmwo&ummwﬂu 525 Goiden Gate Aversse, Sen Francisco, Call. (415) 557-2870, Mr. Emmeit Jones, Chist.

84102
Coloreds.

[ - Qivigion of Occupet

Souleverd, Conn. 08109,
M_____M‘WWW Division of incuswial Aftairs, 620 North French Sireel, Sth Floor, §302) E71-3908, Mr. Bruno Saivedorl, Direcior.
Wimington, Del

19801,
Disvict of Sokumil o

Deps

Oeorgia Eoonomic
Quan

i Satety & HeaRth Division, District of Columbia, Departmant

mﬁwmmmmmwmnc 20018,
of Labor & Empioyment Security, Burseu of indusiriel Ssfety and Hasth, LaFaywtie m)mumnmwa-
Buiding, Room 204, mamc«umwurmmama

mmammmmm nomute of Runet Ervironmental  (30) 491-8151, Or. Poy M. Buchan, Project Director.
Mnnvmmmnmmmcw
3 Safety & Hesith, Connecticxt Depertiment of Labor, IDF‘{M (203} 5884850, Mr. Leo Allx, Director.

Employmant Servicas, mnnma Lovenzo M. Whila, Acting ASSCOIw

Technology and Development Laborstory, Eﬂdnorhg&poﬂ- m,mwmcmw-;m

Developmant Division,
mont Station, Gaorgia nstute of Technology, Atienia, Ga. 30332 Mansger.
Deperiment of Labor, Gavernment of Guem, 23548 Guam Main Facilty, Agena, Guam 30821..... mum-m1 Jos A. Sen Agustin, Direcior.
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OSHA OnSITE dmmnmu PROUECT DinecTORY—Continued

e : Offics and adivess Contact

M____mwmmmmudwmnmuummu 808) 548-2511, Mr. Don Alpar, Menager (Alr Mall.
Waho. O6HA Drwite Consuitation Program, Boise State Universlly, Communily snd Environmental Health,  (208) 285-3028, Dr. Ekion Edmuncison, Direck.

1810 Univarsity Drive, Bolss, ideho 83728
“_—_Mdmmmumnmmﬂolw mm-auwmonmmaml.mamuv

10 Fioor, Chicego, iL 60801, Stan Cowinekd, Assistant

lovs. b of Laber, 307 E. Sovenths Sirest, Des Moines, iows 80319 p16)a1mum¢mm
indi & of Sefely, Educetion end Training, indieng. Division of Labor, 3019 Sisie Otics Bulding. (317) $35-5045, M. Haroid Mile, Dirscaor.

nclenapolis, INBana 48204, - :
Koo Karwas Dept. of Humen Resouroes. 401 Topsks Awe., Topeka, Kans. 8003, (913) 296-4008, bir. Jarry ADbOY, Sacrelury.
L Y Educets nmmwnmmmum.m (502) 5048003, M. Liwry Potier, Divecics.

Buliding, 127 South, Frankiorl, Ky. 40801
Louisians No services available ss yot (Pending FY l:n.
m____mummmmum,wwa.mmm‘ {E07) 200-3331, M. Laster Waod, Direclor. }
Morytard, Consuftetion Services, Division of Labor & Indusiry, 501 Bt Puus Pisce, Belimore, Maryland 21202.. (301) 658-4210, Ms. lisens O'Brien, Project Manager, TiX(1)
Mpsonchumelis wummmwuwwmmm nunmmwwwmm

Bwet, Bosion, Mascachussts 02202,
MCHIQEN (OO} . SDecial Programs Section, Division of Ocoupstionsl Health, Michighn Dapt. of Pubiic Health, 3500 {517} 373-1410, My. kving Durvig, Chisl.

N Logan, Leneing, Mich. 48600.

MChQan (Seiety).. . Sedely Ecucation & Training Division Burseu of Ssiely and Reguistion, Michigan Dupariment of 517} 322-1800, Mr. Alan MHervie, Chiet.

Labor. 7150 Herris Drive, Box 30015, Laneing. Michigen 40908,
W Tﬁ\smwmmuwnm S Floor, 444 Latayetis Road, 5L 1512 296-2973, Mr. Timothy Tiermey, Project Maneger.
wmmuqumwmmumrnhim 1901) 0426315, M. Horvy L Lain, Drector.

JACKSON, Mibsisappi 36208,
M____mmmumnwwmm“mw. |Muz-m.pu)m4m.mhhmuh
Mmhwd&mlﬂdnhmdmmnﬂmmm mmn Ed Gatremaisr, Chisf.

mmmm¢w Sinte Houss Station, Siate Cepitol, P.O. Box 84000, Lincoln, 475-8451 Ext 250, Wr. Joseph Canolt, Commiasionsr.

m——WGMMNMu“mIKE“ mus-szwumvmuu-

Svaat Garson Cry. Nev. 09714,
MNow ¢ i Fox ind Oftice of Corsultation Prograsns, Room N3472 200 Constie-
SO0 Avenss, KW, Washingen, DC. 20210, Phons: (203

How Y . Now Sty Dépariment Of Labor and indusry Dwision of Work Place Standards. CN-0B4, m)m-ai;nsmmsummu

Trarvon, Sies Jerspy QBA2S.
How Mo OSHA G L—mmusmmwmwa—“: mm@uuul—nmw

meuw-'ywmmvmmmdm 2 wor Trage Comter, Room (212} 488-T74877, Mr. Joseph ABeve. Sroject Menager,
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Appendix H: Availahility of Refersnced  monitoring and audiometric testing. obtain a copy of the referenced
Documents m?iteﬁa h:;e hmged tg r:th publications for their own information,

Paragraphs {c) through (o) of 20 CFR andatory when so indicate e The designation of the paragraph of
mlo.nsg:nfi thi ! () lppllcable'g::gr aphs of Section 1810.85  the gtandard in which the referenced

accompanying -
appendices contain provisions which
incorporate publications by refersnce.

and appen
It should be noted that OSHA does
not require that employers purchase a

publications appear, the titles of the
publications, and the availability of the

Generally, the publications provide copy of the referenced publications. publications are as follows:
criteria for instruments to be used in B.',’,flo,m bowever, ,,ﬁ,, d“n..o '::
Paragragh desigration Asloranoed publioation Available ferve.
s ST R T ™
120, 1975 NTIS-PE07401.
APOONIR D, e for Sound Lovel Meers.” Americah Nationel Sianciarce tretihie, inc., 1430

F 191086002, sppendu € — 19.:::&: ot AuSometen.” £3.8-

B1.4-4571 Mi97TH.

Appends .

o TIwO-Ocve Bend Fller Bats.”
$1.11=3971 RIS}

for Octave, Helt-Octave  Back Numbers Department, Dept. $TD, Americen

The referenced publications (ora
microfiche of the publications) are
available for review at many
universities and public libraries
throughout the couniry. These
publications may also be examined at
the OSHA Technica) Deta Center, Room
N2439, United States Departrent of
Lsabor, 200 Constitution Avenue, NW.,
Washingtun, D.C. 20210, (262) 523~8700
or at any OSHA Regional Offire {see
teiephone directories under United
States Government—Labor
Departnient).

Appendix L: Definitions
These de.mitions apply to the

following terms as wsed iz paragraphs

{c) through {n) of 26 CFR 1910.93.

Action level—An g-hour time-weighted
averags of 85 decibels measvred on the A-
8iale, slow response..or equivalently, a
dose of fuliy percent.

Auvdiogram—A chast, graph, of table resulting
from an audiometric test showing an
individual’s hearing threshold levels as a
function of frequency.

3-31-83

Audiologist—A professional, specializing in
the srudy 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 sudiogram agsinst
which fature audicgrams are compared.

Criterion sound level—A sound level of 90
decibels.

Dl:cibnil {dB}—Unit of measurement of sound

evel.

Hertz {Tiz2)—Unit of measurement of
frequency. numerically equal to cycles per
second.

Medical pathology—A disorder or disease.
For purposes of this regulation, a condition
or d:ssase aflecting the ear, which should
be t1eated by a physician specialist.

Noise dose—Ths ratio, expresced as a
percentagn, of (1) the time {niegral, over a
stated ticir or event, of the 0.6 powar of the
measured SLOW exponential time-
nveraged, squared A-weighted sound
pressure and (2) the product of the criterion
duration (8 hours} and the 0.6 power of the
squared sound pressure corresponding to
the criterion sound level {80 dB),

Noise dosimeter—An instrument that
integrates a function of sound pressure

- 28 -

over a period of time in such « manner that
it directly indicates a naise dose.

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

Representative exposure—Measurements of
an employee’s noise dose or 8-hour time-
weighied average sound level that the
employers deem to be representative of the
exposures of other employees in the
workplace.

Sound level—Ten times the common
logarithm 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 response, in accordance with ANS!
51.4-1971 (R1978), 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 sgame
noise dose as is measured, :
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