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The basic text of this document c¢ontains the draft technical standard
approved by the Joint Review Committee of +the NIOSH/0SHAR Standards
Completion Program and the supporting documentation for the substance
SILICA, CRYSTALLINE.

The SCP draft technical standards are recommendations to the Department of
Labor for its consideration in rulemaking and have no legal status until
final <rules have been promulgated by that agency. This draft standard is
provided for your information only.

The References and Sources, Respirator Table Documentation and Use/Exposure
and Control Documentation are the working documents used by the various SCP
working groups during the development of the draft technical standard and
serve as the technical foundation for the standard. The c¢lassification for
each substance and the regulatory statements were derived following a
decision logic established for the various sections of the standard.
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(a) Definitions. 1) LE) "Permissible exposure”™ means exposure of
employees to airborne concentrations of c¢rvstalline silica not in excess of
10 milligrams per cubic meter (mgs/M3) of respirable dust divided by two (2)
plus the percent crystalline silica averaged over an eight-hour work shift
(time weighted averaged).

(ii) "Permissible exposure”™ means exposure +to airborne total dust
concentrations of crystalline silica not in excess of 30 mgs/M3 divided by
the percent crystalline silica plus two (2), averaged over an eight-hour
work shift; or

(iii) "Permissible exposure™ means exposure of employees to respirable
forms of crystalline silica not in excess of 250 million particles perx
cubic¢ foot (mppcf), divided by the percent crystalline silica plus five
(5. (250 mppecfrs% Si02 + 5) as stated in $ 1910.1000, Table Z-3.

(2) "ARetion level™ means one-half of the perxmissible exposure for
crystalline silica averaged over an eight-hour work shift.

(3) Crystalline silica means quartz, cristobalite and tridymite mineral
calcined diatomaceous earth and other minerals oxr mineral mixtures
containing silicon dioxide in a crystalline form.

(4) Respirable dust means that fraction of the +total dust having
aerodynamic properties as defined by the ACGIH respirahle dust curve as
contained in the footnote of Table Z-3 in 1910.1000.

(b) Initial determination and exposure measurement. (1) Each employer who
has a place of employment in which crystalline silica is released into the
workplace air shall determine if there is any possibility that any employee
may be exposed to airborne concentrations of crystalline silica above the
permissible level. The initial detexmination shall be made each time there
is a change in production, process, or control measures which may zresult in
an increase in airborne concentrations of crystalline silica.

(2) A written record of the initial detexrmination shall be made and shall
contain at least the following information:

(i) Any information, observations, oxr calculations which may indicate
emplovee exposure to crystalline silica;

(ii) Any measurements of crystalline silica taken;

(iii) Any employee <c¢complaints of symptoms which may be attributable to
exposure to crystalline silica; and

(iv) Date of initial determination, work being performed at the time,
location within work site, and employees considered.

(3) If the employer determines +that any employee may be exposed to
crystalline silica above the permissible exposure, the exposure of the
employee 1in each work operation who is believed to have the greatest
exposure shall be measuxed. The exposure measurement shall be
representative of the maximum eight-hour time weighted average exposure of
the employee.

(4) TI£f the exposure measurement taken pursuant to paragraph (b) (3) of
this section reveals employee exuposure to c¢cryvstalline silica above the
action level, the employer shall:

(i) TIdentify all employees who may be exposed above the permissible
level; and

(ii) HMeasure the exposure of the employees so identified.

(5) If an employee exposure measurement reveals that an employee is
exposed to crystalline silica above the action level, but not above the
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posure,

t

least every three months.

(6) If an

employee

he exnposure of that employee shall be measured at

exposure measurement reveals that an emplovee is

exposed to crystalline silica above the permissible exposure, the emplover

shall:

(i) Measure the exposure monthly of the employee so exposed; and

€149 Institute

section; and

(iii) Individually
who is found to bhe exposed to crystalline silica above the permissible
emplovee
exposure measurements and of the c¢orrective action being taken to zxeduce
the exposure to below the permissible exposure.

(7) If two consecutive emplovee exposure measurements taken at least one
week apart reveal that the employee is exposed to crystalline silica bhelow

exposure. T

the action level,

he

no

control measures as <zrequired by paragraph (d) of this

tify, in writing, within five days, every emplovee

shall also be notified of the results of the

the employer may terminate measurement for the emplovee.

(8) For purposes of this paragraph, employee exposure is that which would
occur if the employee were not using a respirator.

(¢) Methods of

measurement. (1) An employee's exposure shall be obtained

by any combination of long term or short term samples which represents the

employee's actual

exposure averaged over an eight-hour work shift (See

Appendix B (IV) of this section).
(2) The method of

level of 95 percent,

measurement shall have an accuracy, to a confidence

of not less than that given in Table 1.

Table 1
Concentration Required Accuracy
Above permissible exposure + 25%
At or below permissible exposure
and above the action level + 35%
At or below the action level + 50%

(d) Compliance. 1)
above the permissible exposure as defined in paragraph (a)(1) of this

section.

Ho employee shall be exposed to crystalline silica

(2) Employee exposures to airborne concentrations of crystalline silica
shall be contrelled to at or below the permissible exposure by engineering
and work practice controls.

(i) Engineering and worK practice controls shall be instituted to reduce
—egyposures to at or below the permissible exposure, except to the extent
that such controls are not feasible.

£149 Wherever engineering and work practice controls are not sufficient
to reduce exposures to at or below the permissible exposure, they shall

nonetheless

be

used

to

reduce exposure to the lowest level feasible and
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shall he supplemented by respirators in accordance with paragraph (d)(4) of
this section.

(3) Engineering contzxols. Hhen local exhaust is used to control
euposure, measurements which demonstrate system effectiveness, for example,
air velocity orxr static pressure, shall be made at least every three months.
lMeasurements of system effectiveness shall also be made within five days of

any c¢hange in production, ©process, or control which might zresult in an
increase in airborne concentrations of c¢rystalline silica.
4) Compliance with the permissible exposure shall not be achieved by

the use of respirators except:
16 1) During the time period necessary to install or implement engineering
or work practice controls; ox

(ii) In work situations in which engineering and work practice controls
are not feasible; orx
(iii) To supplement engineering and work practice controls when such

controls fail to reduce airborne concentrations of crystalline silica to at
or below the permissible exposure; ocr

(iv) For operations which require entry into tanks or closed vessels; or

(v) In emergencies.

£5) Where <respirators are needed and permitted under this paragraph to
reduce employee exposure, the emplover shall select and provide the
appropriate respirator from Table 2 and shall ensure that the employee uses
the respirator provided.

TABLE 2 RESPIRATORY PROTECTION FOR CRYSTALLINE SILICA (QUARTZ)

Particulate Concentration

5 x*¥ or less Any dust respirator.

10 ®x¥ oxr less Any dust respirator, exncept single-use or
guarter—-masKk respirator.
Any fume respirator or high efficiency particulate filterx
respirator.

Any supplied-air respirator.

Any self-contained breathing apparatus.
50 ¥ or less A high efficiency particulate filter respirator with
a full facepiece.
Any supplied-air respirator with a full facepiece, helmet
— or hood.
Any self-contained breathing apparatus with a full
facepiece.

500 x*¥ or less L pouwered air-purifying respirator with a high efficiency
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particulate filterx.

or less i N e s R e i o e e A R e i e R R R i e B R B B
A Type C supplied-air respirator operated in pressure -
operated in pressure—-demand or other positive pressure
or continuous—-flow mode.

Greater than Self-contained breathing apparatus with a full facepiece

500 ®¥ or entry operated in pressure-demand oxr other positive pressure

and escape from mode.

unknomn orie e e A T et e A e e B s S R s s e

concentrations A combination respirator which includes a Type C supplied-
air respirator with a full facepiece operated in pressure -
demand or other positive pressure or c¢ontinuous—-flow mode
and an auxiliary self-contained breathing apparatus
operated in pressure—-demand oxr other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece
operated in pressure-demand or other positive pressure
mode .

¥ x®x = 30 mgsn3 10 mgrsM3

———————— (total dust) orx —————=—= (Yespirable)
% 8ig2 + 2 % 5102 & 2

£6) Respirators shall be approved by the Mining Enforcement and Safety
Administration (foxrmexrly Bureau of Mines) or by the HNational Institute for
Occupational Safety and Health undexr the provisions of 30 CFR Part 11.

(@) The employer shall institute a respiratory protection program in
accordance with $ 1910.134(b), (d), (e), and (£).
(e) Fire and safetv. The employexr shall familiarize himself with the

information contained in the Substance Technical Guidelines (Appendix B of
this section) for crystalline silica.

(£) Personal protective equipment. (Resexrved).

(g) Spills and disposal. In the event that c¢xrystalline silica is
spilled the employer shall immediately provide available ventilation and
then c¢lean up the spill.

(h) Sanitation. (Reserxrved).

(i) Training and information. (1) Each emplover who has a workplace in
which crystalline silica is present shall Keep a copy of this regulation

with Appendixes A, B and C at the workplace. This material shall be made
readily available to affected employees.
£2) Each employer who has employees exposed to c¢rystalline silica above

the action level without regard to the use of respirators, or employees who
work where a spill or release of <c¢rystalline silica may occur, shall
annually:
(i) Inform affected employees of the information contained in the
Substance Safety Data Sheet for crystalline silica (Appendix A of this
—section);

tii) Advise affected employees as to the signs and symptoms of exposure
to crystalline silica.
(iii) Instruct affected emplovees +to advise the employer of ‘+the

development of signs and symptoms of overexposure to c¢rystalline silica
which are listed in Appendix A of the section; and
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(iv) Provide training to ensure that employees wunderstand the
precautions of safe use, emergency procedures, and the correct wuse of
protective equipment relative to crystalline silica.

(3) Medical surveillance. (1) The employer shall provide medical
procedures as required by this paragraph. All medical procedures shall be
performed by or under the supervision of a physician at no cost to the
employee.

(2) Preplacement medical examination. The employver shall make available
to each employee who 1s exposed, or will be exposed to airborne
concentrations of crystalline silica above the action level, without regazrd
to the use of respirators, a preplacement medical examination which must
include the following:

(i) A medical history and physical examination with emphasis on the lungs
and heart;

(ii) TForced vital capacity (FVC) and forced expiratory volume-one second
(FEV (1 second)) tests;

(iii) 14" x 17" chest roentgenogram.

(3) Periodic medical examination. The employer shall make availabhle to
each employee exposed to airborne concentrations of crystalline silica
above the action 1level, without regard to the use of respirators, tuelve

months from the date of the employee's first exposure, and every tuwelve
months thereafter, a periodic medical examination whic¢h must include the
following:

(i) A medical history and physical examination with emphasis on the lungs
and hearxrt;

(ii) Forced vital capacity (FVC) and forced expiratory volume-one second
(FEV (1 second)) tests;

(iii) B 14" x 17" chest roentgenogram.

(4) Alternative medical procedures. If the examining physician chooses
to use alternative medical procedures to those specified in paragraphs
(3)(2) and (3j)(3) of this section, the employer may accept such alternative
medical procedures as meeting the requirements of +this section provided
that the employer:

(i) Obtains a statement from the examining physician setting forth the
alternative medical procedures, the =rationale for substitution, and
evidence that they will bhe equally effective;

(ii) Informs each exnposed worker of the fact that alternative medical
procedures to those required in paragraphs (3)(2) and (3303 of +this
section are to be made available.

(5) Interim medical examination. The employver shall provide an interim
medical examination for the emplovee if the employee informs the employer
of any of the signs or symptoms of exnposure to crystalline silica which are
listed in Appendix A which the employee suspects are caused by exposure to
crystalline silica.

(6) Informing the physician. The employer shall provide to the physician
rerforming any medical examination required by this section the follouwing

=information:

(i) A copy of this regulation with Appendixes A, B, and C for crystalline
gsilica;

(ii) A description of the affected employee's duties as they zelate to
his exposure to crystalline silica;
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(ix1) A description of any personal protective equipment and zrespirators

required to be used;
(iv) The =results
employee's exposure;

of any measurements which

may indicate the affected

(v) The affected employee's anticipated exposure level; and
t of the physician, any available information from
previous medical examinations of the affected employee.

(7) Where a medical examination is required by paragraphs (3j)(2), (3)(3),
ction, following such examination the employer shall
obtain from the examining physician a written opinion which conforms with

(vi) Upon zxeques

or (j)(H) of this se

raragraph (3j)(8) of

(8) Physician's written opinion.

this section.

the examining physic

ian shall specifically state:

(i) The physician's written opinion by

(R) Whether +the employvee has any detected medical condition which would
at increased 1risk of material impairment of the
employee's health from exposure to c¢rystalline silica;

(B) Any recommended limitations wupon the

place the employee

crystalline silica

(ii) The physici

(iii) The employ
physician's written
(9( Results of

employee's exposure to

» including limitations wupon +the wuse of personal

protective equipment and respirators;
(C) That the employee has been informed by the physician of any detected

medical conditions which require further medical examination or treatment.

an's written opinion shall not reveal specific medical

findings or diagnoses unrelated to the employee's employment.

er shall provide the employee with a copy of the

opinion.

examination is requi

(ii) The 14" N
acceptable copy;
(iii) Whexe alte

tests. Where a preplacement or periodic medical

red by paragraphs (3j)(2) oxr (3)(3) of this section,
following such examination the enmplover shall
rhysician for inclusion in the employee's medical record:

(i) A recording of the results of the pulmonary function tests;
17" chest roentgenocgram when required, oxr a medically

rnative medical procedures

obtain from the examining

have bheen pexformed in

accordance with paragraph (3j)(4) of this section, a zrecording of such

alternative procedur

es.

(10) No employee shall be exposed to crystalline silica in such a way as
ee at increased zrisk of material impairment of his

would put the employ
health from such

exposure. The employer shall

base this decision on any

information available including the physician's written opinion.

(11) No medical procedure which would be performed pursuant to paragraphs
(3)(2) oxr (3)(3) of this section need be performed if records of a previous
such procedure performed within the past six months are acceptable to the

examining physician.
(12 If an enmpl

oyee refuses any requizred

medical examination, the

employer shall infoxrm the employee of the possible health consequences of
obtain a signed statement from the employee indicating
=that the employee understands the risk involved by refusal to be examined.

such refusal and

(13) The employe

r shall provide emergency

medical treatment for any

employee injured through exposure to crystalline silica.

(k) Recordkeeping

. (1) Exposure determination.

(i) The employexr shall

Keep an accurate record of all determinations required to be made pursuant

to paragraph (bh)(1)

of this section.
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(ii) This =record shall include the written determination required in
paragraph (b)(2) of this section.

(iii) This zxecord shall be maintained until replaced by a more recent
record.

(2) Exposure measurements. (i) The employer shall keep an accurate
record of all measurements taken to determine emplovee exposure to
crystalline silica.

(ii) This recoxd shall include:

(A) The date of measurement;

(B) Operations involving exposure to crystalline silica which are being
monitored;

(C) Sampling and analytical method used and evidence of their accuracy;

(D) Number, duration, and results of samples taken; and

(E) Name, social security number and exposure of the employee monitored.

(iii) This 1record shall be maintained until replaced by a more recent
record but in no event for less than one year.

(3) Mechanical ventilation. (i) When mec¢hanical ventilation is used as
an engineering control, the emplover shall maintain an accurate record of
the measurements demonstrating the effectiveness of suc¢h ventilation
required by paragraph (d4)(3) of this section.

(ii) This record shall include:

(A) Date of measuremaent;

(B) Type of measurement taken;

(C) Result of measurement.

(iii) These records shall be maintained for at least one year.

(4) Emplovee training and information. (i) The employer shall Keep an
accurate recoxrd of all employee training and information zrequired by
paragraph (i) of this section.

(ii) This recoxrd shall include:

(A) Date of training;

(B) Name and social security number of employee trained;

(C) Content or scope of training provided.

(iii) This zrecord shall be maintained until rxeplaced by a more recent
recoxrd.

(5) DnMedical surveillance. (i) The employer shall keep an accurate
record of employee medical surveillance required by paragraph (j) of this
section.

(ii) This zrecord shall include:

(A) The name and social security number of the employee;

(B) Results of tests =required by paragraph (j)(2) and (3)(3) of this
section and results of any tests c¢onducted pursuant to paragraphs (j)(4) of
this section;

(C) BAny employee medical complaints relative to exposure to crystalline
silica;

(D) A copy of information provided to the physician pursuant to paragraph
(3)(6)(ii), (iii), (iv), (v), and (vi) of this section.

(E) Physician's written opinion; and

(F) A signed statement of any refusal to be examined.

(iii) This =record shall be maintained for the durxation of and for five
years after termination of the employment of the affected employee.

(6) Access to recorxds. (i) All records required to be maintained by
this section shall be made available upon request to authorized
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representatives of the Assistant Secretary of Labor for Occupational Safety
and Health and the Director of +the HNational Institute for Occupational
Safety and Health,

(ii) Each employee or former employee shall have access to the exposure
determination and exposure measurement records regquired to be maintained by
this section which indicate his own exposure to crystalline silica.

(iii) Employee medical records required to be maintained by this section
shall be made available upon written request to a phyvsician designated by
the employee or former employee.

(1) Employvee observation of measurement. (1) The employer shall give each
employee oxr his representative an opportunity to observe any measurement of
his exposure to «crystalline silica which is conducted pursuant to this
section.

(2) When obsexvation of measurement of employee exposure to crystalline
silica requires entry into an area where the wuse of personal protective
devices, inecluding respirators, is required, the observer shall be provided
with and required to use such equipment and comply with all other
applicable safety procedures.

(3) Without interfering with the measurement, observers shall be entitled
to:

(i) Receive an explanation of the measurement procedure.

(ii) Visually observe all steps zrelated to +the measurement of the
airborne concentration of crystalline silica that are being performed at
the place of exposure; and

(iii) Record the results obtained.

NOTE: The information contained in the following appendix for crystalline
silica is neither intended, by itself, to create any additional obligations
not otherwise 1imposed, nor detract from any existing obligation. To the
extent the information supplements this regulation for crystalline silica,
it is advisory in nature.

APPENDIX A

SUBSTANCE SAFETY DATA SHEET
FOR CRYSTALLINE SILICA
X SUBSTANCE IDENTIFICATION
A. Substance: Crystalline silica (Quartz, cristobalite and tridymit
diatomaceous earth and other minerals or mineral mixtures contain
in a c¢rystalline form.)
B. Permissible Exposure:
T Exposure to airborne total dust concentrations not in excess
per cubic meter (mgrs/M3) divided by the percent crystalline s
over an eight-hour work shift as stated in 1910.1000 Table Z
2. Exposure to airborne respirable dust concentrations not in e
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HEALTH
A.

e

per cubic meter (mgs/M3) divided by the percent c¢rystalline s
over an eight-hour work shift. Respirable dust is that frac
dust having the aerodynamic properties as defined in the foo
1910.1000.

3. Exposure to airborne respirable dust concentrations not in e
particles per cubic foot (mppecf) divided by the perxcent crys
Appearance and Odor: Colorless, odorless solid (Crystalline sili

of many mineral dusts.)

HAZARD DATXA

Ways in which the c¢hemical affects your body: Crystalline
silica can affect your body if vou inhale it.

Effects of Overexposure:

1. Exposure to crystalline silica dust may cause scarring
of the lungs with c¢ough and shortness of breath. This
is called "Silicosis."™

2 Reporting Symptoms: You should inform your emplover if

vou develop any signs or symptoms and suspect that they
are caused by exposure to crystalline silica.

EMERGENCY FIRST AID PROCEDURES

A.

Eye Exposuzre: If crystalline silica dust gets into your eves
wash your eyves immediately with large amounts of water,
lifting the upper and lower lids occasionally. If irritation
is present after washing get medical attention.

Breathing: If you oxr any other person breathes in lazxge
amounts of crystalline silica dust move the exposed person to
fresh air at once.

Rescue: Move affected person from the hazardous exposure.
If the exposed person has heen overcome, notify someone else
and put into effect +the established emergency rescue
rroceduzres. Do not become a casualty yourself. Understand
your emergency rescue procedures and Know the locations of
the emergency rescue equipment before the need arises.

RESPIRATORS AND PROTECTIVE CLOTHING

A.

B.
C.
PRECAUT

Respiratoxrs: Respirators are not the best way to control
exposure to crystalline silica. You can only be required to
wear them for routine use if your employer is in the process
of installing controls or control measures prove inadequate.
You may be required to wear respirators for non-routine
activities or in emergencies. If respirators arxe worn, they
must have a Mining Enforcement and Safety Administration
(MESA) or MNational Institute for Occupational Safety and
Health (NIOSH) approval label. (0ldexr respirators may have a
Bureau of lMines approval label.) For effective protection,

respirators must fit your face and head snugly. Respirators
should not be loosened or removed in work situations where
there use is zrequired. If vyou experience difficulty
breathing while wearing a respirator, tell your employer.
Protective Clothing: MNone required.

Eye Protection: HNone required.

IONS FOR SAFE USE, HANDLING AND STORAGE
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ACCESS
A.

Ask vyour supervisor where c¢rystalline silica is used or
released in your worK area and for any additional safety and
health rxules.

TO INFORMATION

Each yeaxr your employer is required to inform you of the
information contained in this Substance Safety Data Sheet for
crystalline silica. In addition, your emplover must instruct
you in the safe wuse of crystalline silica, emergency
procedures, and the correct use of protective equipment.

Your employer is required to determine whether you are being

exposed to crystalline silica. You o©or VyYour representative
have the right to ohserve employee exposure measurements and
to record the results obtained. If your employer determines

that you are being overexposed, he is required to inform you
of the exposure and the actions which are being taken to
reduce your exposure.

Your employex 1s required to keep records of your exposure
and medical examinations. Your employer 1is required to keep
exposure data for at least one year and to Keep medical data
during vour employment, and for a period of five vyears

following wuour termination of employment. Your employer is
required to make the exposure data available to you upon your
request. Your employer 1s also required to zelease your

medical records to your physician upon your written request.
Your employer must give you a copy of the physicians written
cpinion for any physical examination <regquired by this
standazxd.

The information contained in the following appendix for crystalline
silica is neither intended, by itself, to create any additional obligations

otheruise

imposed, nor detract f£rom any existing obligation. To the

extent the information supplements this regulation for crystalline silica,
it is advisory in nature.

I

APPENDIX B

SUBSTANCE TECHNICAL GUIDELINES
FOR CRYSTALLINE SILICA

PHYSICAL AND CHEMICAL DATA

A

Substance Identification

1 Synonyms: Quartz; coesite; cristobalite; tridymite
s Formula: 5102
3, Formula weight: 60.1

Physical Data
i Boiling point (760 mm Hg): 2230 C (4046 F)
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2. Specific gravity (water = 1): 2.2 - 2.0

50 Vapor density (airxr = 1 at boiling point of
crystalline silical: Net applicable

4. Melting point: 1600 C (2912 F)

5is Vapor pressure at 20 C (68 F): Essentially =zero

6. Solubility in watexr, % by weight at 20 C (68 F):
Insoluble

7. Evaporation rate (butyl acetate = 1): Hot applicable

8. Lppearance and odor: Colorless odorless solid

(Crystalline silica may be a component of
many mineral dusts.)

EXPLOSION AND REACTIVITY HAZARD DATHA

Fire

1 Not combustible

Reactivity ;

1. . Conditions contributing to instability: HNone

2. Incompatibilites: Contact with powerful oxidizing

agents such as fluorine, chlorine trifluoride, manganese
trioxide, oxygen difluoride, etc. may cause fire.

3. Hazardous decomposition products: None.

4. Special precautions: Crystalline silica is attacked by
hydrogen fluoride (oxr hydrofluoric acid).

SPILL AND DISPOSAL PROCEDURES

A,

G=

If c¢rystalline silica is spilled or released in hazardous
concentrations, the following steps should be taken:

1. Ventilate area of spill or release.

2. Collect spilled material in the most convenient and safe
manner fcor reclamation, or for disposal in a sanitary
lagafr 1l .

Persons not wearing protective equipment should be restricted
from areas of release or spill wuntil «c¢leanup has bheen
completed.

Haste disposal methods: Crystalline silica may be disposed
of in a sanitary landfill.

MONITORING AND MEASUREMENT PROCEDURES

A.

EXPOSURE ABOVE THE ACTION LEVEL: Measurements taken for the
purpose of determining employee exposure under this section
are best taken such that +the eight-hour exposure may bhe
determined from a single eight-hour sample or two four-hour
samples. Several short-time interval samples (up +to 30
minutes) may also be used to determine the average exposure
lavel. Air samples should be taken in the employee's
breathing zone (air that would most nearly represent that
inhaled by the enployee). Sampling and analyses may be
rerformed by instruments such as portable-direct zreading
instruments or by <collection of particulates wusing a
efficiency membrane filter with subsequent gravemetric
analysis. The method of measurement must determine the
concentration of crystalline silica to plus or minus 35%.

EXPOSURE ABOVE THE PERMISSIBLE EXPOSURE: The monitoring and
measurements under this section should be essentially the
same as described wunder paragraph IV. a. Laboratozries
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rerforming chemical analyses should be accredited in
Industrial Hygiene Chemistry by the American Industrial
Hygiene Association. The method of measurement must

determine the concentration of crystalline silica to plus or
minus 25%.

.. METHODS: Methods meeting +these accuracy requirements are
available from the Mational Technical Information Service, U.
5. Department of Commexrce, Springfield, Virginia 22161 under
the title "NIOSH Analytical Methods foxr Set S" (Orxrder number
} $:0:0.6.0.0:0:0:0.0 1N

D. CUALIFIED PERSONS: Since many of the duties relating teo
employee protection are dependent on the results of
monitoring and measuring procedures, employers should assure
that the evaluation of employvee exposures is performed by a
competent industrial hygienist or other technically gqualified

person.
V. MISCELLANEOUS PRECAUTIONS
B Employers should advise employees of all areas and operations

where their exposure to c¢cyrstalline silica could occur.
VI. COMMON OPERATIONS

Common operations in which exposure to crystalline silica is likely
to occur arxe: During the mining, c¢rushing, grinding and cutting of
any zrocK that contains crystalline silica such as granite eor sand;
during Zfoundxry operations; during sandblasting; during the
manufacture of piezo-electric devices; during its use in metalluzxrgy
and in the manufacture of fiberglass and ceramics.

NOTE: The information contained in the following appendix for c¢rystalline
silica is neither intended, by itself, to create any additional obligations
not otherwise imposed, nor detract from any existing obligations. To the
erxtent the information supplements this regulation for crystalline silica,
it is advisory in natuze.

APPENDIX C — MEDICAL SURVEILLANCE GUIDELINES

T, ROUTE OF ENTRY
Inhalation.
% 5l TOXICOLOGY

Crystalline silica or quartz dust causes silicosis, a form of disabling,
progressive, and sometimes fatal pulmonary fibrosis characterized by the
presence of typical nodulation in the lungs. The earliest lesions are
seen in the region of the <respiratory bronchioles. Lymphatics become
obliterated by infiltration with dust-laden macrophages and granulation
tissue. Morphologically, the typical lesion of silicosis i1is a f£irm
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nodule composed of concentrically arranged bundles of collagen. These
nodules usually measure between 1 to 10 mm in diameter and appear around
bloocd vessels and beneath the pleura, as well as in mediastinal lymph
nodes. There may be conglomeration of nodules as the disease progresses,
leading to massive fibrosis. Histologically, the silicotic¢ nodule
consists of a relatively acellular, avascular coxre of hyalinized
reticulin fibers arranged concentrically and blending with collagen
fibers toward +the periphery, which has well-defined borders. The
particles of silica responsible for the reaction are birefringent and can
be visualized under polarized light if they exceed 1 micron in diameter.
Silica in the lungs can be identified by x-ray diffraction studies and
incinerating a portion of the lung, with subsequent analysis of the ash.
The silica content of the normal lung should not exuceed 0.2 percent dry

weight. The «e¢linical signs and symptoms of silicosis tend to be
progressive witlh continued exposure to quantities of dust containing free
silica, with advancing age, and with continued smoking habits. Symptoms
may also be exacerbated by rulmonary infections and carxdiac
decompensation. Symptoms include cough, dyspnea, wheezing and zrepeated
nonspec¢ific chest i1llnesses. Impairment of pulmonary function may be
progressive. In individual cases there may be little or no decrement

when simple discrete nodular silicosis is present, but when nodulations
become larger or when conglomeration occurs, recognizable cardiocpulmonary
impairment tends to occur. Progression of symptoms usually continues
after dust exposure ceases. While there may be a factor of individual
susceptibility to a given exposure to silica dust, the risk of onset and
the rate of progression of the pulmonary lesion is clearly related to the

character of the exposure (dust concentration and duration). The disease
tends to occur after an exposure measured in years rather +than months.
Occasionally, exposures to wvery high c¢oncentrations occur in short

periods of time in occupations such as sandblasters and tunnel workers;
in these <cases of acute or rapidly-developing silicosis there may bhe
severe respiratory symptoms resulting in death. It is generally accepted
that silicosis predisposes to active tuberculosis, and that the combined
disease tends to be more rapidly progressive than uncomplicated
silicosis. A group of 972 granite shed workers were studied to relate
exposure levels to incidence of silicosis. The workers wexre grouped
according to average exposure levels: 37-60, 27-44, 20, and 3-9 mppcf.
Those with +the highest dust exposure shoued development of early
silicosis in 40 percent of +the workers after 2 years and 100 percent
after 4 years of exposure. The development of silicosis in the remaining
workers appeared to be proportional to the dust exposure. At the second
highest exposure level (27-44 mppcf), early stages of silicosis appeared
after 4 vyears of exposure and more advanced stages developed by the
seventh veaxr. In the group exposed at an average of 20 mppcf there was
little indication of severe effects upon the health of the workers. In
the lowest exposure group where the average dust concentration was 6
mppcf (range 3 to 9 mppcf), there was no indication of any untoward
effects of dust exposure on workers.

III. SIGNS AND SYMPTOMS
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Cough, dyspnea, wheezing; impairment of pulmonary function which may be
progressive.

Iv.

SPECIAL TESTS

Hone in common usage.

TREATMENT

Remove from exposure.

VE.

VII.

SURVEILLANCE AND PREVENTIVE CONSIDERATIONS
GENERRL

Crystalline silica or quartz causes a disabling pneumoconiosis. &
history of exposure to free silica 1is necessary before pulmonary
function and chest roentgenogram c¢an bhe used in making a diagnosis
of silicosis. A histologic examination of lung tissue is the only
single method that c¢an unequivocally demonstrate the unigue
pulmonary effects of exposure to hazardous amounts of free silica.
It is dimportant that the physician become familiar with plant
operating conditions in which exposure to silica occurs. Those with
skin disease may not tolerate the wearing of protective ¢lothing and
those with chronic respiratory disease may not tolerate the wearing
of negative pressure respirators.

PREPLACEMENT

The following medical procedures must be made available to each
employee who is exposed to crystalline silica:

(i A complete history and physical examination -- The purpose is
to detect preexisting conditions that might place the exuposed
employee at increased risk, and to establish a baseline for
future health monitoring. Examination of the =respiratory
system and cardiovascular system should bhe stressed.

2. "™ x 17" chest roentgenogram -- Crystalline silica or quartsz
causes human lung damage. Surveillance of +the lungs is
indicated.

3. FV€C and FEV (1 sec¢) =-- Crystalline silica or gquartz is
reported to cause decreased pulmonary function. Periodic

surveillance is indicated.
PERIODIC EXAMIHNATIONS

The above medical examinations are to be repeated on an annual
basis.

REFERENCES
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REFERENCES AND SOURCES
CRYSTALLINE SILICA (QUARTZ)
1910.1000

Personal Protective Equipment, and, (h) Sanitation
Eye: Grant, "Toxicology of the Eye"
Skin: HNone
Ingestion: Gleason, "Clinical Toxicology of Commercial Products;"

Deichmann and Gerarde, "Toxicology of Drugs and Chemicals"
COMMENTS
Eye - Classification: 0

Output statement numbers: None

Exceptions: None

Grant reports that "particles of silica predominantly in

the range of 2 to 3 microns introduced into the corneal stroma

of rabbit eves cause very little reaction. The same particles
introduced in the anterior c¢hamber . . . in the course of

3 - 5 weeks cause an inflammation reaction with formation of
fibrotic nodules in the iridocorneal angle. Finely divided

silica injected into the vitreous of rabhbit eyes has caused
necrosis of the retina and atrophy of the choroid."”

It is evident that silica particles must penetrate the
eve to cause significant injury. Consegquently, it is
concluded that prevention of direct eye contact with this
substance is not appropriate for this standard.

Skin - Classification: 0
oOutput statement numbers: None
Exceptions: None
As would be expected, there are no indications in the
literature that skin exposure to silica presents any hazard.
This substance is, therefore, assigned a classification of

Zero.
Silica 1is insoluble in water, is not combustible, and
has a vapor pressure which is essentially zero. Its melting
roint is 2912 degrees F.
Ingestion - Classification: 0
Output statement numbers: None
Exceptions: Hone

Gleason reports that silica is "chemically and biologically
inert when ingested in any of its many physical forms, such as
crystalline quartz . . ." Deichmann and Gerarde state "the
effects of ingestion of silica are purely mechanical.”
Since the substance is inert, it is assigned a c¢lassifica-—
tion of zero.
SUBSTANCE TECHHNICAL GUIDELINES

The references cited for this document include:
National Fire Protection Association, "Fire Protection Guide on

Hazardous Materials," 5th edition, 1975 (NFPAR)

Kirk-Othmex, "Encyclopedia of Chemical Technology.,"™ Vol. 18, p. 46;

Vol,. 74 p. 459 (KE=0)

"Lange's HandbooKk of Chemistry,"™ 11th edition (Lange)
Sources of data items used:

2

A. 1. Synonyms: Lange
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Formula: Lange

Formula weight: Lange

Boiling peoint: Lange

Specific gravity: Lange

Vapor density: Not applicable

Melting point: Lange

Vapor pressure: ADL

Solubility in water: Lange

Evaporation rate: Not applicable

Lppearance and odor: Lange

Flash point: Not combustible

Conditions c¢ontributing to instability: LADL

Incompatibilities: HFPA-491M

Hazardous decomposition products: None

Special precautions: K-0

IIE. A Steps if released oxr spilled: ADL

C. Waste disposal method: ADL
¥ Miscellaneous precautions: ADL
USE/EXPOSURE AND CONTROL DOCUMEMNT

References used in the preparation of this document include:

Hamilton, A. and Hardy, H. L., "Industrial Toxicology,"™ Publishing Science
Group, Inc., 3rd edition, 1974 (H and H)

Hawley, G. G, "The Condensed Chemical Dictionary,"™ Van Nostrand Reinhold
Co., 8th edition, 1971 (Hawley)

International Labour Office, "Encyclopedia of Occupational Health and
Safety.," 1972 (ILO)

Johnstone, 8. J. and Johnstone, M. G., "Minerals for the Chemical and
Allied Industries.," John Wiley and Sons, Inc., 2nd edition, 1961
(Johnstone)

Kirk, R. and Othmexr, D., "Encyclopedia of Chemical Technology.," Interscience
Publishers, 2nd edition, Vol. VII, 1965; Vol. XVIII, 1969; Vol. VI,
1965 (K-0)

"Mineral Facts and Problems,™ U. S. Dept. of the Interiocr, Bureau of
Mines, Bulletin 650, 1970 edition (Mineral Facts)

Patty, F. A., "Industrial Hygiene and Toxicology," Vol. II, Interscience
Publishers, 1962 (Patty)

"Silica, Free Silica, Silicon Dioxide," Hygienic Guide Series, American
Industrial Hygiene Assoc., Sept. 1957 (Hygienic Guides)

Smith, A. R. and Sterxn, A. C., "The Silicosis Hazard in Graining Litho-
graphic Plates and Its Control," Monthly Review, 30 = 1, Jan. 1950
(Smith)

References for Specific Use/Exposure

II. a.

L WN = 20 dJ0 05 Wk = Wi

167 H and H, Johnstone
20 ILO, Johnstone
3% Patty
Y, Minexal Facts
-5, H and H, Johnstone
6. H and H, Johnstone, K-0 (Vol. 6)
T H and H, Johnstone
8. Johnstone, Minerxral Facts, Patty
9 Minexral Facts

10. Johnstone, Minerxral Facts, Patty
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135 H and H., Hawley, K-0 (Vol. 6), Mineral Facts, Smith
i Johnstone, K-0 (Vol. 18)
13. B0 (sl . )

References for Specific Control Methods

1 . H and H, Hygienic Guides, Patty
2 s ILO, Patty

3. Hygienic¢ Guide, Patty

4. H and H, Hygienic Guides, Patty
Bls Hygienic Guide, Patty

H and H, Hygienic¢ Guides, and Patty were the references used in 6 - 8.
9. Patty

10. H and H, Hygienic¢c Guides, Patty
11. Hygienic Guide, Patty

12 Johnstone

13 . H and H, Hygienic Guides, Patty

; RESPIRATOR TABLE DOCUMENTATION
SUBSTANCE: Crystalline silica (quartz)
D. 0. L. STANDARD: 30 mgsM3 10 mgrsHM3
———————— (total) o =—=w===== (rogpirahle)
% Sine + 2 % Si)2 + 2

Eye Irritation Level: Grant states that crystalline silica "has been
observed to cause fibrotic nodules in the eye analogous to pulmonary
silicosis. Particles of silica predominantly in the range of 2u
to 3u introduced into the corneal stroma of rabbit eyes cause very
little reaction. The same particles introduced into the anteriorx
chamber sink teo the bottom of the chamber and in the course of three
to five weeks cause an inflammatory reaction with formation of
fibrotic nodules in the iridocorneal angle. The reaction is quite
different and more severe than that induced by brickdust, glass, or
magnesium silicate

"In apparently unique report of involvement of the cornea
in foundry workers who developed pulmonary silicosis has described
gradual decrease in visual acuity due to corneal opacities in the
pupillary area and has reported spectroscopic analytical evidence
of an abnoxmally high silicon content in the cornea.™
For the purposes of this standard, quarter- and half-facepiece

respirators are pexrmitted.

IDLH: There is no evidence in the available toxicological information
which indicates that an acute exposure to a high concentration of
crystalline silica would impede escape or cause any irreversible health
effects within one-half hour. For the purposes of this standard, therefore,
respirators have been selected on the basis of the protection factor
afforded by each device, It is recognized, however, that for some
substances for which there does not appear to exist a concentration
immediately dangerous to life and health, the determination of allowable
respiratory protection hased on protection factors may result in the
selection of a concentration which is not likely to be encountered in the
occupational environment. Therefore, for all such particulate substances
it has been arbitrarily determined that only those respirators allowed for
use above IDLH concentrations are permitted for use in concentrations exceedi
500 times the permissible exposure.

Other Toxicological Information: According to the AIHA Hygienie Guides,
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the severity of the health hazard of crystalline silica is "nil, forx
acute; high, for chronic exposures. Inhalation of extreme concentra-
tions of particles of one micron or less may lead to a diffuse,
fulminating lung fibrosis in a few months. Development of the

usual chronic type of silicosis takes many months or years. Eftects of
repeated inhalations of silica dust are cumulative and progressive.
The different crystalline foxrms produce varying responses, in

animals, with tridymite and cristobalite more severe than gquartz.
Disease 1is characterized by an initial generalized linear or
perivascular increase in pulmonary density, progressing to small nod-
ules diffusely scattered throughout the lung fields. As exposuzxe
continues, these nodules attain sufficient size to interfere with
norxmal pulmonary function. Dyspnea and emphysema are characteristic
of the more advanced stages. Silicosis seldom, if ever, produces
death. However, common complications are tuberculeosis, chronic
bronchitis, and other bactexrial infections."

The Documentation of TLV's states that "the margin of safety of
the quartz TLV's is not kKnown. In the documented examples of virtual
silicosis elimination, concentrations have averaged well below the TLV.
It is suggested that guartz concentrations be maintained as far below
the TLV as current practices will permit."®



id

NIOSH/0OSHAE Draft Technical Standard
and Supporting Documentation for SILICA, CRYSTALLINE

USE/EXPOSURE AND CONTROL DOCUMENT

CRYSTALLINE SILICA
Principal Route

Uses/Exposure
Inhalation of dust duxring
use in metallurgy (foundry
molds - iron and steel
casting, £lux in smelting
basic ores)

Inhalation of dust and
skin contact with fiber
during use in the manu-
facture of fihexrglass (for
sound, heat, cold oz
electrical insulation;
chemical filtrxation; fire-
proofing and reinforcing
fabrics)

Inhalation of dust during
the refining of sand for the
production of quaxrtz (xotary
kiln drying, screening,
elevating, storing, car-
loading)

Inhalation of dust duxing
manufacture and processing
of synthetiec quartz
(quartz crystals are

grown in an autoclave

at elevated temperature
and pressure). Synthetic
quartz can replace

natural for almost all

its uses.

Inhalation of dust during
use in the ceramics

industry (white and

enamel ware; ordinary glass;
chemical apparatus - tubes,
crucibles, dishes)

Inhalation of dust during
use as an abrasive (scouring
and polishing soaps and
pouwders, flint sandpaper,
metal polishes, sandblast
work)

of Entry
A

Currently Used

Control Methods
Local exhaust ventilation;
general dilution ventilation:;
wet process; personal protec-
tive equipment (respiratozxry
protective devices)

Lecal exhaust ventilation:
general dilution ventilation;
personal protective equipment
(gloves, respiratory protec—
tive devices)

Process enclosure when possih
local exhaust ventilation:
water sprays, personal protec
tive equipment (xespiratory
protective devices)

Process enclosure; local ex-
haust ventilation; general
dilution ventilation; perxr-—
sonal protective equipment
(respiratory protective
devices)

Local exhaust ventilation;
general dilution ventilation;
personal protective equipment
(respiratory protective
devices)

Local exhaust ventilation;
general dilution ventilation:
wet process; personal protec-—
tive equipment (respiratory
protective devices)
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Inhalation of dust during
use in the manufacture of
refractories and building
products (silica bricks)

Inhalation of dust during
use of quartz in the
manufacture of electrical
instruments (cutting,
grinding, polishing
quartz). Because of its
piezoelectric properties,
this is the chief industrial
use for high grade crystal
quartz (electronic

grade) - frequency control
oscillatoxs for radio and
TV transmission, depth
sounding devices, range
finders, filter circuits,
etc.

Inhalation of dust during
the grading and c¢lassifi-
cation of electronic

and optical grade

quartz (sorting according
to size range, separation
of faced and unfaced
crystals, inspection

and testing). All of
these operations must be
done by hand. High grade
guality gquartz is mined
and imported fxrom Brazil
and Madagascar.

Inhalation of dust during

the manufacture of optical
equipment (prisms, wedges,
lenses) - cutting, grind-
ing, polishing. High quality
quartz is necessary

for this usage. Used in
scientific equipment

that requires optics
fabricated of quartz=.

Inhalation of dust during
miscellaneous uses of
quartz (paint extenders,

Local exhaust ventilation;
general dilution ventilation:;
wet process; personal protec-
tive equipment (respiratory
rrotective devices)

Local exhaust ventilation:
general dilution ventilation;
vet process; personal protec-
tive equipment (zespiratory
protective devices)

Local exhaust ventilation;
general dilution ventilation

Local exhaust ventilation; ge
ral dilution ventilation; wet
process; personal protective
equipment (respiratory protec
tive devices)

Local exhaust ventilation; ge
ral dilution ventilation; perx
sonal protective equipment
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lining for acid towers (respiratory protective devic
in chemical industxy, in

dental porcelain composition,

ablative material in

rocket engines and space-

craft, semiprecious gem

stones, graining

lithographic plates)

Inhalation of dust during A Process enclosure
the manufacture of fused
quartz or quartz glass
(formed by the direct
melting of quartz crystals).
Quartz is crystalline;

fused glass is vitreous.
Among the many uses for
quartz is the manufac-

ture of certain types

of glass and some glass

fibers.

Inhalation of dust during A Local exhaust ventilation;
exposures which occur general dilution ventilatien;
as a result of its being wet process, personal pro-

a component of granite tective equipment (respirator
or similar minerals protective devices)

(granite gqguarrying, monu-
ment cutting, Zfoundry
operations). These are
all trades where there is
a heavy exposure to

dusts containing varying
amounts of quartz. For
other exposures to guartz,
please see the amorphous
silica document.

A -- Inhalation

B —-- SKin and eye contact resulting
in localized irxrxitation

C —-— Ingestion

D —-- SKkin contact resulting in

absorption and subsequent
systemic poisoning
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