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The Dbasic text of this document c¢ontains the draft technical standazrxd
approved by the Joint Review Committee of +the HNIOSH/0OSHAER Standards
ompletion Program and the supporting documentation for the substance
CYCLOHEXANOL.

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 standaxd is
nrovided 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
Jorking groups during the development of the draft technical standard and
sexve as the technical foundation for the standard. The ¢lassification forx
zach substance and the zregulatory statements werxe derived following a
lecision logic established for the various sections of the standard.
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DEFINITIONS

PERMISSIBLE EXPOSURE - '"Permissible Exposure"™ means inhalation of
cyclohexanol in concentrations not in excess of 50 parts per million
(ppm) (200 milligrams per cubic meter, mg/cu.m.) averaged over an
eight hour woxrk shift, as stated in section 1910.93, Table G-1.
ACTION LEVEL - "Action Level™ means one half (172) of the
permissible exposure for cyclohexanol.

EMPLOYEE INFORMATION - Each employer who has a workplace in which

cyclohexanol is present shall:

1)

(2)

(e)
A

(2)

(3)

(4)

(5)

STANDARD AVAILABILITY - Keep a c¢opy of this section with its
appendices A, B and C, at the workplace. This matexrial shall be
made readily available to affected employees; and

PRESENCE OF CYCLOHEXANOL - Inform affected employees of the
gquantity, location, and manner of use ox storage of cyclohexaneol.
EXPOSURE MEASUREMENT

INITIAL DETERMINATION - Each employer who has a place of employment
in which c¢yclohexanol is released into the workplace air shall
determine if any employee may be exposed to airborne concentrations
of cyclohexanol at or above the action level. The determination
shall be made each time therxe is a change in precduction, process, ox
control measures which could =result in an increase in airborne

concentrations of c¢yclohexanol. B written determination shall be

made and it shall contain at least the following information:

(1) Any information, observations, or calculations which would
indicate employee exposure to cyclohexanol;

£ii) Any measurements of airborne concentrations of cyclohexanol
taken;

(iii) Any employee complaints of symptoms which may be attributable
to exposure to cyclohexanecl; and

(iv) Date of determination, woxrk being performed at the time,
location within work site, name, and social security number
of each employee considered.

INITIRL EXPOSURE MEASUREMENT - If the employer determines that any

employee may be exposed to airborne concentrations of «c¢yclohexanol

at or above the action level, the exposure of the employee believed

to have the greatest exposure shall be measured. The exposure

measurement shall be representative of the maximum exposure of the

employee.

INDENTIFICATION OF EXPOSED EMPLOYEES — If the exposure measurement

taken undexr paragraph (¢)(2) of this section reveals employee

exposure to airborne concentrations of cyclohexanol at or above the

action level, the employer shall:

c1i) Identify all employvees who may be exposed at or above
the action level; and
(ii) Measure the exposure of the employees so identified.
EXPOSURE ABOVE THE ACTION LEVEL - If an employee exposure
measurement reveals that an employee 1is exposed to airbozrne

concentrations of cyclohexanol at or above the action level, but not
above the permissible exposure, the exnposure of that employee shall
be measured at least every two months.

EXPOSURE ABOVE THE PERMISSIBLE EXPOSURE - If an employee exposure
measurement reveals that an employee is exposed to airbozrne
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concentrations of c¢yclohexanol above the permissible exposure, the
employer shall:

{32 Inform the employee of the exposure as required hy para-
graph (M)(1) of this sec¢tion; and
(ii) Measure the exposure of the employvee at least monthly; and

(iii) Institute control measures as required by paragraph (E) of
this section.

(6) TERMINATION OF EXPOSURE MEASUREMENT - If two consecutive employee
exposure measurements taken at least one uwesek apart reveal that the
employee is exposed to airborne concentrations of c¢yclohexranol below
the action level, the employer may +terminate measurement for the

emplovee. For purposes of this subparagraph, use of respirators
shall not constitute reduction of employee exposure below the action
level.

(d) METHODS OF MEASUREMENT - An employee's exposure shall bhe obtained by

any combination of long term or short term samples which zrepresents the
employee's actual exposure averaged over an eight hour work shift

(Appendix B (iv)). The method of measurement shall have an accuracy, to
a confidence level of 95%, of not less than that given in Table 1 below.
Table 1
Concentration Required Accuracy
Above permissible exposuzre Plus or Minus 25%
At or below permissible exposure
and above the action level Plus ox Minus 357
At or below the action level Plus or Minus 50%
(e) Methods of Compliance
(1) Engineering c¢ontrols - No emplovee shall be exposed to cyclohexanel
above the permissible limit as defined in paragraph (al)(1) of this
section. Engineering and woxk practice controls shall be used to
reduce exposure to cyclohexanol to at oxr below the pexrmissible
exrposure.

) When mechanical ventilation is used to control exposure,
measurements which demonstrate system efficiency (for
example: air velocity, static pressure, or air veolume) shall
be made at least every three months. Measurements of system

efficiency shall also be made within five work days of any
change in production, process or control which might zresult
in a reduction in contzrol.

(ii) In the design of open surface tank ventilation for the
purposes of section 1910.94 (d), operations invelving
cyclohexranol shall be classified as B-4 at 70 F.

(iii) Wherxre a fan is located in duct work and where cyclohexanol is
present in concentrations greater than 6000 ppm, ocne fouxrth
of +the lower flammable limit, the fan rotating element shall
be of non-sparking material or the casing shall c¢onsist of,
or be lined with, non-sparking material. There shall be
sufficient c¢learance betwueen the fan rotating element and the

y fan casing so as to prevent contact.
(2) BRespirators

G Compliance with the permissible exposure may not be achieved

by the use of respirators except:
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(a) During the time period necessary to install engineering
controls; ox

(b)) In work situations in which engineering controls are
technically not feasible; oz

(¢) In work situations in which feasible engineering and

worKk practice controls are insufficient to reduce
employees exposure to at oxr below the permissible
exXposure. Where technically feasible engineering and

work practice controls are not sufficient to reduce
exposure to at or below permissible exposure, they shall
be used to reduce exposure to the lowest level feasible;
or
(d)} For operations not exceeding 40 hours per year; or
(e) In emexrgencies.
Respirators shall be jointly approved by the Mining Enforce-
ment and Safety Administration (formerly Bureau of Mines) and
by the National Institute for Occupational Safety and Health
undexr the provisions of 30 CFR Part 11.
Employers shall select and provide the appropriate respirator
from Table 2 and shall ensure that the employee wuses the
respirator provided.
Employers shall institute a respiratory protection program in
accordance with sections 1910.134(b),(d),(e) and (£).

TABLE 2. RESPIRATORY PROTECTION FOR CYCLOHEXANOL

Condition

Vapor Concentration

Equal to or less

than 1000 ppm

and organic vapor cartridge(s).

Equal to or less

than 2500 ppm

organic vapor canister.

Any supplied-air respirator with a full facepiece, helmet
or hood.

Any self-contained breathing apparatus with a full face-
pliece.

Equal to or less

than 3500 ppm

Greater than
3500 ppm orx

operated in pressure—demand (positive pressure) mode oz
with a full facepiece, hood, or helmet operated in con-
tinuous f£low mode.

Self-contained breathing apparatus with a full facepiece
operated in pressure-demand (positive pressure) mode.
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intry & Escape
from UnKknown supplied—-air respirator with a full facepiece operated
Joncentrations

mode and an auxiliary self-contained air supply operated
in pressure—demand mode.

fire Fighting Self-contained breathing apparatus with a full facepiece
operated in pressure-demand (positive pressure) mode.

Escape Iny gas mask providing protection against organic vapors.
Any escape self-contained breathing apparatus.

(£) Fire and Safety
Emplovers shall familiarize themselves with the information ¢ontained in
the Substance Technical Guidelines for cyclohexanol which is contained in
Rppendix B in order to ensure the safe handling and use of cyclohexanol.
(1) Electrical - For the purposes of compliance with section 1910.309,
locations classified as hazardous locations due to the presence of
cvclohexanol shall bhe Class I Group D.

(2) Portable fire extinguishers - For the purposes of compliance with
section 1910.157, c¢yclohexanol is <¢lassified as a Class B fire
hazazd.

(3) Powered industrial txrucks - For the purposes of compliance with

section 1910.178, locations classified as hazardous locations due to
the presence of c¢yclohexanol shall be Class I Gxoup D.

(4) Combustible 1liquids - For the purposes of compliance with section
1910.106, ligquid c¢yclohexanol is c¢lassified as a Class IITIA
combustible liguid. Spray finishing operations shall be performed
in accordance with sections 1910.107 and 1910.94(¢). Dip tank
operations shall be performed in accordance with sections 1910. 108
and 1910.94(d).

(5) Sources of ignition - Sources of ignition such as smoking or open
flames are prohibited where cyclohexanol is handled, used or stored
in a manner 50 as to create a potential fire or explosion hazard.

(6 Storage - Cyclohexanol shall be stored so as not to come in contact
with strong oxidizers.
(g) Personal Protective Equipment
€12 Skin Contact
i) Employers shall provide, and regquire employees to use,
impervious clothing, gloves, face shields (8 inch minimum)
and other appropriate protective <¢lothing necessary to
prevent repeated or prolonged skin contact to liquid or solid
cyclohexanol. Face shields shall comply with section
1910.133(a)(6).
(ii) Employvers shall ensure that non-impervious clothing which

becomes wet with liquid c¢yclohexanol be removed promptly and
not reworn until the <¢yclohexranol is zremoved f£rom the
c¢lothing.
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{iii) Employers shall ensure that clothing wet with cyclohexanol is
' placed in closed containers for storage until it c¢an be

discarded oxr until the employer provides for the xemoval .of
cyclohaxanol.from_the clothing, If the c¢lothing is to be
laundered or otheruise <¢leaned to remove the cyclohexanol,
the employer shall inform the pérson performing the opexation
of the hazardous properties of cygelcechexanol.

Eva Contact

{17 Employers shall provide, and -regquirée emplovees +0 usé,
splash—proof safety goggles {cgup~cover type dust and splash
safety goggles), uwhich comply with section 1810.133(a)(6),
where eye contact to liguid or solid cyvclohexranol may octur.

pills

8pills of cvelohexanol shall be cleaned up immediately aftex

eliminating potential sources of ignition and utiliming available

ventilation,

Sanitation

Employers shall ensure that employees whose skin becomes wet with

liguid evelehesancel prompbtly wash or showsr ag necessary to remove

any cycloliexanol from the skin.

Employers shall ensure that employees who handle cyclehaxzanol wash

their hHands thoroughly wWith sScap or mild detexgent and water hefore

gating, smoking, oxr using toilet facilities.

Training and Information - Each employer who has employees exposed

to cyeclohexanol in excess of the attion level, or employees who may have
skin ox eye ¢ontact with liguid cyclohexanecl, ox enployees who work whexe
accidental release, spill, firxe., oz explosion of cyclohexanol may ocour,
shall annually:

€13

(23

(3)

(kl

Substance: Safety Data Sheet - Inform each emploves of +the
information contained in the Substance Safety Data Sheet for
cyclohexanol, which is corntained in Appendix A; and

Madigal -

(I Rdvise employees as to the signs and symptoms of exposuxe to
cycloharanol,

(I1) Instruct the employees to advise the enmployver of the
development of signs and symptoms of exposure to cytclohexanol
whiech are listed in Appendix A.

(ITI) Instruct the empleyees to inform the employer if they fevelop
any of the medic¢al conditions listed in (kK)(2Z) of this
section; and .

Proceduraes -

() Provide training +*o ensure that employees understand the
rrecautions of gafe use, energency procedures, and the
correct use of protective equirment relative to cyclohexanol.

{TT) The procedures réguired by (3)C1Y, (2), and (2)(T) shall bhe
Provided to employess at the eupense of the employer during
the employee's normal working hours. N
Medical Suxveillanc¢e

The emplover shall provide medical procedures as regquired 'by
paragraph (k). These procedures shall be provided @t no cost to the
emplovee.
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Preplacement Questionnaire - The employer shall obtain from each
employee who will be exposed to liguid c¢yclohexanol, oxr airbozrne
concentrations of «c¢yclohexanol at or above the action level, a

written statement as to whether such employee has a histoxry of any
of the following:

I Skin disease

{IX) Liver disease

(ITII) Kidney disease

(IV) Chronic lung disease

Preplacement Medical Examination - The employer shall provide a

medical examination for an employvee if +the employee provides a
histoxry of any of the conditions named in paragraph (k)(2).

Results of Preplacement Examination - The employer shall obtain a
physician's written opinioen based on the medical examination
pursuant to paragraph (k)(3).

Periodic Medical Examinations - The employer shall provide a medical
examination for an employee if the employee advises the employer of
the development of:

(1) Any of the medical conditions listed in (Kk)(2)
(ID) Signs and symptoms listed in Appendix A which the
employee suspects may be caused by exposure to

cyclohexanol.
Results of Periodic Examinations - The employer shall obtain a
physician's written opinion based on the medical examination

pursuant to paragraph (K)(5).

Exclusion or Removal from Exposure — No employee shall continue to
he exposed to cyclohexanol if such exposure could place the employee
at increased risk of matexrial impairment of his health.

Emergency Procedures - The employer shall provide emergency and
follow-up medical examinations and treatment <£for any employee
injured through exposure to cyclohexanol.

Informing the Physician - The employer shall provide +to the
examining physician the following information:

£X) A copy of this section with its Appendices
A, B and C for c¢yclohexanol;

" 3 A description of the employvee's duties as they
relate to his exposure to cyclohexanol;

(ITI) A description of any personal protective equipment,
including respirators, required to bhe used;

(IV) The results of any employee's exposure measurement,
if available;

(v) The employee's anticipated exposure level; and
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(vr) Upon reguest of the physician, information from
previous medical examination of the emplovee.

Physician's Written Opinion

(1) The physician’s written opinion shall be a signed statement
by the examining.physician specifically stating:

{1} Whether the eémplovee has any detécted medical cenditions
which could be directly or indirectly aggzavated hy
exposure ‘to cyclohexanol or uhich could significantly
interfere with the abhility of the enmployee to Zfollow
recommaended or required Tprocedures for protecting
himself from unusual or eheérgency exposure. .

(B} BAny recommended limitations upon the employae's gx¥posure
to cyelohesanol.

{(C} The emplovee has been informed by the physician of any
detected medical conditions which reguire further
medical examination or treatment.

{11 The written opinién shall not xreveal meédical inforimation
unrelated to exposure to cyclohedxanol.

Refusal to be Medically Exramined - Tf an employee refuses any

reguired medical examination, the employer shall inform the employee

of +the possible health conseguences of such refusal and obtain a

signed statement frxom the employee indicating that the employee

understands the risks involved by refusing to be examined.

Noe medidal procsedure which would be performed pursuant ¢ this

section need be performed if recoxds of a prewvious such procedure

performed within the past six months are acceptable to the examining

physician.

Recordkeeping.

Initial determination.

(i) The ewmployer shall keep an accurate record of all initial
determinations reguired to be made pursuant %o paragraph
{a)(1) of this section. '

(i) The zrec¢oxd shall inciude the writien determination and any
supporting decumentation as required in paragraph (¢l (1) of
this section.

(ii) This zxecoxrd shall be wmaintained until replaced by a more
recent xeécord.

Exposite measuremeints,

(1) The =employer shall keep an agcurate record of all measure—
ments taken to determine emplovee exposure to vyeclohexanol.
(ii) This record shall include:

(a) The date of measurement; o _
(b) & reference to the subparagraph of this regulation which
required the measurement, if any;



(32

(i3

(5)

(6)

NIOEBH/708HA Draft Technical Standazxd
and Supporting Documentation for CYCLOHEXANOL

{c) Operations involving exposure to cyc¢lohexanol which are
being monitored; o _
{d) Sampling and analytical methods used and evidence of
their atcuracy;
(e) Humhker, duration., and results of samples taken:
(£) Name, Social Secuzrity number, and euposSure of the
employses monitored.
(iii) This record shall be maintained 11ntil replaced by a mozxe
racent record but in no event for less than one year.
Mechanical ventilation.

(i} When mechanical wventilation is used as an engineexring
contrel, the employer shall maintain a rzecoxd of measurements
demonstrating the effegtiveness of such ventilation as
reégquired by paragraph (e3(1){i) of this section.

(i) This record shall inglude:

{a) Date of measurament;
{h) Type o6f measurement taken;
_ {¢) Result of measurxement. _
(iii) This record shall be maintained for &t least one véaxr.
Training and information.

£i) Thé employer shall Xkeeép an accurate record of all enployse
training and advice reguired by paragraph (3i) of this
section. ' '

{ii) The Tecerd shall include:

(a) ©Date of training;
(b) Name and Social Secuxity number of employees trained;
(¢ Substance of training provided.

(iiiY This record shall he maintained until zeplaced by a mcze
re¢ent record.

Medical redords.

(i} The employer shall keep an accuraté medical record for each
employes,
(ii) The recoxrd shall include:

(a} Physician's written epinion;
{b) Preplacement questiionnaire;
(c} Any employee medical complaints relative to ewposure to cycloheral
(dY A signed statement of any zefusal to bhe examined;
(e) A vopy of information provided to the physician pursuant
to paragraph (k)(93(ii) through {(vi} of this section.
{iii) This record shall be maintained <£or the duration of the
employment of the affected employee.
Acoess to¢ records.
(il ARll recoxds required to be maintained by this séction shall
be made available upon réguest to authorized representatives
of the Assistant Secretary and the Director. '

(ii) Employee exnosure measurement records requizeda to bhe
maintained by +this section shall be made available +to
emplovees and  formex employees and their designated
representatives.

(ii%) Employee medical =regords reguired to be maintained by this
segtion shall he made available upon written zegquest To =
physiceian designated by the employee or former aemployee.
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Ohservation of monitoering.

Duty.

The employer shall give affected employees or their representatives

an opportunity to ohserve any menitoring ¢f employee exposure to

tyclohexanel which is conducted pursuant to this section.

Exexcise of opportunity to obsexrve monitoring.

(i) When observation of +the monitoring of employse exposure to
¢yclohexanol requires entry into an area where the wuse of
personal protective devices is reguired, the ohserver shall
use such equipment and comply with all othex applicable
safety procedures,

(ii) Without interfexing with the measurement, observexrs shall be
entitled to:

(a) Reteive an explanation of the measurement procedures;

(b) Visually observe all steps related to the measurement of
exposure to cyclohexanol that are being performed at the
place of axXposure.

(¢) Recoxd the results ohtained.

Employvee notification.

The enployer shall notify in writing, within five work days, every

empleyed who is found +to be enposed to ¢eyélohexanol above the

permissible exposure. The enployee shall also be notified of the
level of his exposure and the c¢exrective action being taken +to
reduce the exposure to at or helow the permissible exposure.

Pursuant to paragraph (k) of +*this Section, when an employee is

medically examined the employer shall provide the employee with a

copy of the physician's written opinion.
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APPENDIX A

SUBSTANCE SAFETY DATA SHEET

T. SUBSTANCE IDENTIFICATION

SUBSTANCE: Cyclohexanol

PERMISSIBLE EXPOSURE: 50 parits of ¢yclohexrandol vapor per million parts
of air {(prm) ox 200 milligrams of cyélohexanol vapoxr per cubic meter
of ai¥ (mg/cu )

APPEARRENCE BND ODOR: Thicgk colorless liquid oxr sticHy solid with a £aint
camphor—-like odozr.

Iz, HEALTH HAZARD DATA
i, Ways in Which +the Chemical Affects Your Body: Cyclohexkanol can

affect your body if it is swallowed, inhaled, or dif it comes in
contact with your skin or eves.

B. Effects of Overexposure:
1. Short-Term Overexposure: Overexposure to c¢ycleochexranol may
cause headache and irxritatien of the eyes, nose and throat.
Z. Long—Texm OQVerexXposure: Repeated exposure to cyclohexanol
may cause irritation of the skin,
3. Reporting Signs and Sympioms: You should inform voux

employer if you develop any signs 6r symptoms associatéed with
cyelohgxanol exposure.

TIT. EMERGENCY FIRST AID PROCEDURES
R. Fye Exposure: If cyclohexanol gets into youxr eves, wash the eyes
immediately with large amounts of water, lifting the lower and upper
lids occasionally. Get miedical atténtion as soon as péssible.

Contact lenses should not be woxn when working with %this chemical.

B. 3kin Exposure: If ¢ycloheranol gets on your skin, wash the
gontaminated skin with water promptly. If c¢yclohexanocl soaXs
through vyour «c¢lothing, zremove the c¢lothing promptly and £lush the
skin with watexr. CDo not rewear the clothing until the c¢ycelohexanol
has heen removed, Replace 6r zepair impervious clothing that has
developed leaks. If +there is skin ixrritation, get medical
attention.

. Breathing: If you or any other person breathes in lazge amounts of
cyclochexanol remove the exposed pexson to Fresh air at once. If

breathing has stopped, perform artificial respiration. Keep the
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affected pérson warm and at rest. Get medical atbtention as soocn as
possikle.

. Swallowing+ When c¢yeloliexanol hags been swallowed get medical
attention immediately. If medical attention is not immediately

available get +the affected person to vomit by having him.fouch-the
back of the threat with his fingexr or by giving hiw large amounts
(one pint ox more) of warm salt water (two tablespoons of salt per
pint of water). Do not make an unconscious person vomit.

‘E. Rescue: Move affected person fxom the hazardous ewposure. If the
exposed person has bheen overceme, notify soneone else and put dinto
effect the established emergenc¢y rescue procdedures. Do not hecome a
casuvalty yourself. Understand your emergency rescue procedures angd
kRnow the locations of the eguipment before the need arises,

IV. RESPIRATORS AND PROTECTIVE CLOTHING _

A, RESPIRATORS: Respirators are not the hest way to control exposure to
cyclohexnanol. You can only be reguired to weaxr: theéem £or routine uUse
if youxr employer is in the process ¢f installing c¢éentrols or otherx
contrel measures prove inadequate. You may be required to wear
respirators £or non~routine activities or in emnergencies. If
respirvators are worn, they must have a Mining Enfoxrcement and Safety
Adwinistration (MESA)/Hational Institute for Occupational Safety and
Healtih (NIOSH) approval lahel. (0lder respiraters may have a Bureau
of Mines appreoval label.) If wyou ¢can snmell cyvclohexmanol while
waaring_a-xespirator, the respirator is noet worling correctly;: go

immediately to fresh aix. If you euperience difficulty breathing
while wearing a xespiratvor,. tell your émplover.

B. PROTRECTIVE CLOTHIHNG: Yoeu must westr impervious clothing, gloves,
fate shields, and other appropriate protective c¢lothing +to prevent
repeated or prolonged skin contact with ZIiquid or solid
cyalohexanol, _

c. EYE PROTECTION: You must wear splash-proof safety goggles (cup-

cover type dust and splash safety goggles) where eye <¢ontact +to
liguid or solid cyclohexanol may occur.

V. FRECAUTIONS FOR SAFE USE; HANDLING AND STORAGE

Cyclohenranol is a combustible liquid-and its vapeoxrs ¢an foxm explosiye
miztuzres with air at elevated temperatures. It must be stored in tightly
clesad centainers in a c¢ool well-ventilated area away from heat and
strong oxidizers. Sources of ignition such as smeking and open flamés
are yprohibited wherever ceyé¢lohexancl dis handled, used or stored in a
manner that could cxéate & potential f£ire oxr explesion hamard. You must
use non~spaxking tools when opening oz closing metal containers of
cyclohexanol, and containers must be bonded and grounded when pouring o
transferring ligquid cyclohexanel. TIf your skin becomes contaminated with
liquid.cyclchexanol, you must promptly wash or showsr as necessary tTo
remove The ¢yelohexanol #£rom your sKin. You must premphtly remove any
non—impervious c¢lothing that becomes wet with ligquid ¢yclohexanol and
this clothing must net be reweozn until the cy¢lohéxansl is removed From
the c¢lothing. If you handle liguid ox s0lid cyelohexanol, you must wash
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‘yvoux hands tThoroughly with scap oz mnmild detergent and wuater beforxe
eating; smoking er using toilet Ffacilities. Fire extinguishers, where
provided, must be readily available and you should Know where they are
and how to operate them. Ask your superviser where cyclohexanol is used
in your werk area and for any additional plant safety and health rules.
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APPENDIX B

SUBSTANCE TECHNICAL GUIDELINES
CYCLOHEXANOL

PHYSICRL AND CHEMICAL DATA
Substance Identification

1.

00~ Oy U1 W = D

Synonyms: Hexalin: hydroxycycloherane; hydralin; anol;
hexahydrophenol; cyclohexyl alcchol

Formula: CBH11CH

Molecular weight: 100

hysical Data

Boiling point (760 mm Hgd: 161 € (322 F)

Specific gravity (H20=13: 0.%96

Vapor density (air=1 at boilinyg point of cyclohexanol): 3.5
Melting point: 23.6 € (75 F) _

Vapor pressure at 20 C (68 F): 1 mm Hyg

Selubility in water, % by weight at 20 C (68 F): 3.6
Evaporation rate (butyl acetate=1): 0.08

Appéarance and odor: Coloxless viscous liguid ox sticky
solid with a& Ffaint camphor cdor

FIRE, EXPLOSION AND REACTIVITY HAZARD DATHR

Fire
1.

2.
3.
4

5.

Flash point: 67.8 C (154 F) (closed cup)
Autoignition temperature: 300 © (572 F)

Flammable limits in air, % by volume: Jlower: 2.4 {calculated at £las!

Extinguishing wedia*: Alcohol £oam, dry

chemical, carben dioxida

Special <fize—-Tfighting proceduxes® Do not use a solid stream:
of water since a stream will scatter and spread the firze.
Use water spray to coel containers exposed to a Iire.

Unusual f£ize and exrxplesion hazards: Cyelohexanol is a com-
hustible liquid, At elgvated temperatures its vapors c¢an
form explosive mixtures with air., All ighition sources must
e contrelled where cyeclohesxancl is Used, handled o¢r stored.
Cyclohexanol vapors are heaviex than air and may travel along
the ground and be ignitied by sparks or ceopéen flames at.
locations remote From the site at which eyelohexanol is
handled.

For mrpurpeses of complying with the reqgquirements of 29 CFR
1910. 106, cyclohexanel idis c¢lassified as a Class ITTA
combustible liguid. 4t 6000 ppm, ocite-fourth of the loiker
flammable limit, cyclohexanol is considered to be & potentizml
f£ire and explosion ‘hazaxd. '
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8, For purposes of complying with 29 CFR 18%810.309, the
classification of hazardous locations as described in Article
500 of the HNaticnal Elzctrical Code for ¢vcelcéhexanol shall be
Class I Group D.

Reactivity

1. Conditions contributing to instability: heat

2. Incompatibilities: Contact with strong oxidizers may cause
fire and explosion

3. Hagardous decomposition products: toxic gases &nd vapors
tsuch as carbon menowgidel may be released in a Fire
invelving cvelohexanol.

4. Special precautions: Cyclohexanol will attack some forms of

plastics, rubbexr and coatings.

SPILL, LERK, AND DISPOSAL PROCEDURES

If cyclohexanol is spilled or leaked, the following steps should be
taken:

1. Remove all ignition sources

2. Ventilate area of spill or leak

3. For small guantities, absorbh on paper towegls. Evaporate in a
safe place (siuch as a fume hood) and burn the paper. Large

quantities «c¢an be c¢ollected, mired with ethyl alcohol and
atomized in a suitable combustion chamber.
Persons neoet wearing protectivegequipment should be restricted from
areas of spills ox leaks until cleanup has been completed.
Waste disposal methods:
Ccyclohexanoel may bhe disposed of:

3. By absorbing it in vermiculite, dry sand, earth or a sgimilar
material and dispesing in a sanitarp land£ill.
2. By mixing with ethyl aldchol and atowmizing in a suitable

combustion chamberx.

MONITORING AND MEASUREMENT PROCEDURES _

EXPOSURE ABOVE THE ACTION LEVEL: Measurements taken for the purpose
of determining employee expoésure under this seetion are best taken
suieh ‘that +the average 8&-hour exposure may be determined from a
single sanmnple oxr fwo £2) L-hour samples. Sheoert terxrm interval
samples (up +to 30 minutes) may also be used %o determine average
exposure level 1f a minimum of five (5) measurements are taken in a
randem manner over the 8-hour work shift. Randpm sampling means
that any poxrtion of the work shift has the same chance of being
sampled as any otherx,. The arithmetic average of all such random
egqual duxation samples taken on one (1) work shift is an estimate of
an employee's average level of euposure for that work shift. Air
samples shoitld be taken in the amploves's bhreathing zone (aixr +that
would most nearly represent that inhaled by the emplovee). Sampling
and analyses may be performed hy instruments such as datector tubes
certified by NIOSH wunder U2 CFR Part 84, portable direct-reading
instruments, gas and vapor adsorption tubes with subseguent chemical
analyses o©or dosimetexSa The method of maasuréement must determine
the ¢oncentratieon of syc¢lohexanel to plus o minus 35%.

EXPOSURE ABOVE THE PERMISSIBLE EXPOSURE: The monitezing under this
section should bhe essentially the same as described underx paragraph
Iv. a. Laboratories performing chemieal ahalyses should he
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agoredited in Industrial Hygiene Chemnistry hy the American
Industrial Hygiene Association (AIHA). The method of measurement
must detexrmine the conventration of é¢yelochemanel te plus or minus
Z5%. Methods meeting these acdcuracy reguirements are available in
the "HIQSH Monitoring Mathods Manuzl™. '

' MISCELLANEOUS PRECAUTIOHNS

a. Stere c¢yclohexwanol in tightly c¢losed containers in a cool, well-
ventilated area. . '

B. High exposures to c¢yclohexanol c¢an cccur when transferring the
liguid from one containexr to another. _

c. Non-sparking tools must be used to open and c¢lose wmetal cgelohenanol
gontaingrs. These containers must be effeectively grsunded and
bonded prior to pouring.

D. Employers nust advise -employees of all plant areas and opérations
‘whexre exposure to cyclohexanol could socur. '

VI, COMMON OPERETIOHS :

Common operatiens in which exposure teo cyclohexanol is likely to occuz

are: its use as a solvent for some oils, lacguers, and othexr suxface

doatings; in <the compounding of certain texntile soaps and dryeleaning
¥luids, and as an interwediate in the production of nyleon , c¢aprolactum,
and plasticizers; its use in ¢leaning and degreasing; and in its

mantfasture and subsequent zepackaging.
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APPENDIX € - MEDICAL SURVEILLLANCE GUIDELINES

T. ROUTE OF ENTRY
Tnhalatidén; minor skin absoxrption.

IT. TOXICOLOGY
Cvelohexanol vapor has a narcotic eﬁfectuat high concentrations, and
causes irxi%ation of the eves:. nose and throat. Prolonged exposure at
145  ppm resulted in minimal <¢hanges in the liver and Xidneys of rahbits.
Lethargy oc¢d¢urs in the monkey at 700 ppi, and narcosis in rabbits at 1000
pPpm. The liquid defats the skin and may produce dexmatitis upon
prolonged or frequently oceuring contacts. No chronic systemic effects
have heen reported in humans.

III. SIGNS AND SYMPTONMS

Irritation of the avyes, nose and threat. Harcosis may occur
‘at sustained high levéls.

Iv. SPECIAL TESTS

Nene in common usage.

g. TREATMENT
Remove from exposure. Give artificial resuscitation if indicated., HWash
éyes and contaminated ¢Rin with watex. If swallowed and the person is
congolidous, induce vomiting. Re¢overy is usually complete.

VI, SURVEILLANCE AND PREVENTIVE CONSIDERATIONS
A. GEMNERAL

Most reported effects of ceyelohexanol are caused by its irritant

properties. It is important that the physician becomes familiaxr
with plant operating conditions in uwhich exposure to cyclohexanol
oceurs. Those with skin disease may not tolerate +the wearing of

protective <clothing and those with chronic respiratory disease nmay
not tolerate the wearing of negative pressura respiratotrs.

B. PREPLACEMENT

Routine medic¢al histories and physical examination are not regquirzed.
Houwever, the employer must screen employees f£oxr history of certain
medical conditions (listed below} which might place the employee at
increased risk fxzom exposure. Only those giving a positive history
of these conditions mist he referred fox fFurther medieal
eHaminations. ’
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1. Skin ‘diseasg -- Cyélohexranocl 4is a defatting agent and c¢an
cause dermstitis on prolonged exposure. Persons with
preexisting skin disorders may be more susceptibla to the
effects of this agent.

2. Liver disease -— Although cyelohexanol is not known as a
liver toxin in humans., the importance of this ozxgan in the
biotransforwation and detowification of foreign substances
should bhe considered before ewposing vpersons with impaired
liver Ffunction.

3. Kidney disease —-— Although ¢yelohexanél is not knotin as a
Ridney toxin in humans, the importance of this ozxgan in the
elimination of toric substances justifies special

consideration in those with impaired zenal funcetion.

N Chronic lung disease =-- In persons with impaired pulmonary
function, especially those with obstructive airway disease.,
the Dbreathing o6f coyeclcohexnanocl might cause exacerbations of
symptonms due to itz irritant properties.

C.  PERIODIC EXAMINARTIONS
Routine pericdic examinations are not reguired. However, if the
employer becomes aware of an employes with the ahove—listed
conditions., he must refer such employee ZFor Ifurther medical
examination.
References
1. Browning, Ethel: Towicity and Metabolism of Industrial Solvents,

Elsevier Publishing Company, Amsterdam, 1965, pp. 385-388.

2. American conference of Governmental Industrial Hygienists:
"Cyclohexanel,"™ (3d ed., 2d& printingl,. Documentation of fthe Threshold
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3. Patty, Fzank &.: Industrial Hygilene and Toxicolegy, Vol. II -
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REFERENCES AND SOURCES
CYCLOREXANOL
1910.93

Personal Protective Eguipment, and, (h) Sanitation
Eve: (Grant, "Toxicology of the Eyae™
Skin: Browning, "Toxicity and Metabolism of Industrial Solvents;"

Patty, "Industrial Hygiene and Toxricologyv;" YEncyclopedia

of Occupational Safety and Health," International Labour Qffice
Ingestion: Browning, "Toxicity and Metabolism of Industrial Seolvents;"

Patty, “Industxial Hygiene and Toxicology™

COMMENTS _ _

Eve - Classificaticon: 2 and 6
utput statement numbexs: 10 and 12 combined
Exceptions: Hone

Grant rzeports that "testing by application of a drop to rzabbits'
eyes causes modarate injury,_gxaded 7 on a scale of 1 to 10
aftexr 2U hours."™

In the absence of any indication in the literature that
the injury caused is irreversible, it must bhe concluded that
classifications 6f 2 and 6 are appropriate.

Skin ~ Classificatiens: 2 and 6
Output statement numbers: 2, 7h, 179, 17i, 203
Exceptions: Hone
§kin penetration lethal doses, fox rabbits, of 12.7 to 22.7
g/kg are reported in Brouning and Patty. Brouning notes "hy

skin application, there was a £all in temperature, Jjerking and
twitching-of.tha limbs and chest mus¢les and narcosis.
Rpplication of S5paps containing up te 15% of cycloheranel
caused only slight local effeots, bt the higher concentrations
caused some lacdrimation which, it wss presumed, was the

result of abscrption from the skin, since there was practically

no vaporisation (si¢) . . . from the skin." &he, therefore, adds "in

large doses it is readily abso:hed threugh the skin.”

Patty notes that “application of 10 ml of c¢yeclohexanol
upon the intact skin of a rabbit for 1 hour on each of 10
successive days induced narcosis, tremors, athetoid movements,
and hypothermia, together with necrosis, eéxodative ulceration,
and thickening of the skin in the area of contact.” A numbekx
of animals subjected to these applications were fatally poisoned.
ILY states that "prolonged contact with the skin results in
irritation. and the liguid is slowly absorbed through the skin."

Cycleohexanel has a melting point of 75 degrees F and =
vapor pressuze of T mm Hg at 20 degrees €. It iz 3.6% soluble
in water and has a flash point of 154 dégrees F.

Below, it is recorded thiét the effects of excessivae skin
absoxrption aze similar to those of oral administration and
include "toxic degenerative lesions and vascular damage."

Though the acute skin penetration lethal doses given indicate
that the rate of absorption is lew, the various information
indicates that effects may be significant from even small amounts
pvenstrating the skin. Classifications of 2 and 6 are concluded
to be appropriate to prevent the cited effects if sitatements
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17g and 17i are used instead of 16g and 161, especially since
the vapor pressure of the substance is low.
Ingestion - Classifications: 2 and 6

Output statement numbers: 20a

Exceptions: See below _
Brouning reports "animal experiments have led to the coiclusion
that there is no appreciably prolonged retention in the organism
By otral administration, Treon &% al. obsexved diarrhoea,
ataxia, lethergy, narcosis, collapse, less of reflexnes and death,
but ne ¢onvulsions. Animals which survived zécovered from the
narcosis in 5.5 %o 16 hours." Patty states “the oral administra-
tions of lethal doses of cyclohexanol (2.6 g or moresRy of body
weight) to rablbits caused severe vascular damage and extrema
touic effects with massive coagulation nécroesis of wmyocardiunm,
lung, liver, kidney, and brain. Animals that survived somewhat
smaller doses developed toxric degenerative lesions and vascular
dadage of much lesser degree. The chanyes observed £ollowing
the cutaneous application . . . were very similar, in general . ., Lm

Use of statement 20a alone is considerxed adeguate.

SUBSTANCE TECHNICAL GUIDELINES
CYCLOHEXANOL

PHYSICAL AND CHEMICAL DATA

Substance Identification

1. Synonyms: Hexalin; hydrogyeyeclohexane; hyt@ralin;g anol;
hexahydrophenol; <¢yclohexryl alcohol

Formula: CO6HI110H _

Molecular weight: 100

hysical Data _

Beiling point (760 mm Hgl}: 1671 € (322 F)

‘Specific gravity (water=1)r 0.96

Vapox density (air=1 at beiling peint of cyclohewanoll: 3.5
Melting_point= 23.6 ¢ (75 F)

Vapor pressure at 20 C (68 F): 1 mm Hyg

Soluhility in water, % by weight at 20 ¢ (68 F): 3.6
Evaporation rate (butyl acetate=1): 0.08

hppearance and odozxn: Coloxrless vis¢ous liguid or sticly
solid with a faint camphor osdor '
FIRE, EXPLOSION AND REACTIVITY HEZARD DATA

3

[ I R 2 ST U A =

Fire

1. Flash peoint: 67.8 C (154 F) (closed cup)

2. Butoignition temperature: 300 € (572 F)

3. Flammable limits in air, % by volume: lower: 2.4 (evalculated at £lasl

Y Extinguishing media: Alcohol £foam, dry
chemical, ¢arbon diowide

5. Special Zfire-fighting procedures: Do not use a solid stream
of watexr sinde a stream will scatter and spread the fire.
Use water spray to cool containers exposed to a fire. '

6. Unusyal £ire and eéxplosion hazards: Cyclohexranol is a com=-
bustible ligquid. At elevated temperatures its wapors can
form explosive mixtures with airxr., Al1ll ignition sources must

be controlled wheze cyclohexranoel is ussd, handled o¢r stored
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in & manner that c¢ould create a potential fire ox explosion

hazazrd. ¢ycloheranol vapors are heavier than air and nay
travel along the ground and be ignited by sparks or open
flamés at locations remote from the site at which
cyclohexancl is handled.

7. For purposes of conplying with the requirements of 2% CFR
121¢.106, <dyclohexanol is c¢lasgified =as = Class IIIA
combustible ldiqguid. For ewample, 6000 ppm) approximately

one—fourth of the lower flammable ILimit, is one situation in
which oyeclohexanol is considered to be a potential fire and
_ explosion hazard.
8. Fox purposes of complying with 29 CFR 1910.309, the
glassificeation of hazardous locations as described in Axrticle
500 of the National Electrical Code fér cyclohexancl shall lhe
Class I Group D.

Reactivity _ _

1. Conditions contributing %o instability: Heat.

2. Incompatibilidities: Contact with strong oxidizers may cause
fire and explosion

3. Hamardous {ecomposition products: Toric gases and vapors
{guch as carhon monoxide) may be reléased in a fire
invelving cyclohexanol.

b, Special precautions: Cyalohexanol will attack some forms of

plastics; rubber and coatings.

ITT. SPILL, LEAK, AND DISPOSAL PROCEDURES

A.

IV.

If ¢yclohexanol is spiiled or leaked, the follouing steps should be
taken: .

1. Remove all ignition sources.

2. Ventilate axreéa of spill ox leak.

3. Fer small gqguantities, absorb on paper towels. Remove to a
safe place (such as a fume hood) and burn the paper. Large

quantities ¢an be collected and atomized in a suitable
combustion'chamher!
Persons_ not wearing protective eguipwent should he raestricted From
azeas of spills or leaks until d¢leanup has been conpleted.

Waste disposal methods: Cyeclohexanol may be disposed of:

1. By absoérbing it in vermiculite, dry sand, earth or a similax
material and disposing in a secured sanitazy landFill.

2. By atomizing in a suitable combustion chamber.

MONITORING AND MEASUREMENT PROCEDURES

EXPOSURE AROVE THE ACTION LEVEL: Measurements taken for the purpose
of determining employee exposure under this section are best taken
such that the average 8-hour exposurée may be determingd from a
single sanple or Etwo (2) HY-hour samples. Short texm interval
samples (up to 30 minutes) may alsoe be used to determine average
exposure level if a minimum of five (5) measurements are taken in a
random manner over the &-hour work shift. Random sampling means
that any porition of the work shift has the same chance of being
sampled as any other. The arithmetic average ef all such rahdom
eqgqual duratien samples taken on one (1) work shift ig an estimate of
an employes's average leveéel of exposure for that work shift. Aix
samples should be taRen in the employee's breathing zone (air that
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would most nearly represent that inhaled by the employee). Sampling
and analyses may be performed by instruments such as detector tubes
certified by HIOSH under 42 CFR Parxt 84, portable direct-reading
instruments, yas and vapor adsorpition tubes with subsegquent chemiczal
arnalyses or dosimeters. The wmethod of measureément must détermine
“the concentration of cyelohexwsnel to plus or minus 35%.
. EXPOSURE ABOVE THEE PEEMISSIBLE EXPOSURE: The monitoring undexr +this
section should he essentially the same as déscribed undex -paxagraph
IV. . Laboratories perfoxming chemical analyses should be
accredited in Industrial Hygiene Chemistry by the- American
Industrial Hygieng Association (ATIHRN). The method of measurement
must determine the concentration of eyclohesxanel to plus or minus
25%. Methods mesting these acguracy requirements aze available in
the "“"NIOSH Monitoring Methods Manual™.
v. MISCELLANEQUS PRECAUTIONS
. Store c¢yclohexanel din tightly ¢losed containers in a cool, well-
ventilated area. _ _
B. Empiloyers should advise employees of all plant azxeas and operatiens
whera exposure to cyelohexmanol could cccour.
vI. COMMON OPERATIONS
Common coperations in which exposure to c¢yclohaéxanol is likely 1o occur
are: 1ts use as a solvent for some oils, lacqguers, and other surface
doatings; in the compounding of cexrtain textile soaps and drycleaning
‘£#luids, and as an intermediate in the production of nylon, caprolactum,
and plasticizers; its use in g¢leaning and degreasing; and in its
manufacture and subsequent repackaying.
RESPIRATOR TABLE DOCUMENTATION
SUBSTANCE: Cyclchexwanol
D. 0. L. STANDARD: 50 _p'pm
WARNING PROPERTIES:

Odor Threshold: No guantitative information is available eoncerning the
_ odor threshold of cyclohaxanol. _ _ _
Izxitation Levels: The Documentation of TLV's states that "Nelson and his

associates found 100 parts of cyvelohewanol to be objectionable to the
ten persons subjected To this concentration in a study of sensory
response Lo a number of solvent vapors. In this study the individuals
¢lassified the effect of thé Vvapor on the eyes, nose and throat
after three to five minUtes' exposure as objectionable. The 1imit of
50 ppm was chosen to reduce ¢objectionable dzxritation.” '
Evaluation of Warxrning Properties: Since cyeclohexanol is knoun to producge
eye; nose and throat irritation at a c¢oncentration only 2 times the
rermissible exposure limit, cyclohexanoel is treated as a substance

with goéd warning properties. Gas sorbent respiratory equipmnent is
pernitted. '
IDLH: 3500 ppm
Basis fox IDLH Value® There are ne¢ acute inhalation toricity data avail~
able upon which to base an IDLH concentzation foxr ¢yclohexanol. The
chosen IDLH (3500 ppm), therefore, has been estimated from the xahbit
oral LD50 from data (2.2 - 2.6 gs/Kg) given in Browning. The chosen

IDLH is probably conservative, sirce the lower end of the range of
the LD50 valuas (2.2 &s/kg) has bheen used to estimate the IDLEH.
Other Toxicolegical Information: The following excerpt has been taken from
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Patty:

"Pohl was unable to observe any effects when a doy was exposed
to air saturated with cyclobexanol fox 10 minutessday on 7
successive days. However, exposure of animals to sufficiently,
high concentrations

PHYSIOLOGICRL RESPONSE OF ANIMALS SUBJECTED TO VRPORS OF CYCLOHEXANOL

Humber
of animals
exposed

Q'iabhlts

8 rabhbits

1 monkey
b rabbits

4 rabbits

CONCENTRATION Duration of

mg/ exposure Percentage
liter PRM hx(a) mox%allty Slgns of 1ntoxlcatlon
4.93 1229 150 50 Harcosis, lethargy, inco=-.

crdination, conjunctival
congestion and irritation,
and salivation

4.00 997 330 50 Narcosis, lethargy. con-
junctival congestion and
irritation, lacrimation,
salivation, few convul-
sive movements

2.78 693 3090 It Lethargy, conjunctival
irritation

1.09 272 300 0 Slight conjunctival irrd—
tation

0.58 148 300 0 Hone

(a) 6 hrs/day, h days/week

of cycleohexanol in air £for 6 houxssday, 5 dayssueek indutes
an intoxwication characterized hy conjunctival congestion and
irxitation, lacrimation, salivation, lethargy. lncooxdlnatlon,
narcosis, and mild c¢onvulsions. Under suitable conditions
this. intoxication may terminate in death . . .™
' Texric degenerative changes were Tound in the brain,
hea:t;'livgr and Ridneys of rabbits exposed repeatedly to
concentrations of c¢yclohexrancl in air ranging from 997 to
1229 ppm (H.00 to 4%.93 mgsrliter). Similar but less severe
¢hanges were seen in ‘the myocardium,; liver and Ridneys of
rabhits exposed to vapors of this compound at the cdoncentration
of 145 ppm (C0.58 mgrslitexd suffered llttle O no injury,
slight degenexatlve changes being barely demonstrable in the

‘liver and Ridnevy.

Browning reports similar infermation. In additien, Broining

gives anh oxal LD50 for rabbits of 2.2 - 2.6 grskg.
LFL: 245000 ppm
YAFOR PRESSURE AT 20 C: 1 mm Hg

SATURATED

CONCENTRATION AT 20 C: Approximately 7315 ppm
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Currently Used
Control Methods

Inhalation of waper and skin A, B

cgontact with liquid during
synthesis of adipic acid
{pxrimarily nylon 66 produc—
tion

Inhalation of vapor during A
synthesis of caprolactun

Inhalation of vapor and skin A,B
contact with liquid during
application of surface

coatings inecluding natural

and synthetic textile dyes,

cotton mercexizers, and
paints, varnishes, lacguers

and shellacs

IThnhalation e¢f vapor and skin A,B
contact with liguid during '
cleaning and degreasiig
orerations

Inhalation of vapox and skin A,B
contact with liguid during
subdivision and pacRaging

of ¢yclohexanol

Inhalation of vapor and 4,8
skin contact with ligquid

during production of

digyelohexwyl phthalate,

other dyclohernyl ester.,

soars, synthetic detergents

and rubber cement

General dilution ventila-

tién; pérsonal proitecgtive
equipment (goggles, face

shield, gloves, aprons)

General dilution ventila-
tion

General dilutien wventila~-
+ion; local exlaust ven-—

tilation;: personal protec-—
tive equipment (respira-—
tory protective devices,
gloves, coveralls)

Local exhaust ventilation;
personal prote¢tive eguip-—
ment (gleoves, aprons)

Logal exhaust ventilation;
rersaonal protective eguip-

meént (gloves, aprons)

Local exhaust ventilation

A ~- Inhalation

B —- Skin contact resulting in
localized irritation

C —-— Ingestion

D —-- Bkin contact zesulting in

absoxypticn and subsegquent

systemic poisoning
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