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The Dbasic test of this document contains the draft techhical standard
approved by the Joint Review Committee of +the NIOSH/0SHAR Standards
Completion Program and the supporting documentation for the subgstance
DIOXANE.

The SCP draft technical standards arxe 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 Reéferentes and Sources, Respirator Table Documentation and Uses/Exposuxe
and Control Documentation are the woxXing documents used by the various SCP
werKing groups durxing the development of the draft technical standa:d and
szrveé as the technical foundation for the standard The elassification for
each substande and the zxegulatory statements were derlved fellowing a
decision logie astabllshed for the various sections of the standard.
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DEFINITIONS

PERMISSIBLE EXPOSURE - T"Permissible Exposure™ means inhalation of
dioxane in conc¢entratiocns not in excess of 160 parts per million
ppmd (360 milligrams per cuhié¢ meter, mgrs/eu.m.) averaged over an
eight hour work shift, as stated in section 1910.93, Table G~1.
ACTION LEVEL - '"Action Level”™ means one half (1/2) of +the
pérmissible exposiuze for dioyane.

EMPLOYEE INFGRMATION - Each employer who has a worKkplace in which

diosane is present shall:

(1)

{2)

(¢}
(1)

(2

€32

42

(5)

STANDARD AVAILABILITY - Keep a gcopy of this section with its

appendices A, B and C, at the workplace. This material shall ba
made readily available to affected employees; and

PRESENCE OF DIOXANE - TInforxm affected emplovees of the gquantity,
location, and manner of use o0Xr storage of dioxane.

EXPOSURE MEASURENEHT

INITIAL DETERMINATION ~ Each employer who has a place of employment

in which dioxana is released into the workplace air shall determine

if any employee may be exposed to airborne concentrations of dloxane
at or above the action level. The détérmination shall be made eath
time ‘there is a ¢hange in production, process, or control measures
which could result in an increase in airboxne concentrations of
diecxane. R written determination shall be made and it shall contain
at least the following information:
(i) Any information; observations, or calé¢ulations which would
indicate emplioyee expesure to didxane;
(ii) Any messurements of airborne c¢oncentrations of dioxgane
taken;
(iii) Any employee complaints of symptoms which may be attributable
to exposure to dioxane; and o
(iv) Date of determination, worX bheing pexformed at the time,
location within woxk site, name, and social security number
of each employee considered.
INITIAL EXPOSURE MEASUREMENT — If the employer determines +hat any
employee may be expesed to aizborne c¢oncentrations of dioxane at oz
above the action level, +the s&xuposure of the employee helieved to
have the greates® exposure shall be measured. The exRposure
measurement shall be representative of the maxrimum exposure of the
employee.
IDENTIFICATION OF EXPOSED EMPLOYEES - If tlie exposure measurement
taken under pazagraph (¢){2) of this section revesals amployee
exposure to airborne concentrations of dioxane at or above the
action levéel, thé employer shall:

(i) Identify all employees who may be exuposed at or above
the action level: and
(i) Measure the exposure of the employees so ddentified.
EXPOSURE ~ ABOVE  THE ACTION LEVEL - Tf an énployes exposure
measureément reveals that an employee is exposed to . airxborne

concentrations of dioxane at oxr above the actieén level, but not

above the permissible exposure, the exposure of that emplovee shall

be measured at least esvery tweo months.
EXPOSURE ABOVE THE PERNMISSIBLE EXPOSURE - If an employee exposure
meagurement xeéveals that an amployee 1is exuposed to airbornée
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concentrations of diorane ahove the pe¥inissible eéexuposure,. the

employer shall:

(i3 Inform the employee of ths éxposure as required by para-~
graph (H)(1) of this section; .and _

(ii} Measure the exposure of the employee at least monthly; and

(iid) Institute control measures as reguited by paragraph (E) of
this section.

TERMINATION OF EXPOSURE MEASUREMENT - If two consecutive employee

exposure measureinents. taken at least one week apart reveal that the

employee 1is exposed to airborne goncentrations of dioxane helow the

action level, the employer may <términate measurement for the

enployee. ‘Fer purposes of +his subparagraph, use of respirators

shall not constitute raduction of employee e¥posure bhelow thé action

level.

METHODS OF MEASUREMENT - An employee's exposure shall be obtained by

any dombinsation of long term or short term samples which represents the
employee's actual exposure averaged over an eight hour woxk shift

(Appendix B {div)). The methed of measurement shall have an accuracy, to
a confidence level of 95%, of not less than that giveén in Table 1 bhelow.
Table 1
Concentration Required Rccuracy
Above permissible exposure Plus or Minus 25%
At 6r below permissihle exposure
and above ‘the action level Plus or Minus 35%
At or belouw the action level Plus or Minus 503
(e? Methods of Compliance
(1) Engineering contxaols — Mo employvee shall be exposed to dioxane ahove
the permissible limit as definad in paragraph (a)(1) of <this
section. Engineering and work practice controls shall be used to
reduce éexposure to diecxane to at ox helow the permissible exposure.
(il When mechanical ventilation is ‘used to control exposure,
measurements which ﬂemonstxate system efficiency (ftor
example: air velogity, statie pressure, or air volume) shall
be made at least every three months. HMeasurements of systen
efficiency shall also he made within five work davs of any
change in production, process or céntrel which wmight result
in a reduetion in controel.
€ii)d Where a dfan 1is located in duct work and where dioxane is
present in concentrations greater than 5000 ppm. one Fouxrth
of the lower flammable limit, the £an rotating element shall
consist of, or be lined with. nen-sparking wmaterial. There
shall be sufficient cleaxance Dbeétwean the fan zotating
glement and the fan ¢asing so as to prevent contact.
{iii) TIn the design of open surface tank ventilation for the
purposes of section 1910.94 (d), operations involving diowans
shall be classified as B-1 at 70 F.
(2) Respirators
(il Compliance m1th the permissible exposure may not be aghieved
by the use of respirators except:
a. During the time pariod nece551ry to install engineering

controls; orx
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h. In woxk situatiens in which engineéring controls are

technicdally not feasible; or

c. In woerk situations in which feasible engineering and
uwork practice con¥rols are insufficient to reduce
employees -exposurs to at or below the pexmissible
exposureé. Where technically Hfeasible engineering and

work practice controls ‘arxe not sufficient to reduce
exposure to at or below pexrmissible exposure, they shall
be used to reduce exposure to the lowdst level feasible;

or
a. For operaticns not exceeding 40 hours per year; or
e. In emerdencies,
(34 Respirators shall be jointly approved hy the mining enfoxce~

ment and safety administration (formerly Burxeau of Mines) and
by - the National Institute for Occupational Safety and Health
under the provisions of 30 CFR Part 11.

¢iii) Employers shall select and provide the appropriate respirator
from Table 2 and shall ensure that the employée uses the
respirator provided.

(iv) Emplovers shall institutée a respiratory protection program in
acdozrdance Wwith sections 1910.134(h), (d), (e), and (£),

TABLE 2 RESPIRRTORY PROTECTION FOR DIOXRHE

vVapor Concentration

Egqual to or léss Any supplied-air respirator with a
than 2000 ppm full facepiece, helmet or hood.
Anyg self~contained breathing apparatus
with a Full £acep1ece

Greater than 2000 ppm Self-contained breathing apparafus

or ‘escape and entry with a full facepiece operxated in

from unknown pressuré demand ot other positive pressure
concentratiéens mode .

A combination respirator which includes

a Type C supplied-air regpiratoxr with

a full facepiece operated in pressuze -

demand or c¢thér positive pressurée or continuous -
Flow wode and anh aukiliary self-contained breathing
apparatus operated in pressure demand

or othex positive pressure mode.

‘Fire Fighting Self-contained breathing apparatus
_— with a full facepiece operated in
pressure déemand or otheér positive-pressure
mode.
‘Escape Any gas mask providing protectien

against organi¢ vapors.

—
-
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Any éscape self-contained breathing
apparatus

lee and Safety

Employers shall familiarize thenselves with the information dontained in
the Substance Techniéal Guidelines for diowane which is contained in
Appendix B in oxder to ensure the safe handling and use of diowane.

{1

(29

(3)

(i)

(81

(62

{g)

1]

(G

(2)

Eleéctrical - For the purposes of compliance with section 1910.309,
locations classified as hazardous locations dus to the presence of
dioxahe shall be Class I Group C.

Pertable fire @xtinguishers - For the purposes of compliance mlth
sectlon 1810.157, dioxane is 013551£led as a Class B8 fire hazard.
Powered industrial +trucks - Foz the purposes of compliance with

sec¢tion 1910.178, locations classitfied as hamardous locations dua to
the presence of dioxane shall be Class T Group C.

Flamnmable liquids - For the burposes of coempliance with section

1910.106, liquid dioxane is c¢lassified as a Class I8  £lanmable
ligquid, Spray finishing operations shall be pexrformed in accordance
with sections 1910.107 and 19710.94 (ed . Dip tank oparatlons ‘shall
he performed in acéordance with sections 1910. 198 and 1910.94 (d).

Sources of dignition - Sources of ignition such as smoking or open

tlames are prohibited where dioxane is handled, used or stored in A
mannex so as to create a potenflal fire or ewplosion hagard.

Storage ~ Dioxrane shall be stored so as not to come in eontact with
strong oxidizers, moisture and heat. Stored Jlots of dioxane shall
be checked {for the presence of explosive peroxides. Dioxaneg
oontalnlng percrides may not he distilled to dryness.

Pexsonal Frotective Equipment

Skin Contact o

{1} Employers shall provide, and regquire employees to use.,
impervious c¢lothing, gloves, face shields (8- ~in¢h minimum)
and other appropriate protective c¢lothing necessary to

prevent repeated or prolenged &kin contact to liguid dioxane.
Face shields sliall comply with sec¢tion 1210.133Cal(s).

(ii) Employers sliall ENLSUre. that non-impervigus clothing
contaminated with ligquid dioxane be removed prompitly and not
reworn until the dioxane is removed from the clothlng

(iidi) Employers shall ensuxe that ¢lothing which bevomes wet with
llquld dioxane be remoived 1mmed11tely and not zeworn until
the dionane is removed from the clothlng

(iv) Employvers shall ensure that ¢lothing wet with liguid dioxane
is placed in closed containers for storage until it c¢an be
discarded or until the employer provides for the removal oFf
dioxana from the c¢lothing. If the c¢lething dis %o be
laundered or otherwise c¢leansd +to remove the. diorane, the
employer shqll inform the person performing the operation of
the hazardous properties of dioxane.

Eye Contact

(i} Employers shall provide, and requlre emplovees to use.,
splash rrocf safety goggles (qup-cover type dust and splash
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safety goggles), which comply with section 1910 133 (ad)(&),
: where eye contact to ligquid dioxane may oCouY .
(h> Spills
(1) Spills of dioxane shall be cleaned up immediately after eliminating
potential sources of ignition and utilizing avallable ventilation.
(2) Liquid dio¥ané may not be allowed to enter a confined spage, such as
a sewer, because of the possibility of an euplosion.
(il Sanitation
€1 Employers shall ensure that employees whose: skin hecomes
contamlnated with ligquid dioxane promptly wash or shouwer to remove
any dioxane £rom the sKin.
(2) Employvers shall ensure that employees do not eat or smoke in areas
where liquid dioxane is handled, processed ox stozed.
(3) Employers shall énsure that employees who handle liquid dioxane wash
their hands thoroughly with scap or mild detergent and water before
eating, smoking or using toilet facilities.

{iv) Employers shall ensure that clothing wet with liguid dioxane
is placed in ¢losed coentaihers For storage until it can be
discarded or until the employer provides for the removal of
dioxrane from the c¢lothing. If +the <¢lothing is +to bhe
laundered or otherxwise cleaned to remove the dioxransg, the
enployer shall inform +the rerson performing the oparation of
the hazardous properties of dioxanes.

(33 Training and Information - Each employer who has employees exposed.
to dioxane in excess of the action level, or employees who may have skin
oxr eye contact with liquid dionane, ox employees who work where
accidental release, spill, Fire, or explosion 6% dioxane may occux, shall
annually: _
{1) substance Bafety Data &Sheet ~ Inform each employee of the

information contained in the Substance Safety Data Sheet For

dicoxane, which is contalned in Appendix A; and
(2) Medical -

{I) ﬁdvise employeaes as to the signs and symptoms oFf exposure %o
diorane. _
(rxs Instrict the employees +to advise the employer of the

development of signs and symptoms of exposure to dioxane
which are listed in Appendix A&.
(3} Progedures -

tI Provide training to ensure that emplovees understand the
precautions of safe use, emergency procedures, and the
correet use of protective equipment relative to dioxane:

(II} The procedures —zrequired hy (jI(1), (27, and (3)(I) shall he

rrovided to emplovees at the axpense of the employer during
the empleoyee's normal working heurs.

(k) Medical Surveillance
(1) The employer shall provide medical vprocedurés as required by
paragraph (R). These procedures shall be provided at no cost +to the
employee.
(2) Preplacement Examination - The employax shall make availahle to each

.emﬁloyee uho 1is to be exposed +to liguid dicoxane or airborne
concentrations of dioxane at or above the action level or is at risk
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to skin exposure, a medical examination which shall include as a
minimum the following:

(i) A medical history and physical examination with emphasis on
the liver and Ridneys.
(ii) A profile of liver function.

(iii) Urinalysis to include specific gravity, albumin, glucose, and
a microscopic on centrifuged sediment.

The employer shall obtain from the physician, as a record of the

examination, the following information:

(i) The physician's written opinion stating whether or not the
employee has any detected medical conditions which would
place him at increased risk from exposure to dioxane.

(il A record of the results of liver function tests.

(iii) A recoxd of the results of urinalysis.
Periodic Examinations -~ The employer shall make available to each
employee, exposed to dioxane in excess of the' action * level at 12
months from the date of the employee's first exposure, and at every
12 months of exposure above the action level thereafter, a medical
examination which must include the following:

{3} A medical history and physical eramination (see (Kk)(2)(i) of
this section).
(ii) Tests of liver function (see (kK)(2)(ii) of this section).

(iii) Urinalysis (see (R)(2)(III) of this section).

The employer shall obtain from the physician, as a record of the

periodic examination, the following information:

(i) The physician's written opinion stating whether or not the
employee has any detected medical c¢onditions which would
place him at increased risk to further exposure to dioxane.

(ii) A record of the results of liver function tests.
(iii) A record of the results of urinalysis.
Exclusion or Removal from Exposure - No employee shall be exposed to

dioxane if such exposure could place the employee at increased risk
cf material 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 dioxane.

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

(i) A copy of this section with its Appendices A, B, and C;

(ii) A description of the employee's duties as they relate to his

exposure to dioxane;
(iii) A description of any personal protective equipment, including
respirators, required to be used;

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

(v) The employvee's anticipated exposure level; and

(vi) Upon request of the physician, information from previous

medical examination of the employvee.

Physician's Written Opinion

(i) The physician's written opinion shall be a signed statement
by the examining physician specifically stating:
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(&) UWhethexr the employee has any detected medical coenditions
whigh could be divectly or indirectly aggravated by

exposure to dioxana or which c¢ould significantly
interfere with the ability of the employes Lo follow
racommended or requized procedures for protecting

himself frem unusual or emergency exposure.

(B) Any zxecommended limitations on the employee's exposuzre
to diexane,

{C) The employee has been informed by the physician of any

detected medical conditions which require further
_ medical examination or tréatment.
(ii) The written opinion shall not zxeveal medical information
unrelated to éxposure to dioxane.
LRlternative Medieal Examinations - If +the examining physicidn

chooses to Uuse alternative medical examinations to those specified

in sections (2) and (4), the employer may acdept such alternative

medical surveillance examinations as meeting the requiremernts of
this part provided that the employerx: '

(;) Obtalns 2 statement <rom the examining physician setting
forth the alternative madical examinations and the rationale
for substitution and evidence that they Nlll be equally
effective.

(ii) Informs each exposed -employveep of the fact that alternative
medical exawminations to those required in sedtion (2) sr (1)
above are to be made available.

Refusal to he Medically Txamined -~ TIFf an employee refuses any

reguired medical examination, the employer shall inform the: employee

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

signed statemaent from the employee indicating that the -employee

understands the xisks involved by refusing to be examined.

Recordkéeping.

Initial determination.

(i) The employer shall KReep dn accurate regord of all initial
determinations reguired to be imade pursuant to paragraph
(c){1) of this szection. '

(ii) The zxregerd shall ineclude the written determination and any
supporting documentation as reguired in paragzaph (¢)(1) of

. this section. B

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

Exposure measursments.

(il The employer shall keep an accurate record of all measure-
ments taken to determine employee exposure to diomane.
(ii) This Yedord shall include:

(a) The date of measurement;

(b)Y A reference to the subparagraph of this regulation whié¢h
required the measurement, if any;

(¢) Operations dinvolving ewposure to diogané which is being
monitored;

{d) Sampling and .analytical iethods used and evidence of
their ac¢curacy: _

(e) HNumber, duratien, and results of samples taken;
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CE)

(iii) This

Hame, Social Security number, and euposure of the
employee monitored.
record shall be maintained wuntil replaced by a more

recent record but in no event fo6r less than one year,

ventilation.
mechanical Vventilation is used as an engineering

gontrol, the emplover shall maintain a redoxd of measurements
demonstrating the é&ffectiveness of such ventilation as

Mechanlcal

(i) When
requ

(ii) This.
(&)

{h)
. (e
(iii) ‘This

ired by paragraph (e)(1)(i) of this section.
record shall include:

Date of measurement;

Type of measurement taken;

Result of measurement.

redord shall be maintained foz at least one year.

Annual training.

(i) The

employexr shall Keep an accurate record of all amployee

training and advice required by paragraph (3j) of this
section.

{ii) The

a)
(b)
Cal

(idi) This

record shall include:

Date of txaining;

Hame and Boeial Security number of enpleyée trained;
Substance of tZaining provided.
record ghall e maintained until replaced by a more

recent récdord.

Medical xec
(i) The
empl

(ii) The
' tal
£
{c)
(dl
{e}

(1ii}) Thisg

enpl

(i) A1l
he m

oxrds.

employer shall Keep an accurate medical record for each
cyea .

record shall ineclude:

Results ok tests required in Sectioh (E)(3) and (¥)Y(5) of %h
Physician's written opinion;

Any employee medical cvompldaints relativeé to exposure to diox
A signed statement of any refusal to be examined;

R copy of indormation provided to the physician pursuant

to paragraph (K)(8) (ii) through (vi) of this section

record shall he maintained ‘for +the duration of the
oyment of the affected employee.

Access to records.

recordé. required to be maintained by this section shall
ade available upon request to authorized representatives

of the Assistant Seb:etary.and the Director.

(iid Employeae axposure measurement records reguired to be
maintained by this section shall be made available to
employer and former employees and their designated
representatives.

(iii) Empl

oyee medical records required to be maintained by this

section shall be made available upon written reguest to a

phys
Observation
Duty.

ieian designated by the employee or foxmex employee.

of monitoring.

The employer shall give affected empleyees or their :epresentatives
an gppertunity to observe any mgnitoring of employee exposure to

dioxane whi

ch is conduected pursusnt to this section.
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Exercise of opportunity to ohserve monitoring.

(i) Hhen observation of the monitering of employee exposire to
dioxane requirés entry into an areza where the use of personal
protective devices is zeguired, the ohserver shall use such
eégquipment &and cowply with all other applicable safety
procedures.

¢ii) Without interfering with the measurement, observers shall be
entitled to: _

{a}? Receive an explanation of the measurement precedures;
{b) Visually observe all steps related to the measurement of
exposure to dioxane that are Dbeing performed at ‘the
place of exposure. . '
(¢) Record the results obtained.
Employee notification.

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

employee whe is found to be exposed to dioxane above the permissible
eHpOsULre . The employee shall also be notified of thée level of his

exposure and gorredtive action being taken to reduce the exposure to

at or below the permissible BeXposure.

Pursuant to paragraph (k) of +this Seé¢tion, 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 R

SUBSTANCE SAFETY DATAR SHEET

SUBSTANCE IDENTIFICATION

SUBSTANCE: Dioxane (Diethylene Dioxide)
PERMISSIBLE EYPOSURE: 160 paxts of diorane per million parts of air

(ppm) ox 360 milligrams of diowans per cubic meter of air (mg/cu m)

APPEARANCE AND ODOR: Colorless liguid with a mild ethexr-1ike odox

IT.

IIT.

HEALTH HAZARD DATA

Ways in Which the Chemical AEffects Youx Body: Dioxane can affact
your heody if you inhale it ox iIf it comes in contact with your eves
ex: skin, or if you suallow it. It may enter your body through the

skin.

Effects of Overexposure:

1. Overexposure +to dioxane may c¢ause irritation of the eves.
nbse and threat. It may alse <cause drowsiness, di%ziness,
loss of appetitie, headsche, nausea and vomiting, stomach
pain and livex and kidney damage. Prolonged skin exposure %o
the liquid may cause drying and cracking.

2. Reporting Signs and Symptoms?® You should inform youx
employer if you develep any signs or symptoms associated with
dioxane expoesure.

EMERGENCY FIKST AID PROCEDURES

Eye Exposure: It dioxane gets into vour eyes, wash the eyes
immediately with large amocunts ¢f waterxr, liftiﬁg the louwer and upper
lids occasionally. If irritation persists after washing get medical
attention. Contact lenses should not be worn when working with this
chemical.

Skin Exposure: If diowxane gets on your skin., prombtly wash tha
contaminated skin with mwnater. If diokane soaks +through your
elothing, remove ‘the c¢lothing immediately and ash the skin with
water. If irritation pexsists after washing get medical attention.
Do mnot wear the clothing again until +the dioxane is xemoved_
Replace or repair impervious ¢lothing that has developed leaks.

Breathing: If you or any other person breathes in large amounts of
dioxane remove the expeosed person to freslh air at once. If
breathing has stopped, pérform artificial respiration. Keep the
affected pverson uwmarm and at rest. Get medical attention as soon as

possible.
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Swallowing: When diexans has been swallowed get nedical attention
immediately., Xf medic¢al attention is rnot immediately availalble get
the affected person toe vemit by having him touch the back of the
throat with his fingex ox by giving him large amounts (one pint or
mere) of warim salt watexr {(twoe tahlespoons of salt per pint of
watarl. Do not make an ungconscious person vomit,

Rescue: . Move affected person from the hamardous exposure. If the
exposed person has been overcome, notify someéone else and put dinto
effect the established emergency rescue précedures. Do not bécome a

‘casualty yourself. Understand your emergency rescue procedures and

know the lecations of the equipment before the need arises.

RESPTRATORS AND PROTECTIVE CLOTHING

RESPIRATORS: Respirators are not the best way to control exposure to
dioxane. You can only be reqguired to wear them for routine use if
your employer is in the process of installing controls ox if control
neasures prove inadeguate. You may be xequired to wear respirators
for non-routine activities or in emgrgencies. T#f respirators are
WOLM, they must have a Mining Enforcement and Safety Administration
(MESA)/Mational Institute for Occupational Safety and Health {(NICZH)
approval label. (0lder respirators wmay have a Bureau of Mines
approval label.) For eiféctive protection, respirators must it
vour face and head snugly. Respirators should not be lcoosenad or
removed 1in woxrk situations uwlhere there use is required. I£f you can
smell dioxane while wearing a respirator, the respirator is not
working correctliy; ge immediately to fresh air. If you experience
difficulty breathing while wearing a respirator, tell your employer.
PROTECTIVE CLOTHING: You must wear impervious clothing, gloves,

face shisld or other appropriate protective c¢lothing +to prevent

repeated or proelonged skin contacgt with ligquid dioxane.

EYE PROTEGCTION: You must wear splash~proof saiety goggles (cup-
cover type dust and splash safety goggles) where ‘eyée contact with
ligquid dioxane may occcur.,

PRECAUTIONS FOR SAFE USE, HANDLING AND STORAGE

Diorane is -a £lammable liguid and its vapor easily forms explosive
migtures with air.

Dioxane must be stored in tightly closed containezs in a cool, well
ventilated area away irom heat, sparks, flames, moisture, and strong
oxidizers. _ - .

Sources of ignition such as smoking and oben Flames are prohibited
wheréver dioxane is% handled, used or stored in =a mannexr “that could
create a po¥ential fire or explosion hazard.

You must wuse non-spaxking tools when opening or closing metal
containers of dioxrane, and containers must he bonded and grounded
when pouring or transferring liguid dioxane.

If your skin becomes contaminated with liguid dioxane, you must
promptly-uaSh_ox-shomer to remeve the dioxane From veou skin.

Clothing wet with dioxane ¢an be easily 1gn1ted You musk
immediately remove any clothing that becomes wet with liguid dioxane
and +%this clothing mist not be reworn until the dioxane is removed

from tThe ¢lothing.
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You must not eat or smoke in areas where liquid dioxane is handled,
processed or stored. B

If you handle 1ligquid dioxane, you must Wwash your hands thoroughly
with scap or mild detergent and water hefore eating, smoking ox
using toilet facilities. '

Fire ‘eitinguisliers, iwheézre provided, must be readily available and
you should Kknow where they are and how to operate them. o
Ask youtr supervisor where dioxane is used in your work arxrea and for
any additional plant safety and health rules.
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APPENDIYX B

SUBSTANCE TECHNICAL GUIDELIMNES
DIOXANE

PHYSICAL AND CHEMICGAL DATA
SBubstance Identification

Synonyms: Diethylene dioxide; diethylene ether; dioxan;
p-dioxrane; 1,4-dioxane

Formula: OCH2CH2QCH2CH2

Molecular weight: 88

hysmcal Data

Boiling point {760 mm Hg): 101 C (294 F)
Specific gravity (water=1): 1.03
Vapor density (air=1 at beiling point of diowxane): 3.0

Melting point: 1.8 C (53 F3}

Vapor pressure at 20 € (68 F): 29 mm Hg

Solubility in water, % by weight at 20 ¢ (68 F): Miscible
in all proportions

Evaporation rate (butyl acetate=1): 2.7

Appearance and odoxr: €élorless liguid with a mild ether-like

o d oY

EXPLOSTON AMD REACIIVITY HAZARD DATA

Flash point: 12 C (5% F) (closed cup)

Autoignition temperature: 180 ¢ (356 F)

Flammable limits in air, % by volume: Tower: 2.0; Uppar: 22.0
Extinguishing media: dxzy chemical, alcohol foan,

carbon dioxide

Special fire-fighting procedures: Do not usé a solid strean

of water since the stream will scatter and spread the fire.

Use water spray to cool containers exposed to a fire.

Unusual £ire ahd explosion hazards: Diowane is a flammable

ligquid. Tts vapoxrs can easily form explosive mixtures wuwith
air. All ignition souzrces must be controlled whers dioxane
is handled, used ox stored. Dioxane vapors are hesvier +than

air and may travel along the ground and he ignited by open
flames or. sparks at locvations remote from the slte at whlch
dioxane is handled.

For purposes of conforming with the requirements of 29 CFR
1910.106, dioxane is c¢lassified as a Class I8 flammable
liguid. At 5000 vppm, eone-fourth of the lower flammable
limit, dioxane is considered +to be a vpotential £fire and
explosion hazard. '

For purposes of c¢omplying with 29 CFR 1910.309, +the
dlasgification of hazardous locations as described in Rrticle
500 of the National FEleectrical Code for dioxane shall he
Class I Group C. '

Reactivity
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1. Conditions contributing to dinstability: Heat, long exposure
to moisture.

2. Incompatibilities: Contact with strong oxidizing agents may
cause fire and explosiols.

2, Hazardous decomnposition products: Toxic gases and vapors
(such as caxbon monoxide) may bhe released in a fire involving
diosane. '

4. Spécial precautions: Dioxane is hygroscopic and will produce
peroxideés in the presence of moisture. Dioxane containing

peroxides should net he distilled to dryness because of the
potential explosion of non-veolatile peroxides.

SPILL, LEAK AND DISPOSAL PROCEDURES

If diozane is spilled ox Jleaked, +the following steps should bhe
taken: '

1. Remove all ignition sources

2. ventilate area of spill or leak

3, For small gquantities, absorb on paper towels. Evaporate in a
safe plage (such as a fume hoeod). Allow sufficient time for
vapers to completely <¢lear hood duct werk, then burn the
paper. Large guantities can be collected and atomized in a
suitable c¢ombustion <chambér. Dioxane may not bhe alloiued to

enter a contined space, such as =a sewexr, because of the

possibility of an euplosien.
Persons mnot wearihy protective egquipment should be restricted from
areas of spills or leaks until cleanup has been completed.
Haste disposal methods:
Dioxane may he dlsposed of by atomizing in a suitahle combustion
chamber.
MONITOQRING AND MEARSUREMENT PROCEDURES
EXPOSURE ABOVE THE ACTION LEVEL: IMeasurements taken For the purpose
of determining eémployee exposure undex this sectlon are best taken
such that the average eight-hour erposure may be determined from a
single eight-hour sample or two (2) Y-hour samples. Short term
intexrval samples (up to 30 minutes) may also he used to determine
average eXposure level if a minimum of Five (5} measurements axe
taken in a randem manner cver the eight~hour work shift. Randon
sampling means that any portion of +the work shift has the sane
chance of being sampled as any other. The arithmetic average of all
such xandom equal duration samples taken on one (1) work shift is an
estimate of an employee's average level of exposure for that work
shift. Rir samples should be taken in the employee's breqthlng Zonea
(air that would most nearly represent that inhaled by the emploves).
Sampling and analyses may he performed by instruments such as
detector tubes certified by HNHIOSH under 42 CFR Part 84, portahle
direct-reading instrunients, gas and wvapotr adsorption tubes with
subsequent chemical analyses or dosineters. The method of
measurement must determine the concentration of dioxrane to plus ox

minus 35%. _ _ _
EXPOSURE ABOVE THE PERMISSIBLE EXPOSURE: The monitoring under this

section should be essentially thée same as desc¢ribed under pardgzraph
Iv. a. Laboratories vperforming chewical analyses should he
accredited in Industrial Hygiéne Chémistry hy the American
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Industrial Hygiene Association (ATHA). The method of meﬁSurement
must determine the concéntration of dioxane to plus or minus 25%.
Methods meeting these acturacy requirements are available from

HIOSH.

V. MISCELLANEOUS PRECAUTIONS

A Store dioxane in tightly «<«losed containers in a c¢ool, well-
ventilated area. '

B. . High exposures to dioxane can og¢euxr when transferring the liguid
from one container to another. '

c. Non-sparking toels must be used to open and e¢lose metal dioxane
¢ontainers. These containers nust be effectively grounded and
bonded prioxr to pouring.

D. Didgxane in storage mwmust be checked #For peroxide content in
accordance with manufacturers' zecommendations.

E. Employers must advise enployees of all plant areas and operatlons

where exposure to dioxane could ccour.

VI, COMHDH UPERBRTIONS

Commoen operations din which exposure to dioxane is Likely to ceocur are:
its use as a solvent for resin-baseid varnishes, lacgquers, paints, £fats,
oils, WaAXES, greases, revins; its use as a solvent in the pulping of
wood; 1ts use as a wetting agent and degreaser; in the formulation and
‘use of paint and varnish zremovers; its use in the preparation of
cosemetics, deodoxrants and detergents; and its use in purifying drugs.
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APPENDIX C - MEDICAL SURVEILLANCE GUIDELINES

ROUTE OF ENTRY

Inhalaticon; sXin absorption.

IX. TOXICOLOGY

Dioxane vapor 1s a mucous membrane ixritant, and on prolonged exposure is
toxic to the liver and kidneys. Repaated exposure of several animal
species to 1,000 ppm producéd damage to Kidneys and liver and the
repeated inhalation of 8060 ppm over 30 days resulted in fatal Kidney
injury in some rabbits. Human velunteers exposed for 15 minutes to 300
ppm reported mild transient irritation of +the eyes, nose and throat.
There is significant absorption of the liguid through the skin, adding to
the inhalation hazard. Prolonged or repeated skin contact may also
result in dzying and c¢rackiny due to defatting awctiocn, Fatal
intoxication due to liver necrosis and severe Xidney damage has been
reported in wWorkers after two months of heavy expesure to didéxane vapor;
the onset of poisoning iras iarked by drowsiness and headache, mnausea,
vomiting and irritation of the eyes and respiratory passages. In another
fatal c¢ase there was significant damage to the brain as uell as to liver
and Kidney. Due to its mild odor, serious or fatal exposures have been
experienced wilthout Forewarning. Tumozrs of the nose, liver, and lungs
have bheen reported in animals following ingestion of high concentrations
of dioxane. Immersion of chick embryoes in digwxané has been reported to
cause possible mutogenic &ffects. The significdance of these findings in
humans is unknoun.

IIT. STGNS AND SYMPTOMS

Drowsiness and headache; nausea and vomiting; irritation of the eyes,
nose and threat; prolonged heavy exposurse may produce liver damage and
renal fajlure; skin irritation.

Iv. SPECIAL TESTS

Hone in common usage.
TREATMENT
Remove from ekposure. Flush eyes with water and wash skin with soap and

water. If sualldéwed and the person is conseious, inducde vomiting. Give
Artificial resuscitation if indicated:

-y, SURVEILLANCE AND PREVENTIVE COKSIDERATIONS

1l

R. GENERAL
Most repoxrited effects of dioxane are caused by its ixritant effedt
on mucous membranes, and on prolongsd heavy exposure, by its serious
toxie effects on dliver and kidneys. Tumors and mutogehic effects
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have been reported in animals. It is important that +the physician
becomes familiar with plant operating conditions in which exposure
to diowane occurs. Those with skin disease may not tolerate the
wearing of protective clothing and those with chronie respiratory
disease may not tolerate +the wearing of negative pressure
respirators.

B. PREPLACEMENT

The following medical procedures must be made available to each
employee wheo is enposed to dioxane:

1. A complete history and physical examination -- The purpose is
to detect preexisting cenditions that wmight place the eunposed
employee at increased risk, and to establish a baseline for
future health monitoring. Examination of liver and kidneys
should be stressed. The skin should he examined for evidence
6f ¢hronic disorders.

2. Liver dfunction tests -- Dioxane may cause liver damage. A
prqiile of liver functien shall be obtained by wutilizing &
nedically acceptable array of biedhemical +tests.

3. Urinalysis —-- Since kidney damage has also heen olbserved from
exposure, a urinalysis shall be obtained to idinclude at a
minimum specifie gravity, albumin, glucese, and a microscopic
on centrifuged sediment.

c. PERIODIC EXAMINATIONS
The above medical examinations are to be répeated on an

annual basis.

References

1. American Conference of Governmental Industrial Hygienists:
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REFERENGES AND SOURCES

DIOXANE
1210.63
1d) Metheds of Compliance - Open surface tank classification based on
relatiue evaporation rate of 2.5 hours. B. H. Doolittle, "The Tethholsy
of Solvents and Plasticizers"™, John Wiley & Sons, Ind.,
_ Kew Yoxk, 1954, pp. 354-357.
{e) Fire and Safety
(1) Electrical - Classification basad on "Fire Hazard Classification
of Chemical Vapors Relative ‘to Explosion-proof Electrical Equip-
ment," H. Carhaxt et al, National Acadeny oi S¢iences, 1973,
report to U. 8. Coast Guard, report No. €G-D-92-74, p. 13.
(£) Personal Protective Equipment, and, (h) Sanitation
Eye: Unien Carbide Toxicology Study; Patty, "Ind. Hyg. and Tox.";
Grant, "Toxicology of the Eye™
Skin* Deocumentation e¢f TLV'g; Union Carbide Touicology Study; and
Patty, "Ind. Hyg. and Tox."
Ingestion: Documentation of TLV's; Union Carhide Toxicolegy Study;
Patty, "Ind. Hyg. and Tox."; and PHS-14Q, "Survey of Compounds
Which Have Been Tested for Carc;nogenlc Letivity"
COMMENTS _ _
Eye - Classification: 2
Output statewént numbers: 10
Exceptions: HNone

Union Caxrbide xeports that "one average- sized drop of

the chemieal causes burns in the rabbit eye while a small
dr091et, as from a fine spray, causes miner injury.

Patty notes that the liguid is painful and 1xr1tat1ng

to the eye. Grant, in summazizing the work of others,
states that, "dioxane has csdused no serious disturbances
by external contact with the eye. In human heings, irritation

of the eye is noted only at concentrations greater %han
220 ppm of vapor in aixr, and testing by drop appllcatlon
on rabbit corneas causes mild txanSLEnt injury, graded %4 on
a scale of 1 to 10 =sftex 24 houzs.
Basef on Grant's statement ‘that any injury caused is transie

_ a 013551£1cat10n of 2 is c¢oncluded to he appropxlate

Skin - Classification: 2
output statemert numbers: 2, 17¢ and 21 combined, 17i, 20a
Erveptions: 7 deleted hecauss of evaporation rate,

' 17 substituted f£or 16 -

The Documentation of TLV's's has the netation "skin" after
the name of the chemical because one of its sources
indicated that "there was a possibility of skin absorption.™
Union Carbide gives .a rabbit skin penetration LD50 of
7.6 mlszkg. It is noted that "the undiluted chemical
caused ne reaegtion o6n the tendex skin of the rabbit helly
greater than a faint redness of short duration.™ Patty
reports that it is "irritating to the skin upon prolonged
ox repeated contact, and can be absorbed through the skin
in towic ameounts.® It is noted that repeated topical
applications have caused liver and RKidney injury in rabbits
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and guinea pigs.

Dioxane has a vapor. pressure of 29 mn Hg at 20 degrees C. ]
Ads mlsclhle in all proportions with water and has a £lash point ¢
54 degrees F,

A classification of 2 is conecluded to be sufficient to Preve
lec¢al &and systemic effects from skin contact. To be noted is ths
though the substance can be absorbed through intact skin in towmic
amounts, the skin penetration LD50 suggests that it is not rapidl

absorbed.
Ingestion -~ Classification: 1
' Qutput statement numbers: 19, 20a
Ezceptions: None

Documentation of TLV's reports "that dogs given dioxane
orally over a pexiod of 9 days died after a total consump-~
tion of about 3 g/kgy, with severe liver and Kidney _
damage.” Union Carbide gives an acute cral rat LD50 of
7.12 g-Rg and notes that isopropyl alcohol is more toric.
Spector gives the above LDBO plus others for rats., guinaa
pigs, .and rabbits which range frowm 2,17 ~ 6.0 gs/kg. Patty

considers it low in single-dose oral toxicity. PHS—149
gives the results of long~term Ffeeding studies with rats
given swall amounts in their dzinking watex. Total

deses of slightly moré than 100 grams adm;nlstaxed overx
1 to 1.5 years produced carcinegenic activity.
The possible carcinogenicity of this substanceé leads to the
conclusion that a c¢lassification of 1 is warranted.
RESPIRATOR TARLE DOCUMENTATION

SUBSTANCE: Dioxnane {diethylena dicuide)

D. 0.

STANDARD: 10¢ ppm

WARNING PROPERTIES: |
Cder Threshold: Summer réports an odor threshold of 170 ppm; Staub reports

2.7 and 170 ppm.

Eye Ixritation Level: Grant states that "in human beéings, irritation of the

eye is noted only concentrations greatex than 220 ppm of vapoxr in &iz.
Patty states that at 300 ppm, dickane "caused irritation of the eyes,
nose, and throat; and at 500 ppm, it was objectionable. Even at highexz
concentrations, the initial. 1xr1tatlon to eyes and respiratory passages
is transitory . . ."

Evaluation of Warning Properties: Patty states that the 1n1tlal irritation

—TIDLH:

produced by exposure to dioxane is transitory and that the "warning
propertles of dioxane are completely inadegquaté to prevent exposure to t
amounts., The AIHA Hygienic Guides alse note that "the vapor has Poor
warning properties and ecdn be inhaled in amcunt which may cause seriocus
intoxication or death with injury of the liver and kidneys. Foxr the
purposes of this standard, gas sorbent respiratory eguipment is not
rexmitted.

2000 ppm

Basis for IDLH Value: Based upen the acute inhalation togicity information g

by the AIHA Hygieniec GUides in which a letahl concentration of 1000 - 30
for three hours is reported for guinea pigs, and upon the lethal concent
of 2085 ppm for mice (8 hys.) reported hy Spectoer, an IDLH of 200C ppm i
assumed, Since theé Documentation of TLV's states that guinea pigs "coul
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teolerate 2000 ppm for several hours without ‘serious symptoms, " exposure
humans to 2000 ppm for a half-hour probably would not impede escape or
cause any irreversible health effecgts.

Other Toxicological Information: Patty states that "Yant et al. exposed guin

Animal

Mouse
Mouse

Mouse

—
-

Rat
Rat

Guinea

Guinea

pigs for 3 hours to concentrations of from 1000 +o 30, 000 ppn. Gross
exposed rats, mice, guinea pigs, and rabbits for § hours +to concentratio
ranging from 4000 to 11,000 ppm. At the higher concentrations, marled
irritation of the mugous nembranes uas apparent. Deaths occuxring durin
exposure or shortly afterwards were usually due to respiratory Failure
because of lung edema, but the animals alse exhibited congestién of the
braln Delayved deaths were usually due to pheumonia. Liver and Kidney
injuries uwere almost always apparent upon micreoscopic ekamination in ani

'dylng days aftar exposure and in thosp apparently recovering if they uer

killed several days aftéer exposure.

The ATHA Hygienic¢ Guides state that “animal studies suggest that
single exposure to less than 1000 ppm for a pexriced not over one—half hou
would bhe rel1fively safe, One and-one hdalf hour exposures to 1, 600 ppm-
repewted twice daily for five to sixty~seven ueeks produced severe liver
kidney injuxy, but no deaths in several animal species. (Thea?Y atmospher
¢encentrations imiiediately hazardous to life {is) not Known for humans.
A 51ngle three —hour esxposure to 30,000 ppm (near saturation) is Ffatal to
animals.

Accordlng te the Chemical Company Guides of Union Caxbide Corpozxra

"hreathing a concentratlon of vapoers at 4000 parts pex million in air fo
four hours was not £atal to siwx animals (rats). Repeated hreathing of ¢
concentration, seven hours a day for thirty days, was not fatal *to twent
rats so exposed. A concentration of 8,000 parts per million killed
eighteen rats exposed for the same rerioed of time.

Brouning gives lethal eoncentrations by inhalation "for guinea pi
1000 - 3000 ppm for 34 oFf morse; mice, 8000 ppm; cats, 10,900 ppm (death
sometimes delayed foxr several days): for mice, rats, guinea pigs and zab
0G0 - 11000 ppm."™

Acdcoxding to the Documentation of the TLV's, "Yant and associates
found that guinea pigs could tolerate 2000 ppm for several houts without
serious symptoms . . . . PFairley et al. found that animals survived
exposures of 2000 ppm foxr thzée hours a day up to a total of 100 hours,
but that even 1000 ppm caused injury to kidneys and liver . . . . The
TLV of 100 ppm is believed to be low enough to prevent systemic poeisonin

Spector gives the folleuing 1nformat10n goncerning animal exposur
to diorane:

Concentration Exposure Time oif

Dosa pPPpm time death

LC 2085 & hr 21 172

Lc 10,000 Cont ‘2 hx

Lc 5000 Cont 3-51 hzx
LC 10,0090 Cont 3-10 17
Lc 5000 Cont 9-15 hre
Fig LC 10,000 Cont 3-7 172

Pig Le 5000 Cont 43.5 hr
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Rabbit LC 5000 Cont

Cat LC 18,0600 258 wmin

LFL: 20,000 Bpm
VAPOR PRESSURE AT 20 ¢: 29 mm Hg

SATURATED CONCENTRATION AT 20 C: Approximately 38,200 ppm

16.5 hz
4-5 da
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USE/EXPOSURE AND CONTROL DOCUMENT

DIOXANE
Principal Route

UsesExposure of Entry
Inhalation of vapor during A
spray application of

natural and synthetic

resin—-hased wvarnishes,

laéguers, and paints

Inhalation of vapor A
during application of

natural and synthetic

regin-lbased varnishes,
lagquers, and paints

by dipping, tollerx

coating; tumbling,

knifing ox bzushing

Inhalation of vapor and AB,D
skin contacdt with liguid

during cleaning anad

maintenance of dicoxansa
processing eguipment such
as reactors and storage
vessels

Inhalation of vapor and A,B,D

skin contact with liquid
during usé as a solvent
for #fats and oils, waxes,

greases, natural raesins

such as ecellulosics
(suxface coatings and
adhesives), and synthetic

resins such as polycarbonate,

polyvinyl chloride,
polyvinyl acetate, acetate
butyzate, and epoxnies
(surface coating; adhesives

ard structuzral components)

Inhalation of vapor and R,B,D
skin contact with liguid

during use as a watting agent
in tertile processing, dye

haths, and stain and

printing cempositions

Inhalation of vapor and skin E,B.,D

Currently Used
Contreol Methods

Process enc¢losuke; local
exhaust ventilation; gene-
ral dilution ventilation:;
personal protective esguip-
ment (respiratory protec-—
tive devides)

Locdal exhaust ventilation;

- general dilution ventila-
tion; persconal protective .

eguipment (respiratory
protective devices?

Personal protective equip-
ment (respiratory protec-
tive deviees, gloves,
aprons, eye gbggles)

Local exhaust ventilation;
general dilution ventila-
tioni personal protective
equipment (respiratcry
protective devices, gloves
aprons, aye goggles)

Local exhaust ventilation
general dilution ventila-
tion; personal protesctive
equipnent {(respiratory pro
tective devices, gloves,
aproens.:. eve goggles)

Local ewhaust ventilations
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contac¢t with liguid during
use of varnish, lagguer, and
paint removers

Inhalation of vapor during
alxr ox oven drying of
natiirzal and synthetic
resin-based varnishes,
lacguers, and paints

Inhalation of vapor and
skin contact with liguid
when used as a degreaser

Inhalation of vapor and
when used as a dehydrating
agent in the preparation
of histological slides

Inhalation of vapor and skin
contact with liguid when
used during the manufacture
of detergents and otherx
¢leaning preparations

Inhalation ¢%£ vapor and
skin cotitact with ligquid
when used in the manu-
facdture of polishing
compounds

Inhalation of vapor and

skin contact with liquid

when used as a solvent
in the pulping of wood

Inhalation of vapor and

sKin contact with ligquid

when used in the manufaé¢ture
of polishing compounds

Inhalation of vapoxr and
skin contact with liguid

L,B,D

general dilution ventila-~
tion; personal protective
ggquipment (respizatory prec
tecgtive devices, gloves,
aprons, eye goggles)

Local exhaust ventilation;
general dilution ventila-
tion

Local exhaust ventilation;
genexral dilution ventila-
tion; personal protective
equipment (respiratory
protective devices, gloves
aprohs, eye goggles)

Local exhaust ventilation

Local exhaust ventilation;
general dilution ventila-
tion; personal protective
devices, glovés, aprons,

eye goggles)

Local exrhaust ventilation;
general dilution ventila-

tion; personal protective

equipment (respiratory pro
tective devieces, gloves,
aprons, eye goggleés)

Local exhaust ventilation;
general dilution ventila-
tion; personal protective
deviees, gloves, aprons,
eye goggles)

Loeal exhaust ventilation:
general dilution ventilati
pexrsonal protective egquip-
ment (respiratory protecti
devices, gloves, aprons,
eve goggles)

Lo¢al éwhaust ventilation;
general dilution ventila-—
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when used as a stabilizer
foxr ¢hlorinated selvents

Inhalatien of vapor and
sKin centaet with liquid
when used in the pre-
parationi of ceosmetics
and deocdorants

Inhalation of vapor and
skin contact with ligquid
when used to purify drigs
such as asprin by
recrystallizgation

Inhalation of vapor and A,B,D
skin econtact with liquid

during use as a working

fluid f£oir seintillation

counter samples

A -~ Inhalation

tioeni personal protective
egquipment (respiratory
rrotective devices, gloves
aprons, eyve goggles)

Local exhaust ventilation;
general dilution ventilati
personal protedative equip-
ment (respiratory protect;
devices, gleves, aprons,
eye goggles)

Loeal exhaust ventilation;
general dilution wventila-
tion; personal protective
equipment (respiratory
protective dévices; glovas
aprons; eye goggles)

General dilution ventila-
tion; personal protective
equipment (gloves, eye
goggles)

B -- Skin c¢ontact resulting in
localized irxritation

C —-- Ingestiom

D -~ 8Kin ¢contact resulting in
absorption and subsequent
systemic peisoning



