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The basic text of this document <c¢ontains the draft technical standard
approved by the Joint Review Committee of the HNIOSH/0SHR Standards
Completion Program and the supporting documentation for the substance ETHYL
FORMATE.

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

The References and Sources, Respirator Table Documentation and Use/Exposure
and Control Documentation are the working documents used by the various SCP
working groups during the development of the draft technical standard and
serve as the technical foundation for the standard. The c¢lassification for
2ach substance and the regulatory statements were derived following a
decision logic established for the various sections of the standard.
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DEFINITIONS

PERMISSIBLE EXPOSURE - T"Permissible Exposure"™ means inhalation of
ethyl formate in concentrations not in excess of 100 parts perx
million (ppm) (300 milligrams per cubic meter, mg/cu.m.) averaged

over an eight hour work shift, as stated in section 1910.93, Table
G=ik -

ACTION LEVEL - "Action Level"™ means one half (1/2) of +the
permissible exposure for ethyl formate.

EMPLOYEE INFORMATION - Each employer who has a worKkplace in which

ethyl formate is present shall:
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te)
(1)

(2)

(3)

4)

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

PRESENCE OF ETHYL FORMATE - Inform affected employees of the
gquantity, location, and manner of use or storage of ethyl formate.
EXPOSURE MEASUREMENT

INITIAL DETERMINATION - Each employer who has a place of employment
in which ethyl formate is released into the workplace air shall
determine if any employee may be exposed to airborne concentrations
of ethyl formate at or above the action 1level. The detexmination
shall be made each time there is a change in production, process, ox
control measures which c¢ould zresult in an increase in airborne

concentrations of ethyl formate. A wuritten determination shall be

made and it shall contain at least the following information:

) Any information, observations, or calculations which would
indicate employee exposure to ethyl formate;

£3a) Any measurements of airborne concentrations of ethyl formate
taken;

(iii) Any employee complaints of symptoms which may be attributable
to exnposure to ethyl formate; and

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

INITIAL EXPOSURE MEASUREMENT - If the employer determines that any

employee may be exposed to airborne concentrations of ethyl formate

at ox 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

emplovee.

INDENTIFICATION OF EXPOSED EMPLOYEES - If the exposure measurement

taken under paragraph (¢)(2) of this section zreveals employee

exposure to airborne concentrations of ethyl formate at or above the

action lewvel, the employer shall:

(i) Identify all employees who may be exposed at or above
the action level; and
tii)d Measure the exposure of the employees so identified.
EXPOSURE ABOVE THE ACTION LEVEL - TIf an employee exposure
measurement reveals that an employee is exposed to alrbozrne

concentrations of ethyl <formate at or above the action level, but
not above the permissible exposure, the exposure of that employvee
shall be measured at least every two months.
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EXPOSURE ABOVE THE PERMISSIBLE EXPOSURE - If an employee exposure
measurement reveals that an employee is exposed to airborne
concentrations of ethyl formate above the permissible exposure, the
employer shall:

g Inform the employee of the exposure as required by para-
graph (N)(1) of this section; and
(ii) lMeasure the exposure of the employee at least monthly; and

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

TERMINATION OF EXPOSURE MEASUREMENT - If two consecutive employee
exposure measurements taken at least one week apart reveal that the
employee 1is exposed to airborne <concentrations of ethyl formate
below the action level, the employer may terminate measurement Ffor
the employee. For purposes of this subparagraph, use of respirators
shall not constitute reduction of employee exposure below the action
level.

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

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

(Appendin B (ivd)). The method of measurement shall have an accuracy, to
a confidence level of 954, of not less than that given in Table 1 belou.
Table 1
Concentration Required Accuracy
Above permissible exposure Plus or Minus 25%
At or below permissible exposure
and above the action level Plus or Minus 357%
At or below the action level Plus or Minus 50%
(e) Methods of Compliance
(1) Engineexing controls - No employee shall be exposed to ethyl formate
above the permissible limit as defined in paragraph (a)(1) of this
section. Engineering and worxrk practice controls shall be used to

(2)

reduce exposure to ethyl formate to at or below the permissible

exXposure.

(i) When mechanical wventilation is wused +to control exposure,
measurements which demonstrate system efficiency (forx
example: air velocity, static pressure, or air volume) shall
be made at least every three months. IMeasurements of systen
efficiency shall also be made within five work days of any
change in production, process or contrel which might zresult
in a reduction in control.

(ii) In +the design of open surface tank ventilation for the
purposes of compliance with ' section 1910.94(d), operations
invelving ethyl formate shall be c¢lassified as B-1 at 70 F.

(iii) HWhere a fan is located in duct work and where ethyl formate
is present in «c¢oncentrations greater than 7000 ppm, one
fourth of the lower flammable limit, the fan rotating element
shall consist of, or be lined with nonsparking material.
Thexe shall be sufficient clearance between the fan rotating
element and the fan casing so as to prevent contact.

Respirators

(1l 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; or

(e) In woxrk situations in which feasible engineering and

worKk practice c¢ontrols are insufficient to reduce
employees exposure to at or below +the permissible
exXxposure. Where technically feasible engineexring 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 emergencies.

£5:4) 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
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 employee uses +the
respirator provided.

(iv) Employers shall institute a respiratory protection program in
accordance with sections 1910.134(b),(d),(e),(£f) and (g).

TABLE 2. RESPIRATORY PROTECTIOMN FOR ETHYL FORMATE

Condition Permissible Respiratory Protection

Concentration of Vapor

Equal to or less
than 1000 ppm organic¢ vapor cartridge(s).

Equal to or less

than 5000 ppm organic vapor canister.
Any supplied-air respirator with a full facepiece, helmet
or hood.
Any self-contained breathing apparatus with a full face-
piece.
Greater than Self-contained breathing apparatus with a full facepiece
5000 ppm or operated in pressure-demand (positive pressure) mode
==Entry and Escape A combination respirator which includes a Type C supplied
from UnKknoun air respirator with a full facepiece operated in pressure-

Concentrations
auxiliary self-contained air supply operated in pressure-
demand mode.
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Fire Fighting Self-contained breathing apparatus with a full facepiece
operated in pressure-demand or continuous flow mode.

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

(£) Fire and Safety - Employers shall familiarize themselves with the
information contained in the Substance Technical Guidelines for ethyl
formate which is contained in Appendix B in order to ensure the safe
handling and use of ethyl formate.

(1) Electrical - For the purposes of compliance with section 1910.309,
locations c¢lassified as hazardous locations due to the presence of
ethyl formate shall be Class I Group D.

(2) Poxrtable <f£ire extinguishers - For the purposes of compliance with
section 1910.157, ethyl formate is classified as a Class B fire
hazarxd.

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

section 1910.178, locations classified as hazardous locations due to
the presence of ethyl formate shall be Class I Group D.

(4) Flammable 1ligquids - For the purposes of compliance with section
1910.106, liquid ethyl formate is classified as a Class IB flammable
liguid. Spray finishing operations shall be performed in accordance
with sections 1910.107 and 1910.94(¢). Dip tank operations shall be
rerformed 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 ethyl formate is handled, used or stored
in a manner so as to create a potential fire or explosion hazard.

(6) Storage - Ethyl formate shall bhe stored so as not to come in contact
with nitrates. strong oridizers, strong acids or strong alkalies.
(g) Personal Protective Equipment
(1) 8kin Contact
(i) Employers shall provide, and require employees to use,
impervious clothing, gloves, face shields (8 inch minimum)
and othexr appropriate protective <¢lothing necessary to
prevent repeated or prolonged skin contact to liquid ethyl
formate. Face shields shall comply with section
1910.133(a)(6).
(13} Employers shall ensure that clothing which becomes wet with

liquid ethyl formate be removed immediately and not reworn
until the ethyl formate is removed from the clothing.
(2) Eye Contact
(i) Employers shall provide, and require employees to use,
splash-proof safety goggles (cup-cover type dust and splash
safety goggles), which comply with section 1910.133Ca)(6),
where eye contact to liquid ethyl formate may occur.
(h) Spills
(1) Spills of ethyl formate shall be <c¢leaned up immediately after
eliminating potential sources of ignition and wutilizing available
ventilation,
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Ethyl formate liquid may not be allowed to enter a confined space,
such as a sewer, because of the possibility of an explosion.
Sanitation

Employers shall ensure that employees whose skin becomes wet with
liquid ethyl formate promptly wash or shower as necessary to zremove
any ethyl formate from the skin.

Training and Information - Each employer who has employees exposed

to ethyl formate in excess of the action level, or employees who may have

skin

or eye contact with liquid ethyl formate, or employees who work

where accidental release, spill, fire, or explosion of ethyl formate may
occur, shall annually:

1)

(2)

(3)

(K)

(2)

(3)

Substance Safety Data Sheet - 1Inform each employee of the
information contained in the Substance Safety Data Sheet for ethyl
formate, which is contained in Appendix A; and

Medical -

(I) Advise employees as to the signs and symptoms of exposure to
ethyl formate.

(II) Instruct the employees to advise the employer of the

development of signs and symptoms of exposure to ethyl
formate which are listed in Appendix A.

(ITI) Instruct the employees to inform the employer if they develop

any of the medical c¢onditions listed in (k)(2) of this
section; and

Procedures -

(I Provide +training to ensure that employees understand the
precautions of safe use, emergency procedures, and the
correct use of protective equipment =relative to ethyl
foxrmate.

(II) The procedures required by (3)(1), (2), and (3)(I) shall bhe

provided to employees at the expense of the employer during
the employee's normal worKing hours.
Medical Surveillance

The employer shall provide medical procedures as required by
paragraph (k). These procedures shall be provided at no cost to the
employee.

Preplacement Questionnaire - The employer shall obtain from each
employee whe will be exposed to liguid ethvl formate, or airborne
concentrations of ethyl formate at or above the action level, a
written statement as to whether such employee has a history of any
of the following:

(1) Chronic lung disease
(II) Skin disease

(ITI) Liver disease

(IV) Kidney disease

Preplacement Medical Examination - The employer shall provide a
medical examination for an employee if the employee provides a
histoxry of any of the conditions named in paragraph (K)(2).
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Results of Preplacement Examination - The employer shall obtain a
rphysician's written opinion based on the medical examination
pursuant to paragraph (k)(3).

Periodic Medical Examinations - The employver shall provide a medical
examination for an employee if the employee advises the employer of
the development of (i) any of the medical conditions listed in
(kK)(2), (ii) signs and symptoms listed in JIAppendix A which the
employee suspects may be caused by exposure to ethyl formate.

Results of Periodic Examinations - The employer shall obtain a
physician's written opinion based on the medical examination
pursuant to paragraph (K)(5).

Exclusion ox Removal from Exposure - No employee shall continue to
be exposed to ethyl <formate if such exposure could place the
employee at increased risk of 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 ethyl formate.

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

(1) A copy of this section with its Appendices A,B and C for ethyl fc

(IT) A description of the employee's duties as they
relate to his exposure to ethyl formate;

(ITI) 1A description of any personal protective equipment
required to be used;

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

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

(VI) Upon request of the physician, information fron

previous medical examination of the enployee.
Physician's Written Opinion

(L) The physician's written opinion shall be a signed statement
by the examining physician specifically stating:

(A) Whether the employee has any detected medical conditions
which could be directly or indirectly aggravated by
exposure to ethyl formate or which could significantly
interfere with the ability of +the emplovee to follow
recommended or requirxed procedures for protecting
himself from unusual or emergency exposure.

(B) Any recommended limitations upon the employee's eXposure
to ethyl formate.
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(C) The employee has héen informed by the physician of any
detected médical conditions which ‘raguirea Furthex
medical edxamination or Treatment.

£ET) The wiitten opinion shall not =zevesl medical information
unrelated to exposure to ethyl Fformate.

Refusal to be Medically Examined - If an employes refuses any
required medical examination, the enmployer shall inform the enployed
of the possible health consegquences of such refusal and obtain a
signed statement from the employee indicating that the emplovee
understands the risks involved by refusing to be esamined.
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Regordbkeeping.
Initial determnination.

(i) The

employer shall Xkeep an accurate record of all initial

determinations requizxed to be wmade pursuant +to paragraph
() (1) of this section.

£4.42 The

record shall dinclude the written determination and any

supporting documentation as regquired in paragraph () (1) oF

this

section.

(iii) This regord shall be maintained for at Least one yvear.
Exposuré measursments.

{1i) The

smuployer shall Keep an accurate record of all measure-~

ments taken *o detérmine enployee egposure to ethyl Formate.

€iid This
Cald
(h
(g)
{d)

(el
(£)

(1ii) This

record shall include:

The date of maasurement;

A reference to the subparxagraph of this regulation which
reguired the measuremént, if any;

Opetrations involving eXposure +to ethyl formate which are
being monitored; _
Sampling and analytical methods used and evidence of
their accuracy;

Humber, duration, and results of samples taken;

Name, Social Security number, and exposure of the
employee monitored.

record shall be wmaintained for oné veaxr.

'ﬂechaniCal ventilation.
(iy When

mechanical ventilation 1s wused as an engineerxring

contxol, the employer shall maintain a recortd of measurements
demonstrating the effectiveness of such ventilation as
tequired by paragraph (e} (1){(i) of this section.

(ii) This
{a)
{(h)
(e¢)

(iii) This

record shall include:

Date of measurewents;

Tywe of mesdsurement taken;

Result of measurement..

record shall ke maintained for one vear.

Training and information.

(i) The employer shall Mleep an ac¢curate record of all employee
training and advice required by paragraph (3> o% +tHis
section.

(iis The recoxd shall include:

(a) Date of training;
(b} Name and Soc¢ial Security number of employess trained:;
(¢} Substance of training provided.

(iii) This

récord shall be maintained for at least one year.

Medical records.

(i3 The employer shall keep an accurate medical record for each
emplovee. _

(ii) The recoxd shall inciude:
(a) Physieian's written opinion:
(b) Preplacement duestionnaire;
{¢) Any employes medical complainis relative to exposure to ethy
(d) A signed statement of any refusal to be examined;
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{e) & copy of information provided to the phy5101an pursuant
to paragraph (R3(9Y{4ii) through {(vi) of this section.

(iii) This zrecoxd shall be maintained £for the duration of the

employment of the affected employes.

Atoess to records.

(i) A1l records requiréd to be maintained by this sa2ction shall
be made available upon request to authdrized representatives
of the Assistant Secxgtary and the Director.

(ii) Employes aRposune neasurement rec¢ords required “to  be
maintained by this section shall bhe made available to
employees and formex emplayees and their .designated

representatives,
(iii) Enployee medical zrecords zeguired to be maintained by this
' section shall be made available upon written request to a
rhysieian d951gnated by the énployee or formerx employee.
Observation of monitoring.
Duty.
The employer shall give affected employees oxr their zepresentatives
an opportunity to. observe any moniteoring of employee exposure to
ethyl formate which is conducted pursuant to this section.
Exercise of opportunity to okserve monltorlng
(i) When observation of +the menitoring of enmplovee exposure to
ethyl formaté regquiregs éntry into ar area isithere +the use of
personal protegtive devices is xequired, the obhserver shall
use such equipihent and comply with all other applicable
safety procedures.
(ii) Without interfering with the measurement, ohservers shall he
entitled to: N
(a) Receive an explanation of the measurement procedures:;
(k) Visually observe all steps related t6 the nmeasurement of
exposuxe to ethyl formate that are being pexrformed at
the place of exposure. '
(¢} Record the results ohtalned

Employee notification. _

The employer shall notify in writing, within five work days, every
employee who is found to be exposed to ethyl formate above the
permissible eaXposure. The employee shall also he notified of the

levael of his aexposure ‘and the c¢errective action being +aken %o

reduce the exposure to at or bhelow the permissible exposure.

Pursuant to parxagraph (k) of this Section, when an employee is

medicdally examined the employer shall provide the employee with a

copy of the physivian's written opinion.
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Formate

EPRPENDIY &

SUBSTANCE SAFETY DATA SHEET

SUBSTRHCE IDENTIFICATION

SUBBTANCE: Ethyl formaté .
PERMISSTIBLE EXPOSURE: 100 paxts of ethyl formate vapor per million parts

of aix (ppm) ox 300 milligrams of ethyl formate wvapoxr per cubicg
meter of air (mg/cu w)

APPEARANCE AND ODOR: ¢Colorless liguid with a fruity odor.

IT.

A.

IIT.

HEALTH HBAZARD DATA

Ways 1in Which +the Chemical Affec¢ts Youx Body: Ethyl formate can

affect your bedy if you inhale it, or if it comes in contact with
your skin ox eyes or if you swallow it.

Effects of Overexposure:

1. ‘Short-Term Overexyposure: Overexposure to éthyl formate may
cause irritation ‘of the eyes, nose, threat and skin. At high
congentrations it may cause drowsiness and unconsciousness.

2. "Lony—Terh Overexposure: Long-texrm overexposure to ethyl
formate may cause irritation of the skin.

3. Reporting Signs and Sywnptoms: You sheould dinform your
employver if you develop any signs or symptoms associated with
ethyl formate exposure.

"EMERGENCY FIRST AID PROCEDURES

Eye FExupesure: If ethyl formate gets into your eves, wash the eves
immediately with large amounts of water, lifting the lower and uppex
l1ids wedeasionally. Get medical attention as soon as possible.

Contact lenses should not be worn when working with this chemical.

SKin Exposura: If <c¢lothing Dbecomes wet with ethyl formate,
immediately remove and clean the clothing before wearing again. If
ethyl formate gets on your skin, £lush the contaminated skin with
water dimmediately. If there is skin irxrxitation, get medical
attention.

Breathing: If you or any cther perscn breathes in large amcounts of

ethyl formate, remove thé-expdséd person to fresh air at onge . If
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breathing has stopped, perform artificial respization. Keep the
affacted person warm and at rest. Get médical attention as soon as
possible.

D. Swallowing: When ethyl formate has been swallowed get medical
attention immediately. TI£f medical attention is not immediately
available, get the affected person te vomit by having him touch the
back of his throeat with his finger or by giving him large amounts
(one pint or moxe) of warm salt water (tuwo tablespoons 6Ff salt per
pint of water). Do not make an unconscious person vomit.

E. Rescue! Move affacted parsen from théa hazardous exposure. If the
exposed person has been overcome, notify soméeone else and put into
effect the established émergency rescue procedures. Do not become a
casualty yourself., Understand youx emexgency xescue procedures and
know the lécations of the equipment before the need arises.

IV. RESPIRATORS END PROTECTIVE CLOTHING.

A RESPIRATORS ¢ Respiraters are not the best way to controel exposure to
ethyl formate. You can only be reguired %6 wear them <for routifie
use if your employer is in the proecess of anstalllng ‘gontrels or
cther control measures prove inadeguate. You may be zreguired to
wear respirators Ffor norn-routine activities or in emergencies. If
respirators are worn, they must have a Mining Enforcement and Safety
Administration (MESA)/Hational Instltute Ffor Ocecupational Safety and
Health (NIOSH) =pproval label. (0lder zesviratozxs may have a Bureau
‘of Minesg approval lahel.) If you can smell ethyl Fformate while
wearing a respirator, the respirator is not working correctly; go

immediately to fresh air. TIf you experience difficuliy breathing
while wearing a respirator, tell your emplover.
B. PROTECTIVE CLOTHING: You must wear impervious clothing, gloves,

faceshield and other appropriate protective ¢lothing te prevent
repeated or prolohged sKRin contact with llqu1d ethyl formate.

C. EYE PROTECTION: You must weazr splash- proof safety goggles (cup-—
Cover type dust and splash safety goggles) where eye contatt with
Jigquid ethyl formate nay oecur. your eves.

v, PRECAUTIONS FOR SAFE USE, HAHDLING AND STORAGE

Ethyl <formate is a flammable liguid and its vapozrs eéasily form explosive
mixtures with aix. It must be storxed in tightly c¢losed vontainezrs ‘in a
cool, well-ventilated area away from heat, sparks and £lames. Store
ethyl foxmate away £rom nitrates, strony oxidizmers, strong alkalies, and
streng acids. Sources of 1gn1tlon such as smoking and open flames are
prohibited wherever ethyl formate is handled, used or stored in a manner
that could create a potentisl fire or explosion hagard. You must use
nen—-sparking tools when opening o¥ c¢los§ing metal containers of ethyl
formate, arnd contdiners must be bonded and grounded when pouring oxr
transferring liquid ethyl feormate. If your skin hecomes wet with ILiquid
ethyl dformate, you must promptly wash er shower as necessary to ramove
any ethyl fqrm1te from the skin. Tou must dimmediately remove any
¢lothing that lecomes wet with liguid ethyl formate and this clothing
must not be reworn until the ethyl Fformate is removed fro#i the c¢iothing.
Pire extinguishers, and eye Flushing facilities, where provided, must be
readily available and you should Know whexe they are and how t¢o operate
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them. AskK your supervisor where ethyl formate is used in your work area
and for any additional plant safeiy rules.
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APPENDIY B

SUBSTANCE TECHNICAL GUIDELINES
ETHYL FORMATE

PHYSICAYL AND CEEMICAL DATE
Substance Identificatien

1.
2.
3.

Synonyms: Ethyl methanoate; formic acid etliyl ester
Formula: HCQCC2ZHS
Molecular weight: 74

Physical Data

1.

® -1 O F W
- L) T * .

FIRE,
Fire
1.

2.
3.
i

Beiling point (760 mm HglY: Bu.5 ¢ (130 F)

Specific gravity (watexr=1): 0.92

Vapor density (air=1 at boiling point of ethyl formatel: 2.6
Melting point: -79 ¢ (~-110 F)

Vapor pressure at 20 ¢ (68 F): 194 mm He

Solubility in water, ¥ by wWweight at 20 ¢ (68 F): 3.6
Evaporation rate (butyl acetata=1): Data not available
Appearance and odeox: <Colorless liquid with a fruity odor

EXPLOSION AND REACTIVITY HAZBERD DATA

Flash point: -20 € (-4 F) {closed cup)

Autoignition temperature: #5535 C (851 F)

Flammable limits in aiz, % by volume: Lowex: 2.8; Upper: 16

Extinguishing méedia: Algohol foam, fdry <chemical, carbon
dieoxide

Special fire-fighting proecedures: Do not use.solidfstream of
water since stream will scatter and spread fire. Use water
spray to ¢ool cvontainers exposed to a fire.

Unusual fire and expleosion hazards: Ethyl formate is a
flammable ligquid. Its vapors can easily form explosive mix-
tures with air. ALl dgnition sources must be controlled
where ethyl formate is wused, handled or stored. Ethyl

forimate vapors are heavier than =air and may travel along the

ground and be ignited by sparks or open #lames at locations
remote £rom the site at which ethyl formate is handlaed.

For purposes of conforming to the requirements of 29 CFR
1910.108, ethyl formate is c¢lassified as a Class IB Fflammable
liguid. At 7000 ppnm, one-fourth of the lower flammable
linit, ethyl formate is cdonsidered %o be a petential f£ire and

explosion hazard.

For purposes of complying wlth 29 CFR 1910,309 the classifi-
cation of hazardous lecations as described 1n nztlcle 500 of
the National Electrical Code for ethyl formate shall be Clase
I, Group D.
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Reactivity

1. Conditions contributing to instability: Heat

2. Incompatibilities: Contact with nitrates, stronyg oxidizers,
streng alKalies, and streng acids may <cause fire and
explosion.

3. Hazgardous decomposition vproducts: Toric <gases and vapors

{such as Carbon monoxide) may be released in a £ire invelving
ethyl formate.
i Special precautions: None

IIT. SPILL, LEAK, AND DISPOSAL PROCEDURES

A

If ethyl formate is spilled or leaked, the following steps sheould be
taken: .

1. Remove all ignition sources
2. ventilate area of spill ox leak
3. For small guantities, absoxrb on paper towels. Evaporate in a

safe place (such as a fume hood) and burn ‘the paper. Large
quantities can be c¢ollacted and atomized in a suitable
combustion chambexr. Ethyl formate may not be alloued to
enter a confined space, such as a sSewer, because of %he
possibility of an exploesion.

Persons not iearing protectiveé eguipment should be restricted fxom

areas of spills or leaks until cleanup has been completed.

Waste Disposal Methods:

Ethyl formate may be disposed of:

1. By absorbing it in vermiculite, dry sand, earth or a sinilar
material and disposing in a sanitary land £ill.
2. By atomiming in a suitable combustion chamber.

MONTTORING AND MEASUREMENT PROCEDURES

EXPOSURE ABOVE THE ACTION LEVEL: Measuréments takeéen forxr +tlie purpose
of determining employee ekposure under this sedtion are best taken
such +that the average 8-hour expesure may be determined from =
single sample or tuwo (2) 4-hour samples. Short term interval
samples {up to 30 minutes) may also be used to determine average

erxposure level if a minimum of £ive (5) weasurements are taken in a
random manner over the &d-hour work shift. Random sampling means

that any poriion of the work shift has the same chance of being
sampled as any othér. The arithmetic average of all such randomn
equal duration samples taken on one (1) wozk shift is an estimate of
an employee's average level of exposure Tor that work shift. Air
samples should bhe taken in the ewmployee's breathing zone (air +that
would most nearly represent that inhaled hy the emplovee). Sampling
and anhalyses may be performed by instruments guch as detector tubes
cextified by NIOSH wundez Y42 CFR Part 84, poxtable direct-reading
instzuments, gdas and vaper adscorption tubes with subseguent chemical
analyses or dosimeters. The method of ieasurement nust determine
the concentration of ethyl formate to plus or minus 35%.

EXPOSURE ABOVE THE PERMISSIBLE EXPOSURE: The monitoring under this
se¢tion should he essentially the same as described under paragraph

IVv. - a.  Laboratories performing ~c¢hemical analyses should he
acoeredited in Industrial Hygiene Chemistry hy the American
Industrial Hygiene Asscociation (AIHZ), The method of measurement

must determine the concentration of ethyl Formate te plus 6r minus



-

i

- NIOSH/0SHA Draft Technical Standara
and Suprorting Documentation for ETHYL FORMATE

25%. Methods meeting these adcuracy requireménts are availahle in
the "HIOSH Monitoring MHethods Manual'.

v, MISCELLANEOUS PRECAUTIONS

a, Store ethyl formate in tightly <¢losed containers in a c¢ool, well~-
véntilated area. '

B. High exposures to ethyl ZFormate can occur when transferring the
liguid £rom one c¢ontainer to anotherx.

c. Non-sparking tools must be used +to open and ¢losé metal ethyl

formate containers. Thegse centainsrs must he effectively grounded
and bonded prior to pouring. .

. Employérs must advise enmployees of all plant arsas and operations
uhere exposure to ethyl formate could ocggur.

VI. COMMOMN OPERATIONS
Common operations in which ewposure to ethyl formate is likely to ocdur
are: operations involved in its manufactuxe and the application of
lacquers containing ethyl formate, its use as a solvent in the manufac-
ture of artifieial silk and leéathezr and in the shoe industry, and in the
application of fumigant and larvacide for tohacco, cereal and dried
fruit.
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APPENDIX € - MEDICAL SURVEILLANCE GUIDELINES
I. ROUTE OF ENTRY
Inhalation; insdigndificant skin absorption.
II. TOXICOLOGY

Ethyl formate is irritating to the eyves and nose at concentrations of 330
ppm. Haxgosis occurs in animals, but only at exposure levels near the
lethal concentration of 10,000 oppm. Dogs exnposad to this very high
concentration died o¢f pulmonary edema. Rats suxvived at 4000 ppnm.
Application to +the skin caused only slight irritation, but dropped into
the eye, caused moderate injury to +the <c¢ornea. ‘Ho c¢hronic systemic
effects hrave been zreported in humans.

IrT, SIGHS AND SYMPTOMS

Trritation of the eyes and upper zréspiratory tract. High sustained
levels may cause harcosis.

Iv. SPECIAL TESTS

None in cenmmon usage.

v, TREATMENT
Hone specific. Remove from exposure, give artificial resuscitation if
indicated, and wash eyes and c¢ontaminated skin. Recovery is wusually

rapid and compléete.

VI, SURVEILLANCE AND PREVENTIVE CONSIDERATIONS
A. GENERAL
Most <teported effects of ethyl formate are-caﬂsed.by its irritant
properties. The physician should bécome familiar with plant oper-
ating conditions in which exposure to this substance occurs. Those

with skin disease may hot tolerate the wearing of protective
¢lothing and those with chronic respizatory disease may not tolerate
the wearing ¢f negative pressure respirators.

B. PREPLACEMENT

Routine medical histories and physical examination are not reguired.
However, the employer must screen employees for history of certain
medical conditions (listed below) which might place the emplovee at
increased risk from ethyl formate enposure. Oonly +those giving =a
positive history of <these conditions nust be referred Ffor further
medical eraminations.
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1. Chroni¢ respiratory disease -~ In persons with impaired
pulmonary Ffunction, especially those with obsiructive Airway
diseases, the inhalation of +this substance might cause
exaderbation of symptoms due to its irritant properties.

2. Shin diséase -- This substance is & defatting agent and can
cause dermatitis on proelonged exposure. Fersons with
preexisting skin disordérs may be more susteptible to the
effects of this agent:

3. Liver disease ~- Altheugh ethyl formate is not Known as &
liver toxin in humans., the importance of this organ in ‘the
bietransformation =and detowification of foreign sulistances
should ke considered hefore exposing pexsons with inpaired
liver Function. '

4. Kidney disease —-- Althouugh ethyl formate is noit Rnown as a
kidney toxin in humans, the importance of the oxrgan in the
elimination of toxic substances justifies special considera-
tion in those with possible impairment of renal function.

c. PERTODIC EXAMIHATIONS

Routine periedi¢ ewxaminations are not required. Howevexr, if the
employexr hecomes aware of an enployee with the above listed

conditions, he must refer such employee for further medical
e¥amination.
References
1.  Patty, Frank A:  Industridl Hygiene and Tosxicology, Vol., II -

Toxi¢ology (24 ed. revised), Interscience Publishers, New York, 19563, PP,
1855~1856.

2, American Conference of Governmental Industrial Hygienists: T"Ethyl
Formate," (3d #d., 2d printing), Documentation of the Threshold Limit

Values for Substances in Workroom Aix, Cincinnati, 1974, p. 107.

3. Grant, W. Moxrton: Toxricology of the Eye (2d ed.), Chaxles ¢. Thomas,
Illinois, 1974, pp. 554-556.
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REFERENCES AND SOHRCES
ETHYL FORWVATE

1910.93
Pexsonal Protective Equipmeént, and (h) Sanitation o
Eve: ﬂEthyl Formate," Union Caxbide Corp. Toricolegy Study; Patty,
"Industrial Hygiene and Toxicoloegy:;" Browning, "Toxicity and

Netabollsm of Industrial Solvents;" Smyth et al., "Range~Finding
Toxicity Data - Lst V," Axch. Indus. Hyg. Occup. Med. 190:61, July

Skin: "Ethyl Formate,"™ Union Carbide Cozxp. Toxkicology Study. Patty,

"Industrial Hygiens and Toxicology:"™ Browning, “toxicity and
Metabolism of Industrial Solvents:" Smyth et al., "Range~Finding
Towriecity Data - List V," ARrch. Indus. Hyg. Occup. Med., 10:61, July,

Ingestion: "Ethyl Formate;" Union Carbide Coxp. Toxicology Study; Sax,
' "Dangerous Properties of Industrial Matexials:" Smyth et al., "Range
Finding Toxigity Data - List V," Arch. Indus. Hyg. Qccup. Med., 10G:¢
July, 1954
- COMMENTS _
Eve - Classification: 2
gutput statement numbers: 10
Erceptions: MNone
Union Carblde reports that "one small drop as from a mist c¢s
minoxr eye injury. Patty reports that "direct contact . . . witk
eye produced moderate irritation. Breowning hotes that it sauses
"mederate injury. Browuning refezences a. 1954 papeiX by Smyth et
which gives an injuzy grade of 4 on a scale of 1 to 10 after 24 b
for the ethyl estér of formic¢ acid. This grade indicates that 0.

the undiluted c¢hemical causes less than severe injury while 0.1 n
produce severe injury, as defined by Smyth and Carpenter, after 2
There is ne indication in the literature that any indjuiry cau

would bhe irrevexsible. The substance is therefore assigned a cla
fication of 2.
3kin - Classificatien: 2
Qutput statement numbexs: 2, 21, 151
Exceptions: 7h and 20z deleted betause of Vapor pressuze
Smyth et al., as cited in Patty and Brouning; give a single

skin penstration LD50 to rabhits of greater than 20 mlskKg. For
local effscts: Union Carbide reporxts "the undiluted chemical caus
noe reaction on the tender skin of the rabbit belly greater than a
faint redness of short duration.”" Patty, interpreting the rabbit
skin irritation grade of 1 given te the substance by Smyth et al.
reports Minjury to the skin from contact was mild. Browning agr
by neting "spplication to the skin caused only slight lrrltatlon
Patty also notes in general, however, that such esters are fat
solvents and may cause cracking and drying oFf the skin.

Ethyl formate has & vapox pressure of 194 mm Hg at 29 degree
Tt is 13.6% soluble in water and has a Flash point of ~Y degrees

The high viapor pressure of the substance and its rather
innecuous acute effects indicate that a classification of 2 is
appropriate if only statements 2, 21, and 16i are utilized.
Statement 7b is not specified because the substance would in all
likelihood evaporate from Wet clothing before the ¢lothing could
Ybe washed to remove it.
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Ingestion

Classification: 0

Output statement numbers: None

Exceptions: None

Union Carbide lists a single oral dose LD50 to rats of 3.36

Smyth et al. determined the LD50 to be 4.3 g/Kkg. Sax reports ths
the substance is a general purpose food additive.

The high vapor pressure of the substance and its moderate

towicity indicates that ingestion would not be a hazard in the
industrial environment.

SUBSTANCE TECHNICAL GUIDELINES
ETHYL FORMATE

PHYSICAL AMND CHEMICAL DATA
Substance Identification

1. Synonyms: Ethyl methanocate; formic acid ethyl ester
A Formula: HCOOC2HS
3. Molecular weight: 74

Physical Data

| Boiling point (760 mm Hg): s4.5 € (130 F)

23 Specific gravity (watexr=1): 0.92

< Vapor density (air=1 at boiling point of ethyl formate): 2.6

4. Melting point: =79 € (=110 F)

5. Vapor pressure at 20 € (68 F): 194 mm Hg

B - Solubility in water, % by weight at 20 C (68 F): 13.6

T Evaporation rate (butyl acetate=1): Data not available

8. Appearance and odor: Colorless liquid with a fruity odor

FIRE, EXPLOSION AND REARCTIVITY HAZARD DATA

Fire

1. Flash point: -20 C (-4 F) (closed cup)

A Buteoignition temperature: 455 ¢ (851 F)

3. Flammable limits in air, % by volume: Lower: 2.8; Upper: 16

b Extinguishing media: Rlcohol Zfoam, dry chemical, c¢arbon
dioxide

b Special fire-fighting procedures: Do not use solid stream of
water since stream will scatter and spread fire. Use waterx
spray to ¢ool containers exposed to a fire.

6. Unusual fire and explosion hazards: Ethyl formate is a
flammable ligquid. Its vapors can easily form explosive mix-
tures with air. A1l ignition sources must be controlled
where ethyl formate is used, handled or stored in a manner
that could c¢reate a potential fire or explosion hazard.
Ethyl formate vapors are heavier than air and may travel
along the ground and be ignited by sparks or open flames at
locations remote from the site at which ethyl formate is
handled.

T For purposes of conforming +to the requirements of 29 CFR

1910.106, ethyl formate is classified as a Class IB flammable
liquid. For example, 7000 ppm, approximately one-fourth of
the lower flammable limit, is one situation in which ethyl
formate is «c¢onsidered to be a potential fire and explosion
hazazxd.
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8. For purposes of complying with 29 CFR 1910.309 the classifi-
cation of hazardous locations as described in Article 500 of
the National Electrical Code for ethyl formate shall be Class
I, Group D.

Reactivity

i Conditions contributing to instability: Heat

v Incompatibilities: Contact with nitrates, strong oxidizexs.,
strong alkalies, and strong acids may cause fire and
explosion.

3. Hazardous decomposition products: Toxic gases and vapors

(such as carbon monoxide) may be released in a fire involving
ethyl formate.
4 Special precautions: None

III. SPILL, LEAK, AHND DISPOSAL PROCEDURES

A.

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

To Remove all ignition sources.

2 Ventilate area of spill or leak.

s For small quantities, absorb on paper towels. Evaporate in a
safe place (such as a fume hood). Allow sufficient time forzx
vapors to completely <c¢lear hood ductwork, then burn the
paper. Large quantities can be collected and atomized in a
suitable combustion chambex. Ethyl formate may not be

allowed to enter a confined space, such as a sewer, because

of the possibility of an explosion.
Persons not uwearing protective equipment should be restricted from
areas of spills or leaks until cleanup has been completed.
Waste disposal methods: Ethyl formate may be disposed of by
atomizing in a suitable combustion chamber.
MONITORING AND MEASUREMENT PROCEDURES
EXPOSURE ABOVE THE ACTIONH LEVEL: Measurements taken for the purpose
of determining employvee exposure under this section are hest taken
such that the average 8-hour exposure may be determined from a
single sample or two (2) Y-hour samples. Short terxrm intexval
samples (up to 30 minutes) may also be used to determine average
exposure level if a minimum of five (5) measurements are taken in a
random mannexr over the 8-hour work shift. Random sampling means
that any portion of the work shift has +the same chance of being
sampled as any other. The arithmetic average of all such random
equal duration samples taken on one (1) uwork shift is an estimate of
an employee's avexrage level of exposure for that work shift. Airx
samples should be taken in the employee's breathing zone (air that
would most nearly represent that inhaled by the employee). Sampling
and analyses may be performed by instruments such as detector tubes
certified by NIOSH wunder 42 CFR Part 84, portable direct-reading
instruments, gas and vapoxr adsorption tubes with subsequent chemical
analyses oxr dosimeters. The methed of measurement must determine
the concentration of ethyl formate to plus or minus 35%.
EXPOSURE ABOVE THE PERMISSIBLE EXPOSURE: The monitoring under this
section should be essentially the same as described under paragraph
Iv. a. Laboratories performing chemical analyses should be
accredited in Industrial Hygiene Chemistzry by the EAmerican
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Industrial Hygiene Association (RIHA). The method of measurement
must determine the concentration of ethyl formate to plus or minus
25%. Methods meeting these accuracy requirements are available in
the "NIOSH Monitoring HMHethods Manual",

MISCELLANEOUS PRECAUTIONS

Store ethyl <formate in tightly c¢losed containers in a cool, well-
ventilated axea.

High exposures to ethyl formate <c¢an occur when transferring the
liquid f£rom one container to another.

Non-sparking tools must be wused to open and close metal ethyl
formate containers. These containers must be effectively grounded
and bonded prior to pouzring.

Employers should advise employees of all plant areas and operations
where exposure to ethyl formate ¢ould occur.

COMMON OPERATIONS

Common operations in which exposure to ethyl formate is likely to occur

are-:

operations involved in its manufacture and the application of

lacquers c¢ontaining ethyl formate, its use as a solvent in the manufac-
ture of artificial silk and leather and in the shoe industry, and in the
application of fumigant and larvacide for tobacco, cereal and dried
fruit.

RESPIRATOR TABLE DOCUMENTATION

SUBSTANCE: Ethyl formate

D.O.L.

STANDARD: 100 ppm

WARNING FROPERTIES:
Odor Threshold: There is no information available concerning the

odor threshold of ethyl formate.

Eye Irritation Level: According to the Documentation of TLV's, "in

man, a concentration of 330 ppm produced a slight irritation of
the eyes and a rapidly increasing nasal irritation . . . A
threshold limit of 100 ppm is recommended to prevent eye and nasal
ivyritation."

Evaluation of Warning Properties: Since eye and nasal irritation occur

IDLH:

at a concentration which is approximately only three times the
permissible exposure limit, ethyl formate is treated as a material
with good warning properties. Gas sorbent respiratory egquipment
is permitted.

8000 ppm

Basis for IDLH Value: This IDLH is based upon the report by Union Carbide

Corporation and by Patty that 5 out of 6 rats died following a 4-hour
exposure to 8000 ppm ethyl formate. No rats died from a Y4-hour
exposure to 4000 ppm ethyl formate.

Other Towxicological Information: The ILO states that "in animal experiments,

inhalation of vapours caused tremors, progressive depression of the
central nervous system and death through circulatory and respiratory
insufficiency, the narcotic dose being the same as the lethal dose.
No cases have so far been reported of industrial ethyl formate
peisoning, although workers with the ester have experienced irritation
of the conjunctivae and mucous membranes, which may persist for
several hours after contact has ceased."

The Chemical Company Guides of Union Carbide Corporation
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report that a 4-hour exposure to 4000 ppm killed no rats, but a
4-hour exposure to 8000 ppm killed 5 out of 6 rats.

Patty gives the following table concerning the "physiological
response to inhalation of ethyl formate:

Concentration
Compound Species P.p.m. Duration of Results
Exposure
Ethyl formate Rat Conc. 5 min. No deaths
vapor

Rat 8,000 4 hr. 5 deaths of 6 ¢
Rat 4,000 4 hr. No deaths
Mouse 10,000 20 min. Eye irritation,
Mouse 5,000 20 min. Eyve irritation,
cat 10,000 80 min. Eye irritation,
Cat 5,000 20 min. Eye irritation,
Dog 10,000 4 hr. Pulmonary edems
Man 330 Eve and nose ix

LFL: 28,000 ppm
VAPOR PRESSURE AT 20 C: 194 mm Hg
SATURATED CONCENTRATION AT 20 C: 255,300 ppm
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USE/EXPOSURE AND CONTROL DOCUMENT

ETHYL FORMATE
Principal Route
of Entry

Use/Exposure
Inhalation of vapor and
skin contact with liquid
during the spray, brush or
dip application of
lacquers containing ethyl
formate

Inhalation of vapor and
skin contact with ligquid
during the use as a sol-
vent for cellulose acetate
in artificial silk manu-
facture

Inhalation of vapor and
skin contact with ligquid
during the use in the
shoe industry to dis-
solve celluloid heel
coverings

Inhalation of vapor and
skin contact with liguid
during use as a solvent
in the manufacture of
artificial leather

Inhalation of vapor and
skin contact with liquid
during the manufacture
of safety glass

Inhalation of vapor and

skin contact with ligquid
during the use as a fumigant
and larvacide for tobacco,
cereals and dried fruits

Inhalation of vapor
during the use as an
intermdiate in organic
synthesis

Inhalation of vapor during
the formulation of synthetic

flavors

Inhalation of vaper and

A,B

Currently Used

Control Metheods
Local exhaust ventilation;
general dilution ventila-
tion; personal protective
equipment (goggles, respir-
atory protection, gloves)

General dilution ventila-
tion; personal protective
equipment (chemical goggles
and barrier creams)

General dilution ventila-
tion; personal protective
equipment (goggles

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

General dilution ventila-
tion

Personal protective equip-
ment (gloves, respiratory
protection)

General dilution ventila-
tion

General dilution ventila-
tion

Process enclosure; general
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skin contact with ligquid dilution ventilation
during the synthesis
of ethyl formate

A == Inhalation

B —-— Skin contact resulting in
localized irxxitation

C -- Ingestion

D -- Skin contact resulting in

absorption and subsequent
systemic poisoning

ol



