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The basic texnt of this document contains the draft ftechnical standard
approved Iy the Joint Review Committee of the HIOSH/0SHE Standards
Completion Program and the supporting documentation £for the substance
TETRAHYDROFURLN.

The SCP draft technical standards are recommendations to the Departnent of
Labhor for its ¢onsideration in rulemaking and have noe legal status until
final rules have been promulgated by that agency. This dxaft standaxd is
provided for your information only.

The References and Sources., Respirater Table Documentation and Use/Exposure
and Control Documentation are the working documents used by the various SCP
working groups during the devalopment of the draft technical standard and
serve as +the technical foundation for +the standard. The classification for

each substance and the regulatory statements were derived follouwing a

decision logic estahlished fox the various secgtions of the standard.
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DEFINITIONS

PERMISSIBLE EXPOSURE -~ T"Permissible Exposuré™ wmeans inhalation of
tetrahydrofuran in ¢oncentrations not in exdess of 200 parts per
mitlion ({ppm) (599 milligrams per cubic neter, mg/cu.m.) averaged
over an eight hour work shift, as stated in section 1970.93, Table
6-1.

RETION LEVEL - Thetion Level™ means one half (1/2) of the
permissible exposure for tetrahydrofuran.

EMPLOYEE INFORMATION - Each employer who ‘has a uorkRyplace in which

tetrahydrofuran is present shall:

(1)

(2)

(c¢)
1)

{23

(3)

()

STANDRRD AVAILABILITY - Keap a copy of +this section with its
apprendices #, B-an& €, at the workplace. This material shall be
made readily available to dffectad ehployees; and

PRESENCE. OF TETRAHYDROFURAN - Inform affected employees of the

guantity, location, and manner of use or storage of tetrahydrofuran.
EXPOSURE'NERSURENEHT _

IHITIAL DETERMINATION - Each employer who has a place of employment
in which tetrahydrofuran is released into the workplace air shall
determine if any employer may be erposed to airboxne concentrations
of tetrashydrofuran at or above the mctien level. The détermination
shall be made each time there is a clhange in production, process, or
control meéasures which could zresult in an increase in airborne

concentrations of tetrahydrofuzran. A written determination shall be

made and it shall contain at least the following information:

(1) Any information, obsexvations, or calculations which would
indiecate employee exposure to tetrahydrofurans;

(ii?. Any measurements of airhorne concentrations of tetrahydrofuran
taken;

(iii) Any enployvee complaints of symptonms which way be attributible
) to exposure to tetrahydrofuzran; and

Civ) Date of determination, work being performed at the time,
lLogation within work site, name, and soaial segurity numbherx
of each emplovee considered.

INITIAL EXPOSURE MEASUREMENT - I£ the employer determines that any

employee may he exposed to airhorne voncentrations ot

tetrahydrofuran at or above the action level, the exposutre of the

employee helieved %o have the yreatest éxposure shall be wsasured.

The exposure measuremént shall be representative of the maximum

exposure of the emplovee.

IDENTIFICATION OF EXPOSED EMPLOYEES - If the exposure measurement

taken under paragraph (e){(2) of +this section reveals employee

axpesure to airborne concentrations of tetrahydrofuran at or ahove

the action level, the emplover shall:

£1i) Identify all employees wuho may be exposed at or above
the action level; and
(ii) Measure the &sxposure of the emplovees so identified.
EXPOSURE RBOVE THE ACTIOM LEVEL - If an employee exposure
meagsurement reveals that an employee is exposed to airborne

coficentrations of tetrahydréfuran at or above the action level, but
not above The perxmissible exnposure, the exposure of that employee
shall be measured at least every two months.
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EXPOSURE ABOVE THE PERMISSIBLE EXPOSURE - If an employée exposure
measurement reveals that an employes is exuposed +to airbozrne
concentrations of tetrahydrofuran ahove the pexrmissible exposure,
the employer shall:

il Inferm the ernployee of the exposure as required by para-
graph (H)(1) of this seetion; and
¢ii? Measure the erposure of the employee at least menthly; and

(1ii) TInstitute contxol measures as regquired by paragraph (E) of
this section.

TERMINATION OF EXPOSURE MEASUREMENT - If two consecutive employee

exposure measurements takén at least oné weelk apart reveanl that +the

employee is exposed 1o aixborne concentrations of tetrahydrofuran

below the action lével, the employer may terminate measurement fox
‘the employesa. For purposes of this suhparagraph, use of respirators

shall net constitute reduction of employee exposure below the action
level.

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

any combhination of long term or short term samples which represents the
employee's actual exrposure averaged over an eight hour work shift
(Appendix B {(iv))., The method of measurement shall have an accuracy, +o

a confidence level of 95%, of not less than that given in Table 1 below.
Tahle 1
Concentration Required'nccuzacy
Lbove peéxmissible exposure Plus or Minus 254
At ox below permissible exposure
and abhove the action level Plus or Minus 35%
At or below the action level Plus or Minus 50%
(e) Methods of Compliance
£1) Engineering controls: - No employee shall be exposed to
tetrahydrofuran above the permissible limit as defined in paragraph

(a){1) of +this section. Engineering and work practice contzols

shall be used to6 reduce exuposure to tetirahydrofuran to at or bhelow

the permissible exposure.

(i) When mechanieal ventilation is used +to control exposure,
measuzremnents which demonstrate system gfficiengy (fox
gxample: air velocity, static pressure, or air voluine) shall
bhe made at least every threé months. Measu¥emsnts of system
efficiency shall also be made within five work days of any
change in production, process oxr control which might resulig
in a reduction in control. _

(ii) Where a fan is located in duct work and where tetrahydzofuran
is present in concentrations greater than 5000 ppm, one
fourth of the lowsr flammable limit, the £an rotating element
shall consist of, or be lined iiith, non-sparking material.
‘There shall ke sufficient c¢learance betwWeen the f£an rotating
element and the f£an casing so as to prevent contact.

(1iid In the design of open surface tank ventilation for the
purposes of section 1910.94 (d)y, operations  invelving
tetrahydrofuran shall be ¢lassified as B-1 at 70 F.

(2} Respirators

(i Compliance with the permissible erRposure may not be achieved
by the use of respirators ekecept:
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(ii)

(iidil

Civ)

TA

{a) During the time period nevessary to install engineering
controls; ox

(b) In wozrk situations 4in which engineering contrels are
technieally not feasibhle; ox

(e}l In work situstions in which feasible engineering and
work practice <c¢ontrols are insuffid¢ient +to reduce
employaes exposure to at or below permissible exposure,
they shall be used to reduce exposure to the louwest
level feasibklée; or

(d) TFor operations not exceeding 40 hours per vedr; or

(e) In emexrgencies.

Respirators shall he Jeintly appr¥oved by the Mining

Enforcement and Safety Administration (formexrly Bureau of

Mines) and by the National Institute for OGccupational Safety

and Health under the provisions of 30 CFR Part 11.

Employers shall select and provide the appropriate respirator

from Table 2 and shall ensure that fthe employee uses the

respirator provided.

Employvers shall institute a respiratory protection pregram in

accordance with sections 1970.134(hY,(8),(e) and (£).

BLE 2. RESPIRATORY PROTECTION FOR TETRAHYDROFURAN

Condition

Vapor Concentr

ation

Egual to or less

than 10090 ppm

Equal to or le
than 5000 ppm

Equal to or le
than 10 000 pp

Greater than
10,000 ppm, or
Entry B Escape
from Unknouwn
Concentrations

organiec vapor cartridgels).

58

88

M
Any supplied-air respirator wtih a full facepiece.
Eny self-contained breathing apparatus with a full Fface-
piece.

Seli‘conﬁained breathing apparatus with a £ull facepiece

alr respirator with a full facepiete operated in pressure

auxiliary salf—contained air supply operated in pressure-
demand or other positive pressure node.
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Fire Fighting Self-contained breathing apparatus with a full facepiece
operated in pressure-demand (positive préssure) mode.

Escape Any gas mask providing protection against organic vapoxns.
Any escape seéli-contdined breathing dpparatus.

(£ Fire and Safety _

Employers shall familiavize themselves with the information contained in

the Substance Technical Guidelines for tetrahydrofuran which is contained

in Appendix B in oxder to ensure the safe handling =and use of

tatrahydrofuzan,

(1) Flectrical - For the purvoses of compliance with section 1910.309,
locations ¢lassified a5 hazardous locations due to the presence of
tetrahydrofuran shall be Class I Group C.

{2) Portable Ifire extinguishers -~ For the purposes of compliance with
section 1910.157, teirahydrciu:an'is classified as a Class B fire
hazaxd.

(3> Pouwered industrial trucks - Fer the purposes of compliance with

section 1910.178, locations ¢lassified as hazardous locations due to
the presence of tetrahydrofuran shall be Class .I Group C.

(4) Flammable 1liquids - TForx the purposes of compliance with section
1910.706, 1liquid +tetrahydrofuran is classified as a Class I8
flammable liquid. Spray f£inishing operations shall be performed in
accordance with sections 1910.107 and 1910.94 {¢). Dip tank
operations shall he performed in accordance with sections 1910. 108
and 1910.94 (ad).

(53 Sources. of ignition ~ Sources of ignitien suc¢h as smoking or open
flames are prohibited whéze tetrahydrofuran is handled, used ox
stored in a4 mannet so as +to create a potential fire or explosion
hazard.

(6) BSterage ~ Tetrahydrofuran shall be stored so as not to come in
contact with strzonyg oxidizers and shall be stoxred away from heat and
sunlight. Stexed lots of tetrahydrofuran shall be checked for the
presence of explosive peroxides. Tetrahydrofuran containing
peroxides way not be distilled to dryness.

(gl Personal Protecectivé Equipment
(1) Shkin Contact
(1) Employers shall provide, and reguire employees to use,
impervious d¢lothing., gloves, face shields (8-inch minimum)
and other appropriate protective clothing necessary to
prevent repeated ox prolonged skin contact to liguid
tetrahydrofuran. Face sgshields shall c¢omply with section
_ 1970.1330a){62).
(ii) Employers sliall ensure that cleothing which becomes wet with

liguid tetzahydrofuran be removed immediately and not reworn
until the tetrahydrxofuran is removed from the clothing.

(iii) Employers shall ensure that c¢lothing wet with liquid
tetrahydrofuran is placed in closed containers for storage
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until it c¢an be discarded oxr until the employexr provides for
the removal nf tetrahydrofuran from the c¢lothing. IF  the
¢lothing is to be laundered or otherwise cleaned to remove
the tetrahydrofuran, the employver shall inform +the person
performing the operation eof +the hazmardous properties of

tetrahydrofuran.

(2) Eve Contact

$1Y Employers shall provide, and zreguire employees to use,
splash-proof safety goggles {ecup-cover type dust and splash
safety goggles), which comply with section 1910.133 (a)(6),

_ where eve contact to liguid tetrahvdrofuran may occur.

(h) 8pills _

{1) Spills of tetrahydzofuran shall be dleaned up immediately after
elimninating potential sources of Iuynition and utilizing availabla
ventilation.

(2} Tiquid tetrahydrofuran may not be allowed to enter a confined space,
such as a sewexr:. hecause of the possibility of an expleosion,

(i) Sanitation
(1) Employers shall ensure ‘that employees whose skin becomes wet with

liguid tetrahydrofuran, promptly wash or shower to remove any
tetrahydrofuran from the skin.

{3 Training and Information - Each employer who has employees axposed
to tetrahydrofuran in excess of the action ilevel, orx employees who may
have skin or eye contact with liguid tetrahydrofuran, or employees who
work wheré accidental release, spill, fize, or explosion of
tetrahydrofuran may oceur, shall annually:

(1) Substance Safety Data Sheet -~ Inform each &mployee of the
information contained in the Substance Safety Data Sheet fox
tatrahydrofuran, which is contained in Appendix A&; and

(2)Y MNedical -

(I3 Rdvise emplovees as to the signs and symptoms of exposure to
tetrahydrofuran, ' )

(T} Instruct the employees to advise the employer of the
devélopment of gigns and synptoms of exposure to
tetrahydrofuran which are listed in Apvendix A.

(rTI) Instruct the employees to inform the employer if they develop
any of the medical conditions listed 4in (R)(2) of this
secetion; and

(3) Procedures -

(1) Provide ‘training +*o ensuxe that employees understand the

- precautions of safe use, emergency procedures, and the

correct use of rrotective equipment relative to
tetrahydrofuran.

(TI) The procedures required hy (3IC1), {2), and (3)(I) shall be
provided to employees at the expense of tlie employer during
the employee's normal working hours.

—(K) Madical Surveillance

1) The emnployer shall provide mnedical procedures as required Dby
paragraph (R). These procedures shall be provided at no cost to the
employee.

{2) Preplacement Questionnaire - The employer shall obtain £rom each

employeé who will be exposed to liquid tetrahydrofuran, or airborne
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concentrations of tetrahydrofuran at oxr ahove the action level, a

written statément as to whether suc¢h employee has a higtory of any

of the following:

(I} Skin digease

(IT) 'Kidney disease

(ITIL) Chroniec lung disease

(IV) Liver disease

Preplacement Medical Examination -~ The employer shall provide a

medical examination for an employee if the empioyee provides a

history of any of thé conditions named in raragraph (k){(2).

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

Pericdic Medical Examinations - The employer shall provide a medical

examination for an employee if: the employee advises the employer of
the developmnent of:

(L) Any of The medical conditionsg listed in (k)(Z).

(IX) Signs and symptoms listed in Appendix A which the

employee suspects may be caused by exposure to
tetrahydrofuran.

Results of Periodic Examinations - The ‘employexr shall obtain a
physician's written opinion based on the medical examination
pursuant to paragraph (KI(B).

Execlusion -ox  Removal £rom Exposure % No émployee shall continue to

be exnposed to tetrahydrofuran if such exposure c¢ould place the

enployee at increased Tisk of material impairment of his health.

Emergency Procedures - The employer shall provide emexrgency and
follow-up medical examinations and txeatment £for any emplovee
injured through exposure to tetrahydrofuran.
Informing the Physician - The employer shall provide +to the
examining physician the followirng information:
{1 R copy of this section with its Appéndices A, B,

and ©€;

(31) A description of the employee's duties as they
relate to his exposure to tetrahydroefuran;

(IIT) A description of any persohal protective egquipment,
including respirators, required to be used;

(IV) The results of any emplovee's erposure meiasurement,
if available;

(v The employee’'s anticipated exposure levael; and

(v Upon reguest of the physician, information from

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

LT} The physician's wriftten opinion shall be a signed statement

by the esamining physicgian specifically stating:

(RA) Whether the emplovee has any deteécted medical
conditicons which ceuwld be directly or
dindirectly agygravated by exposure to
tetrahydrofuran or whiéh could significantly
interfere with the ability of the emplovee %o
follow recommended Pr reguired procedures for
protecting himself from unusual or emergency
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EXPOSUTre.
(B) Any recommwended limitations upon the
enplopee's exposure to tetrahydrofuran,
(€} The employee has been informed by the
physician of any detected medical gonditions
which reguire further medical ewamination or
treatment.
(IT) The written opinioen shall not reveal medical
information unxelated to exposure to
tetrahydrofuran,
Refusal +to be Medically Examined - If an employee refuses any
required medical examination, the employver shall inform the emplovee

of the possible health conseguences of such refusal and obtain =2

signed statement from the emplovee indicating +that the enploves

understands the risks involved by refusing to be examined.

RecordReeping.

Initial determination.

(i) The ewmployer shall keep an accurate recoxrd of all initial
determinations required to beé made pursuant to paragraph

o (¢¥1) of this section.

(ii)d The rec¢ord shall include the written determination and any
supporting documentation as required in paragraph (c)(1) of
this section. _ _

(iLii) This zecord shall be maintained wuntil replaced by a more
recent reecord,

Exposure measuncments.

£i) The employer shall Xeep an accurate rédord of all measure-—
ments taken to datermine enployee e¥posure to
_ tetrahydrofuran.
(i1 This record shall include:

(a) The date of measurement;
() A referente to the subparagraph of this regulation which
required the measurement, if any; _
(¢} Operations invelving exposure to tetrahydzofuran which
are bheing monitored;
(d) Sampling and analytical methods wused and evidence of
thelr acduraey;
(e) HNumbexr, duration, and results of samples taken;
(£) Hame, Social Segurity number, and exposure of the
employee monitored.
(iii) This <record shall be maintained until replaced by a wore
recent record but inh no event for léss than one year.
Machanical ventilation.

(i) Khen mechanical ventilation 4is used as an engineering
contrel, the employer shall maintain a recoxrd of measurements
deméngtrating the effectiveness of such ventilation as
required by paragraph {(el(1)(i}) of this section.

(i) This rzecoxd shall include:

{a) Date of measurement;
(b) Type of measurement taken;
(c) Résult of measurament.
(iii) This récord shall he waifitained For at least one yeéar.
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Training and. 1n£ormatlon

(i) The employex shall keep an aceurate regord of all employeé
training and advice required by paragzaph (3) of +this
section. _

(441 The record shall include:

{a) Date ¢f training;
{h) MName and Social Security number of employees trained;
(¢} ‘Substance of training provided.

{iiif) This

record shall be maintained wuntil replaced hy a moxe

recent record.
Medidal re¢ords.

£i) The employer shall keep an accurate medical record for each
employeea.

(iid The record shall inglude:
{a) Physician’'s written opinion;
{1h) Preplacément questionnaire;
(¢l Any employee medical complaints relative to exposure to tatl
{(d) A signed statement of any zefusal to be examined;
{e) A copy of lnfoxmatlon provided te the physician pursuant

¢(iii) This

te paragraph (kK)Y(9){ii) through (vi}) of +this sectioén.
record shall bhe maintained for the duration of the

employment of the affected emplovee.
Access to records.

(i) A11

regcords required to be maintained by this section shall

be made available upon request to authorized representatives
of the Assistant Secretary and the Dirsctor.

(idi?3 Employee eXposure measuraement records requixred to he
maintained by this section shall be made available to
employees and formex employvees and their designated
representatives.

{(i1i) FEmployee medical recoxds xequired to be maintained hy this
section shall be made available upen written regquest *o a
physidian designated by the employee or foxmer employee.

Observation of monitoring.

Duty.

The employer shall give affected employees or their representatives
an opportunity to observe any monitoring of employee -exposure %o
tetrahydrofuran which is conducted pursuant to this section.
Exercise of opportunity to ohserve monitoring.

(i} When

observation of the monitoring of employee exposure to

tetrahydrofuran reguires entry inte an area where the use of
personal protective deviges is required, the observer shall
use such equipment and comply with all other applicable
safety procedurss.

(ii) Without interfexring with the measurement, observers shall be
entitled to:

talJ
(1)

e

Receive an sezxplanation of the measurenent procedures;
¥isually observe all steps related te the measurement of
‘exposure to tetrahydrofuran that are being performed at
the place of ezpesure.

Record the results obtained.

Employee notification.
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The emnployer shall netify in writing, within five work days, every
employee who is found to be exposed to tétrahvdrofuran above the
permissible exposure. The employese shall also e notified of the
level of his exposure and +the corrective =acdtion being +aken to
reduce the exposure to at or helow the permissible exposure.
Pursuant to paxagraph (k) of <this Section, when an emplovee is
madi¢ally examined the employver shall provide the <wmplovee with =&
copy of the physidian'’s written opinion.
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APPENDIX A

SUBSTANCE SAFETY DATA SHEET

SUBSTANCE IDENTIFICATION

SUBSTANCE: Tetrahydrofuran
PEERMISSIBLE EXPOSURE: 200 parts of tetrahydrofuran per million parts of

air (ppml or 590 milligrams of tetrahydrofuran per cubic meter of
air (mgscu m)

APPEARANCE AND ODOR: Coloxrless liguid with an ether-like odor.

IT.

A.

IIT.

HERLTH HAZARD DATA
Ways in Which the Chemical Affects Your Rody: Tetrahydrofuran can
affect your hody if you inhale it, swallow it, or if it comes into

contact with your eyes or =siin.

Effects of Overexposurae!

J- Short-Term Qversxposure: Overexnposure to tetrahydrxofuran may
¢ause irxitation of the eyes and nose, nausea, dizziness, and
headache.,

2. Long-Term OQuverexposure: Prolenged ox repeated exposure to

tetrahydrofuran may cause dzying of the skin.

3. Reporting Zigns and Sywmptoms: You should inform vour
employer if you develop any signs or symptoms assooiated with
tetrahydrofuran exposure.

EMERGENCY FIRST AID PROCEDURES

Eye Exposure: TIf tetrahydrofuran gets into your eyves, wash the eyés
immediately with large amounts of water, lifting the lower and uppex
lids coccasionally. If ivryitation persists, get medical attention.
Contact lenses should not be worn when working with this chemical.

Skin Exzposure: If tetrahydrefuran gets on your skin, wash the
centaminated skin with water promptly. If fetrahydrofuran soalks
through your e¢lothing, zremove the clothing immediately and £lush the

skin with watex. If irritation persists, get medical attention. Do

not wear the c¢lothing again until the tetralydrofursn has been
removed. Replace or repair impezvious clothing that has developeéd
leals.

.Breathing If vou or any othexr person breathes in large amounts of

tetrahydrofuran remove the exposed persoen to fresh air at once. _If
breathing has stopped, perform art;flclal respiration. Keep the
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affected person warm and at rest. Get medical attention as soon as
possible.

D. Swallowing: When tetzahydrofuran has been swallowed get medical
attention immediately. I£f medical attentioen 48 not immediately

available get the affected person to vémit hy having him touch the
back of the throat with his finger oxr by giving him large amounts
{one  pint ox mérel of warm salt water (two tahlespoons of salt per
pint of water). Do not make an uncenscious person vomit.

E. Rescua- Move affected person from the hazardous exposure. Tf the
exposed person has been overcome, notify someone else and put dinto
effeet the establishef emergency rescue procedures. Do not become a
casualty yourself. Understand your emergency réescue procedures and
know the locations of the eqguipment before the need arises.

IV. RESPIRATORS AND PROTECTIVE CLOTHING

A. RESPIRATORS: Respirators are not the best way to contrel exposure to
tetrahydrofuran. You can only be regquired to wear them for routine
use 1£f your employer dis in the process of installing controls ok
other control measures prove inadeguate. ¥Y6éu may Dbe reguired +*o
wear zrespirators for non-routine activities or in emergencies. IFf
respirators are worn, they must have a Mining Enforcement and Safety
Adeinistration (MESA)sHational Institute foxr Occupational Safety and

Health (HRIOSH) approval label. (0ldexr respirxators may have a Bureau
of Mines approval label.} For effective protection, respirators
nmust £it your face and head snugly. Respiratoers should net e

loosened oxr removed in work situations where there use is requizred.
If you c¢an smell tetrahydrefuran while wearinhg a zrespirator, the
respirator idis mnot working correctly; go immeédiately to fresh air.
If you experience difficulty breathing while wearing a respirator,
tell your emplover.

B. PROTECTIVE CLOTHING: You imust wear impexvious glothing., gloves,
face shield oxr other appropriate protective clothing +to prevent
repeated or prolonged skin contact with liquid tetrahydzofuran.

c. EYE PROTECTION: You must wear splash-proof safety goggles (cup-
eovex type dust and splash safety goggles) where eve contact to
liguid tetrahydrofuran may oceur.

V. ‘PRECAUTIONS FOR SLAFE USE, HAHDLIMG AND STORAGE

Tetrahydrofuran is a Flammahle Idiguid and its vapors easily dform

exiplosive mixtureées with airx. It wnust be stored in tightly clesed

containers in a ¢ool, well-~ventilated area away from heat, sparks; Fflames
and strony oxidizers. Sources of ignition such as smoking and open
flames are prohibited wherever tetrahvdrofuran is handled, used or stored
in a manner that c¢ould create & potential fire ox explosion hazard. You
must use non-sparking tools whén opening 6r closing metal c¢ontainers of
tetrahydrofuran, and ¢ontainers must bLe bonded and grounded when pouring
or transferring liguid tetrahydrofuran. If your skin becomes wet with
liguid tetrahydrofuran, you nmust promptly uwash or shower +to =remove any
tetrohydrofuran from four skin. You must immediately remove any clothing
that becomes wet with liquid tetrahydrofuran and this clothing must not
be reworn until the tetrahydrofuran is removed From the clothing. Fira
extinguishexs, where provided, must be readily availalble and you should
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know whete they are and how to operate ‘them.

Agsk your supervisor uhere

tetrahydrofuran is used in your workK area and for any additionszl plant

safety and health rules.
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APPENDIX B

SUBSTANCE TECHNICAL GUIDELINES
TETRAKYDROFURAN

PHYSICAL AND CHEMICAL DATA
Substance Identification

1.
2.
3.

Synonyms: DBiethylene oxide; tetramethylene onide; THF
Formula: CHHBO
Molecular weight: 72

Physigal Data

1.
2.
3.

4.
5.
)

7.
8.

FIRE,
Fire
1.

2.

3.

o1

Boiling point (760 mm Hgl): 66 C (351 F)

Specific gravity (water=1): 0.9

Vapor density (air=1 at boiling point of
tetrahydrofuran): 2.5

Melting point: -108 ¢ (-163 F)

Vapor pressure at 20 C (68 F): 145 mm Hg

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

Evaporation rate {butyl agetate=1): 14.5

Appearance and odor: ‘Colotrless liquid with an ethexr—-1like
odox.
EXPLOSTION AND REACTIVETY HAZARD DATA

Flash point: -I4.5 ¢ (6 F) (c¢losed cup)
Auteoignition temperatuxe: 321 € (610 F)
Flammable limits in air, % by volume: Lower: 2;
Upper: 1%1.8

Extinguishing media: Dry chemical, alcohol foam, é&arbon
dionride
Special fire-fighting procedures: Do not uUse 2 solid stream

of watexr since the stream will seatter and spread +the Fire.
Use water spray to cool ¢ontainers exposed to a fire.

Unusual £ire -and wexplosion hazards: Tetrahydrofuran ig a
flammable liquid, Its vapors can easily form explosive
mixtures with air. ALl ignition sources must be controlled
where tetzxahydrofuran is handled, used Or stored.
Tetrahydrefuran vapbrs are Heavier than air and may travel
along the ground and bhe ignited by open flames or sparks at
locations =remote from +the site a% which tetrahydrofuran is
handled.

For purposes of conforming with the reguirements of 29 COFR
1910.106, tetrahydrefuran is classified as a Class IB
fFlammable liquid. At 5000 oppm, one-fourth .of the lower
flammable limit, tetrahydrofuran is considered %o he a
potential fire and explosion hazard.

For purreses of  complying with 29 CFR 1910.309, +the
classification of hazardous locations as described in Article
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500 of the National Electrical Code for tetrahydrofuran shall
be Class X Group C.

Reaot1v1ty

1. Conditions contributing to instability: Heat and sunlight

2. Incompatibilitiesg: Contact with strong oxidizing agents may
cause fire and explosions.

3. Hazardous decomposition products: Texriec gases and vapors
(such as carbon monowide) may le released in a fire involving
tetxahydrofuzan

i, Special pracautlons= Tetzahydrofuran will attsck some Fforms
of plasties,rubbexr and coatings. Storage .in the presence of
air and light causes ‘the formation of euplosive peroxides
that remain dissolved in tetrahydrofuran. These c¢ontainers

may explode when their caps or stoppers are removed.

SPILL, LEAK AND DTISPOSAL PROCEDURESR

IF tetxahyd:qiutan is spilled oxr leaked, the follouwing steps should
be taken:

. Remove all ignition sources
Z. Ventilate drea of spill or leak _
3. For small dguantities. ahsorb on paper towels. Evapozrate in a

safe plade (such as a fume hood) allow sufficient time dfox
vapors to completely dleaxr the hood ductwork, then bhuxn the

paper. Laxge guantities can be collected, dissolved 4in
alcohol -of greater molecular weight than butyl alcohol, and
atomized in a suitable combustion whamber. Tetrahydrofuran

may not be allowed 6 enter a confined space, such as a
sewer, because of the possibility of an ex¥plosion.

-Persons not wearing protective gguipment should be restricted from
areas of spills ox leaks until c¢leanup has heen completed.

Waste disposal meéethods:

Tetrahydrofuran may be dispvosed of by dissolving in alcohol of
greater molecular weight than butyl alcohol and atomizing in a
suitable combustion chamber.

KOHITORIHG RND NERSUREMEHT PROCERURES

EXPOSURE ABQVE THE ACTION LEVEL: Neasurements tTaken for the purpose
of determining employee exposure under this section are hest taken
such that +the average 8-hour exposure may be determined from a
single 8-houx sample or two (2} 4-houx samples. Shoxt term interval
samples ¢tup to 30 minutes? may alse he used to determine average
exposure level if a minimum of five (5) measurements anre taken in a
randeom manner over the 8-hour work shift. Randem sampling means
that any portion of the work shift has +the sane chance of being
sampled &s any other. The arithmetic average of all such random
equal duration samples itaken on oene (1) work shift is an estimate of
an employee's average Jlevel of exposure for thaﬁ work shift. Rir
samples should be taken in the employee's breathing zone (air that
would most nearly represent that inhaled by the employeel). Sampling
and analyses may ha performed hy instruments such as detector tubes

cextified by NIOSH under 42 CFR Part 84, portable direct-reading
instruments, gas and vapor adsorption tubes with subsegquent chemigal

analyses or dosimeters. The method of measurement must detexmine
the concentration of tetrahydrofuran te plus or minus 353%.
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b. EXPOSURE ABOVE THE PERMISSIBLE EXPOSURE: The monitoring under this
section should bhe essentially the same as described under vparagraph
Iv. a. Laboratories perferming chémical analyses. should be
ageredited iIn Industrial Hygiene Chemistry by the Agerican
Industxrial Hygieéne BAssociation C(ATHA). The method of measurement
must determine the c¢oncentration of tetrahydrofuran to plus or minus
25%. Methods meeting these accuracy reguirements azxe available from
HIOSH, '

V. MISCELLANEQOUS PRECAUTIONS

AL Store tetrahydrofuran in tightly closed containers in a cool, wall-
ventilated area.

B. High exposures +to ‘tetrahydrofuran can occur when transferring the
ligquid From one container to asnothar.

o, Hon—-sparling toels must he used to open and close ‘metal
tetzrahydrzofuran containers. These containers must be effectively
grounded and bonded prior to pouring.

D. Stored tetrahydrofuran must be chechked for the'presence of explosive
peroxides and for proper inhihiter concentration.

E. Employers must advise enplovees of all plant sreas and operations
where euwposure to tetrahydreoefuran could occur.

VI. COMMON OPERATIONS

Common operations in which eéexposure to tetrahydrofuran is likely to QCTUxX

are: during its production; its use as a solvent in the preparation of

inks, lacguets, coatings and for polyvinyl chloride and othex plastics;
and as a special solvent for chemical =zreactions in the synthesis of
pharmaceuticals. motor Fuel, vitamins,_hormonesb_periumes,_organomatallio
-compounﬂs and insecticides; and as an intermediate in the production of
adipic acid, butadiensg and acrylic acid.
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APPENDIX C — MEDICAL SURVEILLANCE GUIDELINES

I. ROUTE OF ENTRY
Inhalation.
II. TOXICQLOGY

Tetrahydrotuzran is an anesthetic agent and a mild upper regpiratory tract
irzitant. Exrposurxe of animals to vapor above 3,000 ppm for 8 hours daily
for 20 days produced irritation of the upper respiratory tract. Some
injury to the llver and kldneys was ohssrved which was possibly due to
Ampurities since other studies have not confirmsd these £indings. Con—
centrations above 25,000 ppm profduced anesthesia, with a small margin of
safety between anesthesia and death. Severe headaches were noted among
technicians performing this experiment. Paily 6 hour exposures of dogs
Foxr 3 to 4 weeks at 200 ppm produced only a slight ¢hange in pulse
pressure, but no other signs wers noted even when continued for a total
of 9 weeks, followed by an ﬂddltlonﬁl 3 werks exposure at nearly 400 ppm.

This substance was lletatlng to the skin of rabbits when applied in
agqueous solutionsg exceeding 20% concentration, although it has not heshn
olhiserved to¢ be a significdnt skin irritant or sensitimer in industrial
practice. Ro chroni¢ systemic effects have been reported in Humans,
although naveea, dizziness ‘and headaches are said to 0CCUr with
overexposure and are readily revérsible in fresh air.

ILT. SIGNS AND SYMPTOMS

Ixxltatlon of the eyes and upper respiratory tract; nausea, dizziness &and
heﬁdache may occur at high levels.

Iv. SPECTIAL TESTS

None in comhon usage.

V. TREATHENT
Remove from exposures. Flush eyés and skin with water. If swallowed and
the: pezrson is c¢onsecious, induce vomiting. Recovery is usually rapid and
complete.

VI. SURVEILLANCE AND PREVEHTIVE-COMSIDERRTIDNS
AL GENERAMAL

LR

Most reported effects of tetrahydrofuran are caused by its irritant
properties. It is impoxrtant that the physician becomes Familiax
with plant eoperating conditions in which exposure to tetrahydrofuran
occurs. Those with skin disease may not tolerate the wearing of
protective clothing and those with ¢hronic respiratory disease may
net telerate ‘the wearing of negative pressure respirators.
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Rrotective eye equipment should be worn by all pexrsons eéxposed o
liguid tetrahydrofuran.

PREPLACEMENT

Routine medical histories and physical examination are not reguired.
However, the employer must se¢reen employees for history of certain
medical conditions (Listed below) which might place the employee at
increased risk from tetrahydrofuran exposure. Only tliese giving =a
positive history of +these conditions must be referred Ffor further

medical examinations.

1. Skin disease —- Tetrahydzofuran c¢an cause dexrmatitis on
prolonged éxposure. Parsons with preesisting skin disorders
may be more susceptible to the effects of this agent.

2. Liver disease -~ Although tetrabydrofuran is mnot knoun as a
liver toxin in humans, the importance of this organ in the
bioctransformation and detoxification of foreign substances
should be gonsidered before eXxposing persons with dimpaired
liver function.

3. Widney disease -- Although tetrahydxo£Uran_is not known as a
kidney toxin in humans, the importance of this organ in the
é¢limination ot toxice sulistances justifies special

consideration in thogse with impaired renal function.

4, Chronic respiratoxry disease =-- Tn persons with impaired
pulmenary funcdtion, especially thoése with chstrudtive ailrway
digseases, the breathing of tetrahydrofuran might cause

exacerbation of symptoms due to its irzritant properties.
PERIODIC EXAMINATIONS

Routineg pexiodic examinations are not reguired. Howsver, if the
employer bhecomes aware of an emnployee with <the above listed

Reférences

conditions, he nmust refer such ewmployvee Forxr further medical
eramination.
American Conference of Governmental Industrial Hygienists:

"Tetrahydrofuran,” (3d ed., 2d printing), Documentation of +the Threshold

Values £or Substances in Workroom Air, Cincinnati, 1974, P. 252-253.

Hygienie¢ Guide Series: "Tetxahydrofuran,“ Imerican TIndustrial

Hygiene Association Jéuxrnal, 20:250-251, 1659,



s

ki

(d)

(£

- NIOSH/70SHA Draft Technival Standard
and Suppoxrting Documentation for TETRAHYDROFURAN

REFEREHCES AND SOURCES
TETRAHYDROFURAN
1610.93

Methods of Compliance - Open surface tank classification based on a relat:
evapeoration xate of 0.99 hour.
Fire anf Safety
(1) Elecvtrical -~ Classification based on "Fire Hazmard Classification of

Chemical Vapors Relative to Explosion-proof Blectrical Equipment, ™

H. Caxhart et al., National Academy of Sciences, 1973, report to U. ¢

Coast Guard, report no. CG-D-92-74, p. 20.
Pexrsonal Protective Equipmarnt, and (h) Sanitation

Eye: Sax, "Dangerous Properties of Ind. Materials;" AIBA Hyg. Guides;
fuaker Oats MSDS

Skin: Documentation of TLV's; Browning, "Toxricity and Metabolism of Ind.
Solvent Chemicals;"™ Quaker CGats MSDS

Ingestion: 'NIOSH Toxiec Substances List (1974); Sax, "Dangerous Properties

of Ind. Materials;" Brouning, "“Toxicity and Metaholism of Ind. Solve
COMMENTS

Eye - Classification: 2
Output statement numbers: 10
Exceptions: HNone _
Sax states that the vapors are irritating to the aeves. LATHI

only states "in case of eve contact, irrigate immedisately with 1=z
quantities of water," and that "eye protection is advisahle when
handling ligquid solvent.," Quaker Oats MSDS states "it is an irxi
in c¢ontact with the eyes.™

No specific ddta on the effects ¢f eye contact could be four
in the literature. By analogy with ethylene oxide and other orge
solvents; it is concluded that any injury caused is reversible.

Skin - Classification: 2

Output statement numbers: 2, 7b, 16i, 21
Exceptions: HNHone

Documentation of TLV's states it "was irritating to the skir
rabbits when applied in agueocus solutions ewceeding 20% concentrs
It goes on to say about subseguent experimentation that "in contr
to literature repoxts, tetxzahydrofuran was found not to irritate
or be a skin sensitizexr. Sreater validity is beliewved foxr these
results than those previosyly repoxrted because of the greatex
nuikber of individuals tested."™ Deichmann and Gerarde state "ligu
‘THF applied to the skin of 196 persons was found to be essentiall
non~irritating. Repeated exposure will dehydrate and delipidize
the skin and cause dermatitis.” Quaker Oats M3DS states that
"repsated contact with &kin will cause defatting."

Tetrahydrofuran has a vapor pressure of 145 mm Hg at 20 degz
It is misdible in all proportions with water and has a flash poin
of 6 degrées . _

A classification of 2 is concluded to be appropriate to
prevent the cited effects.

Ingestion ~ Classification: 0

Output statement numbexrs: MNone

Exgeptionst Hone

The Toxic Substances List gives an oral rxat LD50 of 3 gsKkg.
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£ Sax considers the acute local effects of ingestion be seveze
hecause it has heen reporied as causing injury to liver and kidne
- Brouning agrees with effects given and gives a lethal dose hy ozxez
d administrxation for rabbits of 2.5 grhg of a 20 pear cent solution.
Though there is reason to believe that repeated ingestion od
B small guantities of this substance way be harmful, its volatility
] is such that it ig coneluded that, in the contex® of this standaz
ingestion Would not present a hamard in the industrial environmer
SUBSTRHCE TECHHICAL GUIDELIHES
TETRAHYDROFURAN
. I. PHYSICAL AND CHEMICAL DATR
! a. Substance Identification
1. Syrnonyms: Diethylene oxide; tetramethylene ouide;: THF
3 2. Formula: CUHE8Q
! 3. Molecular weight: 72
B. Physical bata
. 1. Beiling peint (760 mm Hgl: 66 C (151 F)
: 2. Specific gravity {(uwater=1): 0.9
3. Vapoxr density (aix=T at heiling point of

tetrahydrofurand): 2.5

4, Melting poinkt: -T08 ¢ (=163 F)
5. Vapoer pressure at 20 ¢ (68 F2: 145 mm Hg
B 6. Solubility in water, % by ueight at 20 C (68 F): HMiscible
! in all proportions
7. Evaporatien rate (hutyl acetate=1): 14.5
. 8. Appearance and odoxr: Colorless liquid with an ether-like
! odor,
II. FIRE, EXPLOSION AND REACTIVITY HAZARD DATA
A, Fire _ _
1. Flash point: ~14.85 ¢ (6 F) {closed cup)
2. Autoignition temperature: 3271 ¢ (610 F)
3. Flammable limits in aix, % by volume: Lower: 2;
Upper: 11.8
&, Extinguishing media: Dry chemical, alecohel foam, carbon
§ dioxide _
b 5. Special fire-fighting procedures: Do not use a solid stream
of water since the streawm will scatter and spreéead the Fire.
Use wateér spray to cool containers exposed to a fire.
6. Unusual firxe and explosion hazards: Tetrahydirofuran is a
flammahls liguid. Tts ‘vapors can easily foxrm explosive
_ mixtures with air., A1l ignition sources must be controlled
{ where tetrahydrofuran is handled, used ox stored in a manner
that could c¢reate a potential fire -or explosion hazazd.
i Tetrahydrofuran vapors are leavier than air and fmay travel
: alonyg the gzound and he ignited by open Fflames or spatks at
- locations remote fzom the site at which tetrahydzofuran is
i handled.
£ 7. For purposes of donforming with the reguirements of 29 CFR
1910.106, tetrahydrofuran is classified as a Class IB
flammable liguid. For example, 5000 ppm, approximately one-

Fourth of the lower F£lammable limit, is one situsation in
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which tetrahydrofuran is considered to be a potential £ire
_ and explosion hazard. _
8, For purposes of complying with 29 CFR 1910.309, the
classitication of hazardous locations as described in Axzticle
500 of the National Electrical Code for tetrahydrofuran shall
be Class I Group C.

¢ B. Reactivity

1. Conditions contributing to instability: Heat and sunlight.
- Z. Incompatibilities: Contact with strong okidizing agents mnay
: cause fire and explosions.

3. Hagardous decomposition products: Toxie gases and vapors
. {such as carbon monoxide) may be released in a fire invelving
' tetrahydrofuras.

i, Special precautions: Tetrahydrofuran will attack soeme £orms
. of plastics,zubber and coatings. Storage in thé pressnce of
f air and light causes +the formation of explosive peroxides

that remain dissolved in tetrahydrofuran. These c¢ontainers

may exploede when their caps or stoppers are removed,
ITT. SPILL, LEAK AHND DISPOSAL PROCEDURES

k. If tetrahydrofuran is spilled oxr leaked, the following steps should
- be Laken: _
K 1. ‘Remove all ignition sources
2. Ventilate ares of spill or leak
. 3. For small guantities, absorb on paper towels. TEvaporate in a
{ safe place (such as a fume hood). Allow sufficient time for
vapors to completely clear the heod ductmoxk, then burn the
- paper. Large quantities c¢an be collected and atomlzed in =
: suitable combustion chamber. Tetrahydrofuran may 1ot de
allowed *0 enter a confined 5916&, suych as a sewer, bedause
- of the possibility of an explosion. _
‘ B. Persons noet wearing p:otectlve equipment should be restricted from
areas of spills oxr leaks until clzanup Jias heen completed.
€. Waste dispoesal methods: Tetrahydrofuran may be disposed of by
atemizing in a suitable combusticn chamber.
IvV. MORITORING AND MEASUREMENT PROCEDURES
. EXPOSURE ABOVE THE ACTLON LEVEL: Measurements taken for the purpose

of determining emplayee axposure under this section are best taken

: such that the average 8-hour exposure may be detérmined from a

P single 8-hour sample oxr two (2) Y-hour samples. Short term interval
samples (up to 30 minutes) may also be used to determine average
exposure level if a minimum of Ffive (5) nmeasureéments are taken in a
random manner ovexr the 8-hour work shift. =Random sampling means
that any portion of the work shift ‘has +the same chance of heing
sampled as any o¢ther. The axithmetic average of all such randon
egual duration samples taken on one (1) work shift i1s an estimate of
an employes's average level of exposure Ffor that work shift. Air

e samples should he taken in the emplioyee's breathing zone (air +that
would most nearly repressent that inhaled by the employeed. Sampling
and analyses may be perféormed by instruments such as detector tubes
certified by HNIOSH wundexr U2 CFR Part 84, poxrtable direct-reading
instruments., gas and vapor adsorption tubes with subsequent chemical

i
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analyses or dosimeters. The method of measurement must determine
the concentration of tetrahydrofursan to plus or minus 35%.

b. EXPOSURE ABQOVE THE PERMISSIBLE EXPOSURE: The monitoring under this
section should be essentially the same as described under paragraph
Iv. a. Laboratories performning d¢hemical analyses should be
aceredited in Industrial Hygiene Chemistry by the American
Industrial Hygiene Assoc¢iation (ATHA). The method of measurement
must determine the coneceéntration of tetxahydzafuran te plus oxr minus
25%. TMethods meeting these accuracy regquirements are available fronm
NIOSH.

v, MISCELLRNEOUS PRECAUTIONS

A. Store tetrahydrofuran in tightly closed containers in a cool, well-
ventilated area.

B. High ekposures +to +tetrahydrofuran can oceur when tzansfarxlng the
ligquid from onée ¢containexr to another.

Cc. Non—spaxriing tools mus t bhe used +to open and <¢lose metal
tetrahyvdrofuran containerxs. These containers must be affectively
grounded and bonded prior to pouring.

. Stored tetrahydrofuran must be checked £o6xr the presence of explosive
peroxides and for propar inhilbiter cdoncentration.

E. Employers should advise empleyees of all plant areas and operations
whaerg exposure to tetrahydrofuran could occeurx.

VI. COMMON OPERATIONS

Common operations in uwhich exposurxe to tetrahydrofuran is likely to occur

are: during its production; its use as a solvent in the preparation of

inks, Jlacquers, coatings and fox polyvinyl chlozide and other plastics;
and as & special solvent for chemical reactions in the synthesis of
pharmaceuticals, motor fuel, vitamins, hormones, rexrfumes., organometallic
compounds and insecticides; and as an intermedisate in the production of
adipiec acid, butadiene and acrylic agid.

RESPIRATOR TARRLE DOCUMENTATION

SUBSTAHCE: Tetrahydzofuran
D. 0. L. STAMNDARD: 200 ppm
WARHNING PROPERTIES:

Gdor Thresheold: Stauh and Summer Lboth report an odor threshold for
tetrahydrofuran of 30 ppm. _
Eye Irxrritation Level: Saxr réports that tetrahydrofuran is an eye

irritant, and Stetchexr, Browning., and tHe ILO indicate that it

is & mucous membrane irritant, but the concentrations which produce
irritation are not given. The Randbook of Organic Industrial
Solvents reports that tetrahydrofuran "may cause irritation to
mucuous membranes at concentrations higher than the threshold limit,"
but no quantitative information is available concerning the

threshold of eye irritation. Therefore, only full Facepiece
respiratoxrs are pezrmitted.

Other Information: ™The TLV of 200 ppu is recommended to protect
against irritative effects and has a wide margln of safety for
nareotie and systemic effects,” ageording to the Dooumantatlon of
TLV's

Evaluation of Warning Properties: Since the odor threshold of

tetrahydroinran is well bhelow the permissible exposure limit,
tetrahydrofuran is treatéd as a material with good warning properties.
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Gas sorbent respiratory equipment is permitted.
IDLH: 20,008 ppm

Basis for TIDLH Value: The AIHA Hygienie¢ Guides state that exposure
to "25,000 ppm will cause anesthesia. Congentrations of 17,0600 ppm
appear to he safe for three hours." Therefore, since 20,000 ppn
is the lower flammable limit of tetrahydrofuran, this has been
chosen as the IDLH goncentration.

Othex Toxicologic¢al Information: The Documentation of TLV's states
that "Stoughton and Rebbins féund concentrations greater than
25,000 ppm were reguired to produce anesthesia which had a delayed
induction period and recovery with poor relawation; this was
accompanied by a fall in blood pressure and strong respiratory
stimulation. There was a small wargin of safety between anesthesia
and death in dogs and in mice. Severe headaches were noted among'
the technicians performing the experiments.

"Aettel exposed cats, rabbits, rats and mice to
tetrahydrofuran at concentrations ranging from 3490 to 60,000 ppm
for periods up te six hours duration. Aften ten three-hour to
thirty six-hour exrposures ranging from 3400 to 17,000 ppin, there
was no evidenece of kidney damayge and changeés in the livers of cats
and rabhbits. The action of tetrahydrofuran was compared with that
of ethyl ether."

The ATIHA Hygienic Guides state that exposure to "25,000 PPm
Wwill ¢ause anesthesia. Concentrations of 17,000 ppm appear to be safe
for three hours." _

‘Brouninyg gives the followinyg narcotic doses by inhalation
for experimental animals: “for mice, 6.7 vol % in 8§ min; 1.1 vol %
in 43 min; for dogs., 5.7 vol % (okygen nixture) for 2 h.

LFL: 20,000 ppm
VAPOR PRESSURE AT 20 C: 145 mm Hyg
SATURATED CONCEMNTRATION AT 20 C: Approxima%ely 190,800 Pp

1t
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USE/EXPOSURE AND CONTROL DOCUMENT

TETRAHYDROFURAHN
Principal Route

Use/Exrposure
Inhalation of vapor and
skin contact with vapor
and liguid during use
ag a solvent in the
preparation of printing
inks, adhesives., lacguexs.,
and other coatings

Inhalation of vapor and

skin contact with liguid
durihyg use as a Grignard
reagent in the syntheses
of motor fuels, wvitamins,

hormones, pharmaceuticals,

synthetic perfumes, organo—
metallic compounds and
insectic¢cides

Inhalation of vapor and
skin ¢ontact with ligquid
during use as an inter—
mediate in the prepara-
tion of various chemicals,
including adipic acid,

of Entry
A,B

hutadiene, polytetramethylene,

and acrylic acid

Currently Used
control Methods
General dilution ventila-
tion; pexsonal protective
devices (xzubber gloves,

goggles, respiratoxy
protective devices)

General dilution ventila-

tion; process esnclosure;

personal protective deviges
(rubber gloves, goygles)

Gerneral dilution ventila-
tion; process enclosure;
pexrsonal proitective devices
{xubber oloves, goggles)

Inhalation of vapor and skin L,B General dilution ventila-—
sHin contac¢t with liguid tion; process enclosuze;
duting manufacture of personal protective devices
tetrahydrofuran (rubber gloves, goggles)

A —— Inhalation

B -~ 8kin contact resulting in

localizged irritation
C -- Ingestion
D -— Skin contact resulting in

absorption and subseguent

systemic poisoning
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