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NHIOSH/0SHA Draft Technical Standaxd
and Supporting Documentation for STYRENME

The basiec texrt of this docdument contains the draft technical standazrd
approved by the Joint Review Committee of the HIOSH/OSH& Standaxds
Completion Program and the supporting documentation for the substance
STYRENE.

The SCP draft technieal standards are xecommendations to the Department of
Labor for its con51deratlon in rulemaking and have ne legal status until
£inal rules Thave been promulgated by that agency. This draft standard is
provided for your infoxmaticn only.

The Referénces and Sources, Respirator Table Decumentation and Use/Exposure
and Contrel Documentation are the working documents used by the various SCP
workinhy groups during the development of the draft technical standard and
sexve as the technical foundation for the standazd. The classification Ffor
each substance and the zregulatory statements were dexrived following a
de01smon logic established for the various sections of the standard.
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DEFINITIONS

PERMISSIBLE EXPGSURE - "Permissible Exposure™ means inhalation of
styrene in concentrations not in excess of 100 parts pexr million
(ppm) averaged over an 8-houxr work shift and not in excess of 2090
parts per million (ppm) at any time during an 8-hour work shift
ercept that an exposure not in excess of 600 parts per willion (ppml
for an aggregate of 5 minutes in any 3 hours shall be permitted as
stated in Section 1910.%3, Table G-2,

ACTION LEVEL =~ T"Acgtion Level™ means one half (17/2)Y of the time

averayed permissible enposure for styrene for an 8-hour work shift.

EMPLOYEE INFORMATION - Each employer iho has a workplace in which

styrene is present shall:
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STANDARD AVAILABILITY - Keep & copy of this section with its
appendices at the workplace. This material shall be made zTeadily
available to affected employees; and

PRESENCE OF STYRENE ~ Inform affectéd employees of the guantity,

location, and manner of use or storage of styrene.

EXPOSURE MEASUREMENT

INITIAL DETERMINATION - Each employer who has a place of employment
in which styrene is released into the workplace =air shall determine
if any employee wmay be exposed to airborne concentrations of styrene
at or ahove the action level. The detérmination shall be made each
time there 35 a change in production, process, or control measures
which could result in an increase in aithorne concentrations of
styrene. A uritten detemination shsll be made and it shall contaln

at least the following information:

(i) Any information, obsexvations, or cgalculations which would
indicate employee exposure to styreng;

(ii) ‘Any measurements of airborne concentrations of styrene

_ taken;

¢iii) Any employee complaints of symptoms which may be attributable
to exposure to styrena; and

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

INITIARL EXFOSURE HEASUREMENT - If the empleyer determlnes that any

employes may be euposed to airborne concentrations of styrene at or

above the action level, +the exposure of the employeeg bhelieved to

have the ogreatest exposure shall bhe measured. The exposure

measurement .shall be representative of the maximun exposure 6f the

emnplovee.
INDENTIFICRTION OF EXPOSED EMPLOYEES - If the exposure measurement

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

exposure to airborne concentrations of styrene at or above the

action level; the employer shall:

(i) Identify allzemployees who may be expossd at or above
the acticen level; and
(ii2 Measure the exposuré of the employees so identified.

TERMINATION OF EXPOSURE HMNEASUREMENT - If two censecgutive employvee

exposure measurements taken at least one week apart reveal that the

employee is exposed to airborne concentrations of styrene below the

action level, the employer may terminate measurement <for the
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employee. ‘For purposes of +this subparagraph, use of respirators
shall not c¢onstitute reduction ¢f ewmployee exposure helow the action
level. _

EXPOSURE ABOVE THE ACTION LEVEL - If an employee exposure
measurement reveals +that an employee 1is exposed to girborne
concentrations of styrene at ot ahove the action level, but not
above the permissible exposurxé, the exposure of that employee shall
be measured at least every twe meonths.

EXPOSURE ABCVE THE PERMISSIBLE EXPOSURE - If an emp10YEe-exgdsure
measurement reveals that an employee is exposed to aizhorne
concentrations of ‘styrene ‘above the rermissible euposure, the
employer shall:

€i) Infoxrm the employee of the exposuze as required by para-
graph (NX(1) of this section: and
£ii} Measurg the exposurxe of the employee at least monthly; and

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

METHODS OF MERSUREMENT - An enmployee's éxposure shall he obtained by

any combination of long term or short term samples which repzesents ‘the
employee's actual exposure averaged over an the time periods appropriate
to the permissible exposure {Appendix B (iv}). The method of measurement

shall have an accuracy, t6 a confidence level of 95%, of not less than
that given in Table 1 belouw.

Tahble 1

Corncentration Reguired Accuracy

Above permissible eéxposure Plus or Minus 25%
At or Lelouw permissible exposure

and ahove the action lIevel Plus or Minus 35%
Bt ox below the action level Plus or Minus 50%

{e)
(1)

€2)

Hethods of compliance

Engineering controls - No employee shall be exposed to styrene above

the permissible limit as defined in paragraph (alY(1) of this

segtion. Engineering and work practice controls shall be used to

reduce exposure to styrene to at or below the permissible exposure.

(i) When meehanical ventilation is used to control aRpoOsSUre,
measurements whic¢h demonstrate system efficiency (for
example: air velocity, static pressure, ox air volume) shall
be made at least every three months. Measurements of system
efficiency shall also be made within five work daysy of any
change in production, process, 6r control whidh might result
in a reduction in c¢ontirol.

(ii) Vthere a $an d4s located in duct work and where styrene is
present in cdoncentrations greater than 2750 ppm., one fourth
of the lower f£flammable limit, the fan zotating element shall
be of nonsparking material or the casing shall consist of, oI
be Iined with, nonsparking material, Theze shall ‘he
sufficient clearance between the fan rotating element and %the
fan casing so as to prevent contackt.

Respirators

{i? Cowmpliance with the permissible exposure may noét he achieved
by the use of respirators except:
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During the time period necessary to install engineezring
controls;: ox '

In work situations 4in which engineering controls azxe
technically not feasible; oz

In woxrk situations in which feasible engineering angd
work practice c¢ontrols are iInsufficient to reduce
employee expesure to at or lhelow the permissible
exposure. Where technically feasible engineering and
work practite controls are not sufficient to reduce
exposure. to at or below permigsihle exposure, thaey shall
be used to reduce exposure to the louwest level feasible;
or :

Fox operations net exceeding 40 hours pexr year; or

In emexgencies.

(ii) Respirators shall be jointly apprroved by the Mining Enforce-
ment and Safety ARdministration (formerly Bureau of Mines) and

by

the National Institute for Occupational Safety and Health

under the provisions of 30 CFR Parxrt 11.

(iii) Ewployers shall select and provide the appropriate respirator
from Table 2 and shall ensuxef that +the employee uses the
respirator provided.

(iv) Empleovers shall institute a tespiratory protection program in
accordance with sections 1910, 134(h),(d),te),(£) and (g).

TABLE 2. RESPIRATORY PROTECTION FOR STYRENE

Condition

Vapor Concentrations

Equal teo or Less
than 400 ppm

Equal to or Less
than 1000 ppm

Egual %o or Less
than 5000 ppm

Egqual to or Less
than 10 000 npm

Any chemical cartridge respirator with organic vapox
cartridge(s).

Any supplied~air réspirator.

Self-contained breathing apparatus.

A chemical cartridge trespirator with a full facepiece
and organie vapor cartridgel(s).

A gas mask with a front or back mounted organic wapor
canister. _

Any self-contained hreathing apparatus with a

full facepiece.

Any supplied-air respirator with a full facépiece.
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mode or with a full facepiece, hoot, or helmet
operated in continuous flow mode.

Greater than Self-contained breathing apparatus with a full facepicce
10 000 ppm or
Entry & Escape
from Unknown supplied-air tespirator with a full facepie¢ce operated
Concentrations
flow mode and an auxiliary self-contained air supply
operated in pressure-demand mode.

_— e e e e e = e mm e e e e e mr e e = = e e e me i omm e e e e e e e e e e

Fire-Fighting Self-contained brsathing apparatus with a Full face-
piece operated in pressure-demand (positive pressuze)
mode.

Escape Any gas mask providing protection against oxganic
vapoxrs..

Any escape self-contained breathing apparatus.

¢£) Fire and Safety
Employérs shall familiarize themselves with the information contained in
the Substance Technical Guidelines for styrene which is contained in
Appendix B in oxder to ensure the safe handling and use of styrene.
{1} Electrical - For the purposes of conpliance with section 1910.309,
locations c¢lassified as hazardous locations due to the presence of
styrene shall be {lass T Group D.

(2) Portable Ffire extinguishexrs - Fox the purposes of compliance with
section 1910.157, styrene is classified as a Clase B fire hazard.
(3) Pouwered 1iIndustrial +txrucks - For the purposes of compliance with

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

(#) Flammable ligquids =~ For +the purposes of compliance with section
1910, 106, liquid styrene is c¢lassified as a Class IC flammabla

_ Tiguid. .
{5) Sources of ignition - Sources of ignition such as smoking o6r open

flames are prohibited where styrene is used, handled or stored in a
mannek so as Te create a potential £fire or euplosion hamard.

(6} Storage — Styrehe shall be stored so as not to come in contact with
oxidizing agents and catalysts for polymerization such as peroxides,
strong ‘acids and aluminum chloride. The monomer shall be checked at
least weekly'to determine inhibitor and polymer content if the
material is being stored in eéxcess of 30 days at 90 F.

~{(g)  Personal Protective Equipment.
(1} Skin contact
(i) Employers shall provide, and reguire employees to use,

impervious clothing, gloves, face shields (8 dinch minimum)
and other appropriate protective c¢lothing necessary to

il
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prevent repeated or prolonged sRkRin contact to styrene. Face
shields shall comply with section 1910.133(a)(6).

{iid Employers. Sshall ensure that «c¢lothing contaminated with
styrene is placed in closged contairiers. Employers shall

provide for the cleaning or disposal of such elothing and if
the e¢lothing is to be laundered ox otherwise cleaned, shall
inform the person performing this operation of the hazardous
properties of styrene.

(iii) Employexrs shall ensure that non- impervidus vlothing which
hecomes wet with styrene be removed promptly and nget reworn
until the styrene is rémoved from the ¢lothing.

(iv) Employers shall ensure that c¢lothing whiech becomes wet with
styxene be removed immediately and net reworn until ths
styrene is removed f£rxom the c¢lothing.

‘Eye Contact

(i) Employers shall provide, and require employees ‘to use,
splash-proof safety goggles {cup-coverx type dust and splash
safety goggles), which <comply with seetion 1910. 133¢al(6),
where eve contact to liguid styrene may occur.

Spills

Spills of styrene shall be cleaned up immediately aiter eliminating

potential sources of ignition and utilizing. available ventilation.

Liguid styrene may not be allewad to enter a confined ‘Space, such as

a sewer, because of the p0551b111ty of an explosion.

Sanitation

Employexs shall ensuxe +that employees whose skin becomes wet with

styrene promptly wash or shower ag necessary to remove any styrene

from the skin.

Wheére skKin contamination may occur and showers are required for

adequate cleaning of the body, ewmployers shall provide showers as

described in section 1210. 141(d)(3)

Training and Iniormatlon - Each employer who has employees exposed

to styrene in excess of the action level, ox employees who may have sKkin

oY eye contact with ligquid styrene, ox emnployees who woerk where
accidental release, spill, fire, or explosion of styrene may occur, shall
annually: _

(1) Substance Safety Data Sheet - Inform each employee oFf the

(2)

(3)

information contained in the Substance Safety Data Shest for
styrene, which is contained in Appendix A and

Medical -
(L) Advise employees as to the signs and symptoms of exposure to
styrene. _

(I Instruct the employees to advise +the employexr of the
development of signs =and symptoms of enposure +to styrene
which are listed in Appendix &, '

(IIX) Instruct the employees to inforxrm the employer if they develop
any of the medical c¢onditions listed in (k)(2) of +this
section; and

Procedures -

(L) Provide training to insure that eémploveés understand the
precautions of safe use, emergency procedures, and the
gorrect use of protective equ;pment relatlva to styrene.
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(II) The procedures zreguired by (3)(1Y, (2);, and (3)(I) shall he
provided to employees at the expénse of the employer duxing
the employee's mormal working hours.

(k) Medical Surveillance
{1) The enmployéer shall provide medical procedures as required by para-

graph (k). These procedures shall be provided at no tost to the:  employee.

{2) Preplacement ¢Questionnaizxe - The employer shall obtain from each
employee uho will he exposed teo ligquid styrene, or airborne c¢éndentrations
of styrene at or ahbhove the action level, a uwritten statement as to whether

such. employee has a histOry'of any of the following:

(i} Kidney disease
tii) Livey disease
(iii) Chroniec lung disease
Civ) Skin disease _
(v} Central nervous systenm disorders
(3} Preplacement Medical Examination - The employer shall provide a

medical examination for an ewployee if the employee provides a higstory of

any of the conditions named in paragraph (k){(2).

(43 Results of Preplacement Examination -~ Thée employer shall obtain a
rphysician's written opinion hased on the medical examination pursuant to
paragraph (kR)(3).

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

(i) Any of the medical conditions listed in (R)(2),
(ii}. Signs and symptoms listed in Appendix A which the employee
suspects may be caused by exposure to styrene.
{6) Results of Periodic Examinations - The employer shall obtain a

physician's written opinion based on the medic¢al examination pursuant to
raragraph (K}(5). ' _

{7) Exrclusion or Removal from Exposure — No employee shall be erxposed to
styrene if such exwposuxe could place the employee at increased zisk of
material impairment of his health,

{8) Emergency Proceduxes - The employer shall provide emergency and
follow-up medical examinations and treatment for any employee dinjured
through exposureé to styrene.

(9) Informing the Physician - The employer shall provide to the examin~
ing physician thé following information:
(i) B vaopy of this regulation feor styrene;
tii) A description of the employee's duties as they relate to his

exposure Lo styrene;
(iii) B description of any personal protective eguipment reguired
to he used;

(iv) The results of any employee's exposure measurement, if avail-
able;

Cv) The employee's antiecipated e¥posure level; and

(vi) Upon zequest of the physieian, information from previous

medical examination of the employee.
(10) Physician's Written Opinion
(i) The physician's writtéh opinion shall lbe a signed statement
by the examlnlng physieian specifically stating:
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(a) Whether the employee has any detected medical conditions

which could he directly or indirectly aggravated hy exposure to styrene or

il

which could significantly interfere with the ability of the emplovee to
follow redommended or required rrocedures for protecting himself fFrom
unusual or emergericy exposure.

(k) Any recommended Iimitations upon the employee's exposure
to styrene.

{c) The -employee has been informed hy the physician of any
detected medical conditions which required further medical examination or
treatment.

(ii) The written opinion shall not reveal medical information
unrelated to exposure to styrene.
(11} Refusal to ba Medically Examined = If an employee refuses any

regquired medical egamination, the employer shall inform the employee of the
vossiblé health conseguences ¢I such refusal and obtain a signed statewent
from the employee dindicating that the enmployee undexstands the risks
involved by refusing to be exanined.

(1) Recordkesping.
(1) Initial determination. _ _
(i) The employer shall Reep an accurate record of all initial

detéerminations required to be made pursuant +to paragraph
(e¢)(1) of this section.
(ii) The rec¢ord shall incliude the written determination and any
: supporting documentation as reguired in varagraph (e)(f§) of
this section. ' '
(iii) This recoxrd shall be maintained for at léast one year.
{2) Euposure measurenmnents.

i) The employer shall Keep an acgurate record of all measure-
ments taken to determine employee exposure to styrene.
(33) This record shall include:

(a) The date of measurement;

{8) A reference to the subparagraph of this regulation which
required the measurement, if any;

(¢) Operations invelving exposure to styrene which are being
monitored;

(d) Sampling and analytical methods vused and evidence of
their accurxacy:

(2) HNumber, duration, and results of samples taken:

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

(iii) This record shall be maintained for one vaar.
(3) Mechanical ventilation.

(i) When mechanieal ventilation is used as an engineering
gontrol; thé employer shall maintain = record of measurements
demonstrating the effectiveness of such ventilation as
required by paragraph (e)(1)(i) of this section.

(ii) This record shall include:

(a) Date of measurements;
(b} Type of measurement taken;
(¢) Result of measurement.
(iii) This record shall be maintained for one year.
(4) Training and information.
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(i) The employer shall keep an accurate record of all emplovee
training and advice xequired by paragrapvh {3) of this
section.

(id} The zecord shall include:

{a) Date of trainings
(1) Name and Social Security number of employvees trained;
tc) Substance of training provided.
(iii) This zecord shall be maintained for at least one year.
Medical records.

i) The employer shall %Zeep an acturate medical record for each
_ employees .,
cii) The recoxd shall inc¢lude:

(aY Physician's writfen opinien;
(h)} Preplacement questionnaite;

(¢) Any employee medical complaints relative to exXxposure to sty

(d) A signed statement of any refusal to6 be examined;
(e) A copy of information provided to the physician pursuant
teo paragraph (K)(9) of this section.
(iii) This =zegord shall be maintained for +the duration of the
employment of the affected emplovee.
Aceess t¢ records. _
(i) All records required to bhe maintained by this sec¢tion shall
be made availahle upon request to auttherized representatives
of the Assistant Sscretary and the Director.

(ii) Employee exposure measurement recerds required to he
maintained by this section shall be waie available to
emplovees and former emnployesas and their designated
representatives. '

(iii) Employee medicasl records regquired to he maintained by this
section shall he made available upon written =regquest to .a
rhysician designated by the employee or former emplovee.

Observation of monitoxing.

Duty.
The employer shall give affected employees or their representatives

an opportunity to obhserve any monitoring of employee 'axposure to

styrene which is conducted pursuant +o this section.

Exexcise of opportunity to observe monitoring.

(i2 When obsezvation of +the monitoring of employee exposure to
styrene reguires entry into an area where the use of personal
protective devices is required, the ohsexver shall use such
equipment and comply with =2all other applicable safety
procedures. '

(idi) Without interfering with the measuremwent, observers shall be
entitled to:

(a) Réceive an explanation of the weasurement procedures;

{bh) Visually observe all steps related to the measurement of
egposure to styrene that are leing pexformed at the
prlace of exposure.

(c) BRecord the results obtainsd.

Employee notification.

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

employee who is found to be exposed to styrene above the permissible
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eRpPOSUTe. The employee shall also be notified of the level of his
exposure and the c¢orrective adction Dbeing +taken to ‘reduce the
auxposure to at or below the permissible exposure.

Pursuant +o0 paragraph (X&) of this Saction, when an emplovee is
medically examined the emplovex shall provide the ‘emplovee with =
copy of the physician's written opinion.
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APPENDIX R

SUBSTANCE SAFETY DATA SHEERT

T. SUBSTANCE TIDENTIFICATION
SUBSTAKCE: Styzene_ _ _
PERMISSIRBLE EXPCOSURE: 100 parts of styrene vapor pexr million parts of

air (ppm)}, 8-hour time weighted average, with a ceiling of 200 pyw
and a marimum peal concentration of 600 ppm feor 5 minutes in any 3
hours.

APPEARANCE AHD ODBOR: Stgrene is a c¢olorless liguid. At low concentra-
tions styrene has a sweat odor but at higher concentrations styreﬁe
has a sharp, penetrating disagreeable odor.

IT., HEALTH HAZARD DATA
k. Ways in Which +the <Chemical Rffects Your Body! Styrene can affect

your bedy if you inhale it, swallow it or if it comes in contact
with yeour skin or eves.

B. Effevts of Overexposure:

1. Short-Term Effects: Btyrene may irritate your eyes, nose,
throat and skin. High c¢oncentrations may cause yvou to hecome
sleepy or to become unconscious.

2. Long—Term -Bffects: Repeated skin e¢ontact +o styréne may
produce a skin rash.

3, Reporting Signs and Sywptoms: You should dinform your

employer if you develop any signs ox symptoms associated uith
styrene exposure.

ITT. EMERGENCY FIRST RID PROCEDURES
A. Eye ExXposure: If styrene gets into your eyes, wash your eyes
immedidtely with large amounts of water, lifting the lower and upper
lids ocgasicnally. Get wmedical attention as socon as possible.

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

B. 8kin Exposurxe: If styrene gets on your non-impervious clething or
skin remeve and clean the contaminated c¢lothing =and £lush <the
gontaminated skin with water when +there is skin irzitation, get
medical attention,
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¢. Breathing: If vou or any other person breathes in large amounts of
styrene remove the esnposed person Lo £fresh air at once,. When
breathing is difficult, properly trained personnel may assist the
affected person by administering ouygen. TIF breathing has stopped,
pexrform artificial respiration. Keep the affected person warm and
at rest. Get medical attention as socon as possible.

. Suwallowing: If styrene has been sualiqwed, do not cause vomiting.
Get medical attention immediately.

E, Rescue: Tove affected person from the hazardous exposure. If the
exposed person has been overcome, notify someone else and put into
effect the established emergency resgue procedures. Do not become a
casualty yourself. Understand your emergency rescue procedures and
know the locations of the equipment before the need arises.

IV. RESPIRATORS AND PROTEGCTIVE CLOTHING

A, RESPIRATORS: Respirators are not the best way to control exposure to
styzrene. You ¢an only be required to wear them for routine use if
your employer is in the process of installing controls or otherx
control measures prove inadequate, You wmay be required Lo wear
respirators for non-routine activities or in emergencies. If
respirators are worn, they must have a Mining Enforcement and Safety
Administration (MESA)/Hational Institute fox Oc¢cupational Safety wand
Health (NIOSH) approval lahel. {0lder respirators may have a Buréeau
of Mines approval label.)

If you can smell styrene while wea¥ing a respiratoxr, the
respirator is not working cozxrectly; go immediately to fresh air.
I£ you experience difficulty breathing mhi;e.weaxing-a respixator,
tell your employer.

B. PROTECTIVE CLOTHING: You must weaxr impexvious clothing, gloves,
face shield, and other appropriate protective <clothing over any
parts of vyour body that <¢ould zxrepeatedly be exposed to styraene
liguid.

C. EYE PROTECTION: You must wear splash-proof safety goggles if it is
possible that styrene may get into your eves.

. PRECAUTIONS FOR SAFE USE, HANDLING, ARND STORAGE

styrene is a flammable Tliquid and must be stored in tightly closed

containers, in a cool, well-ventilated area away f£rom ignition souxces,

oxidizing agents, acids, alkalies, and ammonia. You must comply with the
manufacturers recommended storage practices te prevent self-reaction.

Metal styrene storage containexs must be bhonded and grounded whéen

transferring liquids &and must be opened and closed with non-sparking

tools. You must not .smoke in areas where styrene is used, stoxed ox
handled. T£f your non-impervious c¢lothing becomes wet with styrene, you
must promptly <rémove the clothing and do not wear it again until the
styrene has been removed. If youxr skin becomes wet with styrene, you
must wash or showexr promptly., Five extinguishexs, where provided, must
be readily available and you should Kknow wheére they are snd how to
opexrate them. Ask your supervisocr Whezrs styrene is used in your work

area and for any additional plant safety rules
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APPFENDIX B

SUBSTANCE TECHNICAL GUIDELINES

STYRENE

PHYSIEAL AND CHEMICAL DATA

Suhstance Identification

1. Synonyms: Phenylethylene; vinylbenzene; c¢innamene;
styrene monomer.

2. Formula: C6H5CH=CH2

Physical Data _

1. Boiling point (760 mm Hg): 145 ¢ (293 ¥)

2, Specificd gravity (water=13): 0.90

3. Vapor density (air=1): 3.6

Yy, Melting point: -30.6 € (-23 F) .

5. Vapor pressure at 20 C (68 F): 4.5 mm Hg

6. Solubility in water, % by weight at 20 ¢ ¢68 F): 0.03

7. Evaporation rate (butyl acetate=1): 0.49

8, Appearance and odor: Colorless liguid with sweet arowmatic
odor at lou_concantxations. Sharp penetrating and disagree-
able at higher concentrations.

FIRE, EXPLOSTION AND REACTIVITY HAZARD DATHA

Fize

1. Flash point: 32 € (80 F) (closed cup)

2. Autoignition temperature: 480 ¢ (914 F) _

3. Flammable limits in air % by volume: . Lower: 1.1;

Uppexr: 6,7 _

Y, Extinguishing media: Dry chemicsl, foam, or ¢arbon dioxide.

_ Larger fires are best fought with foam.

5. Special fire-fighting procedures: Do not use solid stream of
water, since stream will scatter and spread fire. Use water
spray to Lkeep containers cool. Firefighters should wear
sélchontained breathing apparatus. Large <fires must be
fought from a distance, ox from protected locations.

6. Unusual fire and explosion hazards: Styréne is a flammable
liquid. TIts vapors can easily £orxrm explosive mixtures in
air. ALl ignition sources must be controlled when styrene is
used, handled, and stoxred. styrene vapors are heavier than
aixr; thus the wvapors may ‘travel  along the ground and be
ignited by open Flames ox sparks at locations remote from the
site at which the styrene is ‘handled. The vapozrs are
uninhibited and may form polymers in vents or flame arresters
of storage containers.

7. For +the purposes of complying with 29 CFR 1910. 106, styrena

is classified as a Class IC Flammable ligquid. At 2750 "ppm,
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one~fourth of the lower £lammable limit, styrens is con-
sidered & potential fire .and explosmon hazard.

8. For the purposes of complying with 29 CFR 1910.309, the
013551£lcat10n cf hazmardous locations ag described 1n Article
500 of the Hational Electrigal Codea for styrene shall be
Class I, Group D. '

Reactivity

1. Conditions contributing to instability: Styrene is stabilized
by a polymexrization inhilitor (often tert- ~butyleatechol), If
this is not present in ‘adequate concentrations styrene vc¢an
polymerize and explode its containex. The polymexization is
also speeded up by temperatures above 66 ¢ (150 F).

2. Incompatibilities: Oxidizing agents and catalysts for vinyl
pelymerization such as perorides, stronyg acids and &luninum
chloxide.

3. Hazardous decomposition products: Tori¢ yases and vapors
{such as carbon monoxide) may be released in a Fire 1nvolv1ng
styrene fumes from fire are very aorid.

4. Special precautions: Styrene will corrode copper and copper
alloys and disscolve rubbex.

SPILL AND LEAK PROCEDBURES

If styrene is spilled or leaked, the following steps should he

taken:

1. Remove all ignition sources

2. Ventilate area of s5pill oz leak

3. For small guantities, absoxrh on paper towels. Fvaporate in a
sate place (such as a fume heood) and burn the paper. large
quantities, ¢an be <¢collected and atomized din a suitable
combustion chanmbex. Combustion may be improved by mixing

with a more flammable lTiguid.
Persons not wearing protective eguipment should be réstricted from
areas of spills or leaks until cleanup has been completed.
Waste Disposal Methods:
styrene may be disposed of:
1. By absorhing it in vermiculite, dry sand, earth or a similar
material and d15p051ng in a sanitary land £i11.

2. By atomizing din a suitable combustion chamber. Combustion

may be improved hy mixing wlth a more flammable llquld
MONITORING AND NEHSUREHEHT PROCEDURES
EXPOSURE ABOVE THE ACTION LEVEL (&—hour exposure evaluation):
Measurements taken din a Zfashion such that <the average 8-hour
exposure may be determined fxrom a single sample or two (2} Y~-houx
samples. Short term interval samples (up teo 30 minutes) may also be

used to determine average euposure level if a minimum of five (5)

measurements are taken in a random manner ovexr <the 8-hour work
shift. TRandom sampling means that any portien of the work shift has
the same c¢hance of being sampled as any other. The arithmetic

average of all such ¥*andom egual duration samnples taken on one (1)

work shift is an estimate o0f an employee's average level of exposure

for that work shift. Airx sampleés should be taken in the_employee %]

breathing =one (air that would most nearly represent that inhaled by
the employen).
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EXPOSURE ABOVE THE ACTION LEVEL (Ceiling Evaluation): Measurements

taken for the purpose of determining employee ewxposure undex this
section must be taken during periods of maximun expected airborne
concentrations of styrene, Ea¢h measurement should consist of a 15-
minute sample or series of consecutive samples totallng £ifteen (15)

minutes in the employee's hreathing =zone, A minimum of -thres

measurements should be taken on one work shift and the highest of
all measurements taken is a good estimate of +the employee's
exposure.

EXPOSURE ABOVE THE ACTION ILEVEL (Peak Above Ceiling Evaluation):
Measurements taken for the purpose of determining employes exrposure
under this section must be taken during periods of marimum expected
airborne concentrations of styrene. Each measurement should consist
of a b-minute sample or sexies of consecutive samples totaling five
(57 minutes in the employee’s breathing zene (air +that would nmost

nearly represent that inhaled by the émployee). A minimum ¢f three
measurements should be taken on one work shift and the highest of
all measurements taken is a geoed estimate of the employee's
EHpOSUre ..

MONITORING TECHNIQUES: The sampling and analyses under this section
may he peérformed by instruments such as: detector tubes cexrtified by
HTOSH undex U432 CFR Part 84, portahle direct-reading lns%ruments, gas
vapor adsorption tubeas with subseguent chemical analyses, or
desimeters. The nethod of measurement must determine the
concentration of styrene to plIus or minus 35%.

EXPOSURE ABOVE THE PERMISSTBLE EXPOSURE: IThe monitoring undex this
section should be essentially the same as described under paragraph
Iv. a-1. Whén sampling Zfor peak exposure evaluations, meoxe than
three (3) messurements should be taken during the work shift so that
increased c¢onfidence may be placed in the judgement that the
employee has or has not, in fact., been exposed in excess of the

permissible limit. Laboxatoxries performing chemlcal analyses should
be accredited in TIndustrial Hygiene Chemistry by the American
Industrial Hygiene Assocciation (ATHA). The method of measurement

must determine the concentration of styrene %to plus or mwinus 25%.
Methods meeting these aécurady requiremehts are available in the
"NIOSH Monitoring Methods Manual™.

MISCELLANEQUS PRECAUTIONS

High exposure to styrene can occur when transferring the ligquid Ffrom
one container to another.

Non- spaxklng tools must be used to open and. cleose styrene containers
which must be effectively honded and. ‘grounded prior %o pouring.
Store styrene in tlghtly cleosed containers in a cool well-ventilated
area away from ignition sources and polymerization cvatalysts.
Styxene should be stored in a well-ventilated place below 21 C (70
F). X% material in storage is above this temperature the inhibitor
content specified by the manufacturer should be checked weekly after
30 days. .

Styrene vapors axre not inhibited. They can polymerize and c¢log ‘tank
vents and flame arresters.

Employers must advise emplovees of all plant areas and operations
where exposure +to styrene could occur.
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COMMON OPERATTIONS

Some common operations in which high exposuras to styrene could ocour are
in the manufacture of styrene from ethylbenzene and the uses of styreng
in the manufacture of synthetic rubber latex, polyester resins (as in
glass-reinforced bhoat hulls), ion-exchange <xesins, styrenated oil and
styrene molding compounds.
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APPENDIX C - MEDICAL SURVEILEANCE GUIDELINES
I. Route of Entry
Inhalation; sKkin absorption.
IT. Toxicology

Exposure to concentrations of styrene above 200 prm c¢auses irritation of

the eyes and upper respiratory tract. There is cracking and 1n£lammatlon
of +the skin dué to defatting. Higher exposures depress the c¢entral
nervous system. Electroencephalographic changes have been reported,

Styrene is excreted f£airly =zrapidly in the urine., largely as hippurxic
acid.

TIT, Signs and Symptoms

Irritation of eyes and nose; drowsiness, weakness, unsteady gait; and
narcosis; defatting dermatitis.

Iv. Special Tests

None in common usage.

v. Txaatment
None specific. Remove from exposure, give artificial resuscitation if
indicated, and wash eyes and <¢ontaminated skin. Recovery is usually

rapid and complete.
VI. Surveillance and Preventive Considerations
i, Genexral

Most reported effects of styrene in the United States are caused by
its irzzitant properties. Tt is important that the physician becone
familiar with plant operating conditions in which e¥posure to
styrene occurs. Those with skin disease 1may not tolerate the
wearing of protective <c¢lothing and those with chronic respiratory
disease may not tolerate +the wearing of negative pressure
respirators.

B. Preplacement

Routine medidal histories and physical ewaminations &re not
required. However the employex must screen employees Ffor history of
certain medical conditions (listed below) which might placde the
employee at increased risk from styrene exposure. Only those giving
a positive history of these conditions must ke referred ior fuzrthex
medical examinations.
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1. Central nervous system disordexs =--— Since enposure to styrene
vapor oxr liquid on the skin has been observed +to zresult in
central. nervous system depression and occasional abnormali-
ties in the electroencephaloygram, persons with pre—~existing
neurologic¢ disorders may be unusually susceptible +o these
effects.

2. Chronic respiratory disease -~ In pérsons with impaired pul—
monary function, especially +those with obstructive airuay
diseases, inhalation of styrene vapor wmight cause exag—
erbation of symptoms due to its dirritant properties or to
psychic reflex bronchospasnm.

3. Skin disease -~ Styrene is a defatting agent and can cause
dermatitis on prolonged exposuré. Persons with existing sKin
disoxders may be nioxre susc¢eptible to its effects.

4, Renal disease -~ Although styrene is not Known as a kidney
toxin, the importance of the orxgan in the elimination of
toric substances Jjustifies special consideration in those
with possible impairment of renal Ffunction.

5. Liver disease —— Although styrene is not c¢ommonly considered
a liver toxin in humans, the importance of this organ in the
hiotransformation and detoxification of foreign'substandas
should be donsidered before expésing persons with dimpaired
liver Funétion.

p—

oy
-

C. Periodi¢ Examinations
Routine periodic examinations are not reguired. However, if the
employer hecomes aware of an employee with the ahove listed condi—
tions, he must refer such employee for further medical examination.
Réferences
1. Dutkiewicez, Tadeusz, and Halina Tyras: Skin Absorption of Toluene,

Styrene, and Xylene by Man, British Journal of Industrial Medicine, 25:243,
1968.

2. Zielhuis, R.L.: Systemic. Toxicity from Exposure to Epoxy Resins,
Hardeners, and Styrene, Journal of Occupational Medicine, 3:25-29; 1961.

3. Browning, Ethel? Toxiecdity and Metabolism of Industrial Solvénts,
Elsevier Publishing Company, Amstetdam, 1965, pp. 98-102.
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REFERENCES AND SOURCES

STYREMNE
1910.93
(£) Personal Protective Equipment, and, (h) Sanitation
Eye: "Styrene' Hygenic Guide Series, NIOSH

Grant, "Toxicology of the Eype™
Caxpentar and Smyth, "Chemical Burns of the Rabbit Cornea,
J. AEwm. Ophth.h, 29, 1363-72 (1946)
Wolf et al., "Toxicological Studies of Certain Alkylated
Benzenes and Benzene," Arch. Ind. Hth., 14 (4) 387-98 {(1956)
"Styrene," Manufacturing Chemists’ Association Chemical
Safety Data Sheei

SRin: Browning, "Toxicity and Metabolism of Tndustrial Solvents®
"Encyclopedia of Occupational Safety and Health, "Intexnational
Labour 0f£fice
Wolf et al., "Toxicolegigal Studies of Certain Rlkylated Benzenes and
Benzene,"” Arch. Ind. Hth, 14 (4) 387-98 (1956)
"Styrene," Manufacturing Chemists' Assodiation Chemical Safety
Data Sheet

Ingestion: Browning, "Toxicity and Metabolism of Industrial Solvents™
"Styrene," Hygeni¢ Guide Series, NIOSH
"Styrerne - PHS - 149 Document
"Encyclopedia of Oc¢cupational Safety and Health,” International
Labouxr Qffice
Gleason, "Clinical Toxicology of Commercial Products”

Wolf et al. "Toxlcologlcal Studies of Cexrtain. Alkylated Benzehes and
and Benzene," Arch. Ind. Hth. 4 (4) 387~-98 (1956)
COMMENTS
Eye — Classification: 2
Output statement number: 10
Exceptions: HNone

The Hygienic¢ Guide Series comments, "ligquid (styrenel may
pxoduce appreciable irritation and superficial eye burns.

They continue, "splash contact with human eyes has resulted
in superficial transient disturbances wlth a return to norm
within 48 hours in 29 out of 30 cases. Grant states that

"the llquld has been tested by appllcatlon to rabbit eyes
and found to cause moderate hyperemia of the conjuctiva
and slight. 1n3ury of the corneal epithelium with a rapid
return to normal. According to Wolf et al., eye contact.
in rabhlts results in an inflammation and sllght swelling
ok the eyellds and a slight transient superficdial necrosis
in very swmall areas of the cornes. Hewever, Carpenter and
Symth repoxt that styrene "is knouwn to have caused loss of
vlslon or vexry slowly healing corneal bhurns in industrial
use. They assigned the substance an injury grade of Y on
a scale of 10 after 2% houxrs which indicates that 0.02 hl
of the undiluted c¢hemical causes less than severe injury
whlle 0.% ml pxoduces severe 1n3uzy "The MCA xeports that
"permanent damage to the eéyes has not heen reported
Carpenter and Smyth's assertion that the substance
causes persistent effects appears to he unsupported. The
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substance is therefore assigned a clasgification of 2.

Skin - Classifigation: 2 _
Output statement numbers: 2, 7h, 17g, 21, 17i
Exceptions: 20a deleted

Ingestion -

Browning reports that the de:matitis hazard of styrene

is especially prominent since it tends to degrease the skin
with resulting crac¢lking a2nd inflammation of exposed areas.
She also notes it is slowly ahsorbed by intact skin. The

ILO agrees, and notes "styrene is lipid soluble and may

enter the body by ahsorptlon thxough the intact skin."

It also comments, "animal experiments have shown that
styrene—-induced skin 1rzltatlon may be sufficient to cause
blistering and tissue necrosis. Accordlng to Wolf et al.
the repeated cutaneous appllctatlon of styrene to rzabhit
skin caused definite erythema and the developmént of a
thin layer of devitalized tissue which results in exfoliati
The MCA reports: "Styrene monomer may calse some moderate
irritation after contact with the. skin, similaz to that
noticed with other aromatic hydzocarhons Shoxt exposures
of skin to styrene should bhe avoided, particulaxly when
covered by c¢lothing. Tong exposures result in irritation
and hlisters." : .

Styrene has a flash point of 89.6 degrees F and a vapor
pressure of 4.5 mm Hg at 20 degrees €. It is 0.03%
seluble in uater.

A classification of 2 is concluded to bhe appropriate
to prevent the cited effects., Statement 20a is net used
because the amounts of chemical towards which is directed
would have innocuous effects, if any.

Classification: Q

Output statement numbers: None:

Exceptions: None

Browning comments that "in animals (styrene) has a toxic
effect on the central nervous system and neurological _
disturbances . . . drousinéss, weakness, depression, inert

and unsteadiness . . have alsc baen desgribed in humarns .

The Hygenic Guide Series note styrene "will dause a
proncunced 1rr1tatlon of the mouth, escphagus and stomachn?
and considexs it a "modexate hazard" by the oral route.

The PHS-149 documﬂnt lists an oxal rat LDBEO of 4920 mg/skyg,
The ILQ found "animal experiments have shown that digestive
absorption causes symptoms of poisoning 51m11ar to these
resultlng from inhalation. They note acute vapor poisonint
results in "narcosis, cxamps . ., . edema of the hrain and
lungs, foci of epitheleal necrosis in the renal tubules

and hepatic dystrophy . « . and death due to respiratory-
centre paralysis.” For chronic vapor exposure, "an incresse
in deep reflexes, irritation of the upper Zespiratory tract

and haematological disorders - leukopenia and lymphoatosis™

were reported. Gleason notes that "renal and hepatic
damage are said to occur sfter 1ngestlon but if aspiration
oc¢eurs the chief hazaxd is probably chemical pneumonitis."
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According to Wolf et al., six-month rat studies of 132
feedings caused no efiects at dally does of 66.7 and

133 mgsKg but at the level of 400 mgsKg daily there was a
slight effect on growth depression and on liver and kidney
weight and at 667 mgs/Kg/day there was a moderate effect on
growth depression and livexr weight and a slight effect on
kidney weight. They list an oxral rat LD50 of 5 ys/Eg.

The low acute oral touicity of the substance and the
repeated feeding data indicate that ingestion of styrens
should not, in the content of this standard, present a
hazard in the dindustrial environment.

RESPIRATQR TARLE DDCUHEHTATIOH

SUBSTANCE: Styrene

D. 0.

STRANDARD: 100 ppm, where 200 ppm shall noet be exceeded except
that a peak is permitted of 600 ppm for 5 minutes in any
3 houzrs.

WARNING PROPERTIES:

IDLH:

Odoxr Threshold: Staub reports that the odor threshold of styrene

is 0.08 ppnm.

Eve Ixxltatlon Level: The AIHA Hygienic Guides report that

"styrene vapor alt concentrations of 200 to 400 ppm was found
to have transient irritant effect on the ayes.

Othex Information: The Manufacturing Chemists' Association raports
that styrene is a moderate irritant to the . . . respiratory
tract_at concentrations above H#00 ppm.

Evaluation of Warning Properties: Since the o6dox threshold of
styrene is bhelow the permissikle exposure limit, styrene is
treated as a material with adegquate warning properties. Gas
sotbent respiratory eguipment is permitted.

5000 ppn

Basis fox IDLK Value: This IDLH is based upon the report in Patty
that animals exposed to 5000 ren styrene hevome unconscious
ulthln one hour.

Other Toxicological Information: Browning reports that "styrene

ig prinecipally an irritant of skin and mucous membranes,

but in animals it has a toxie effect on the central nervous
system, and neurological disturbances have been described in
human bheings."

Patty states that "undexr oxdinary room donditions styzene
does not vaporize sufficiently to xeach vapdér concentrations
that Kill animals (rats and guinea plgs) in a few minutes;
10,000 ppm was dangerous to life in 30 - 60 minutes, 2500 ppm
was dangéerocus to life in & hours, while 1300 prm was the
highest amount causing no serious systemic¢ disturbance in 8
hours. All animals exposed to these concentrations had svidence
of eye and nasal drritation. Animals exposed to 2500 ppm
or greater showed varying degrees of weakness and stupor,
tollowed by incoordination, tremors, and unconsciousness.
Uncon501ousness cccurred in 10 hours with 2500 ppm, in 1 houx wlﬁ
5000 ppm, and in a few minutes at 10,000 PR,

The Hygienic Guides repoxt similarx information to that
found in Pattiy.
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LFL~ 11,000 ppm
VAPOR PRESSUR'E'_EIT' 20 C: 4.5 mm Hg
SATURATED CONCENTRATION RT 20 C: 5820 ppm
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USE/ERPUSURE'AHD CONTROL DOCUMENT

Principal Route

Use/ERYosure

Inhalation of vapor duxing
spray-up manufacture oF
dlass fiber reinforced
styrene-polyester articles
(stoxage tanks., boats, aute
bodies, etec.)

Inhalation of wvapoxr and sSkin
contact with liguid duxing
spray application of
styrene~-polyester suxface
coatings

Inhalation of vapor and. skin
contact with ligquid during
hand lay-up of glass fiber
reinforced styrene~polyester
articles (storage tanks,

‘boats, ete.)

Inhalation of vapoxr and skin
contact with liguid during
molding of articles or
potting electrieal
somponents with

polystyrene

Inhalation of vapor and skin
contact with liquid during
manufacture of tires and
other rubber goods using

styrene-butadiene
elastomers (8BR)

Inhalation of vapor and skin
contact with ligquid durding
use of styrene containing
concretes

Inhalation of vapor and skin
contact with ligquid during
bag lay-up manufacture of
glagss fiber reinforced
styrene-polyester articles
{storage tanks)

Inhalation of vapor and skin

STYRENE
ef Entry

A.B

Currently Used
Contrel Methods

Logal exhaust ventilatio
general dilution ventila
rersonal protective equi
(gloves, aprons; barrier
creams)

Process enclosure; local
exhaust ventilation; perxr

protective équipment (gl
barrier. c¢reams)

Local exhaust ventilatio;
general dilution ventila

personal protective agui
(gloves; aprons. barrier
creams )

General dilution ventila

personal protective equi;

(gloves, aprons, barrier
creams)

General dilution véntila

General dilution ventila:
personal protedtive equij
(gloves)

Local exhaust ventilatio:
rroeess enclosure; persor
protective eguipment (gl
aprons, barrisr creams)
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contact with liquid during
use of surface coatings
containing styrene-butadiene
copolymey resins (paper and
tertile coatings, cement and
moxtar additives, watérbase
paints, and floor polishes)

Inhalation of vapor during
die molding of articles
made from styrene-polyester
resing

Inhalation of vapor duxing
brush application of
styrene—polyester surface
coatings

Inhalation of vapor and ekin
contact with liguid in
Process orerations for
rroduction of styrene

Inhalation of vapor and skin
contact with ligquid in
process operations fox

‘production of polystyrene

Inhalation of vapor and skin
contact with liquid in
rrocess operaticns for
production 6f styrene-
butadiene xrubbexr (SEBR)

Inhalation of vapor and skin

contact with liguid in
process operations for manu-
facture of acrylonitrile-
hutadiene-styrene (ABS),
styrene—acxylonitrile (SAN),
and styrene-butadiene
copolymers

Inhalation of vpaor and skin
contact with ligquid during
manufacture of surface

coatings containing styrene

Inhalation of vapor and skin
contact with liguid in

miseellaneous prodesses

genaral dilution ventila
rérscnal protective equi
(gloves, goggles, aprons

Local exhaust ventilatio:
general dilution wventila
pe¥sonal protective equi
(gloves, barrier creams)

Local exhaust ventilatio:
general dilution ventilsa
bersonal protectivée equi
(gloves, barrier creams)

Local exhaust ventilatio
personal protective egui:
{(gloves, goggles, harria:
creams)

Local sxhaust ventilatio

personal protective equi;
(gloves, gogglES, barrie:
creams)

General dilution ventila:
vrersenal preotective equij
(gleves,; aprons)

Local exhaust ventilatio:
personal protective equi,)
(gloves, aprons)

Local exhaust ventilatiol
versonal protective eguij
(geggles, gloves)

Local esthaust ventilatio:
personal protective equij
(gloves, goggles, barrie:
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using styrend as an.
elastomer, intermediate,
or starting material

Inhalation of vapor and skin A,B
contact with liquid during
subdivision of large

gquantities and handling of

styrene monomer

Inhalation of vapor and sKin A,B
contact with liquid during
manufac¢ture of ion exchange

resins (styrene-

divinylbenzene copolymer)

A -~ Inhalation

B = BSkin contadt xesulting in
lodalized irritation '

€ —— Ingestion

D -- 8kin contact rzesulting in

absorption and subseguent
systemic poisoning

greahns)

Local exhaust ventilatio
pexsonal rrotective equil
(gloves, goggles)

Local exhaust ventilatiop

personal vproltective egui
(gogyles, gloves, aprons
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