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NIOSH/O3HA bhraft Technical Standard
and Supporting Decumentation for SULFUR DIOYXIDE

The basic text of this document contains the drasft technical standard

approved by the Jeint Review Cowmhittee of the NIOSH70SHA Standards

Completion Program and the supporting documentation for the substance
SULFUR DIOXIDE.

The SCP draft technical standards are recommendations to the Department of
Labor for its c¢onsideration imn rulemaking and have ne legal status until
final rules have been promulgated by that agency. This draft standard is
provided £or your information only.

The References and Souxrces, RBespirator Table Documentation and Use/Exvosure
and Control Documentation axe the working decuments used by the various SCP
working groups during the development of the draft technical standard and
serve as the fTechnical Foundation for the standard. The classification for
each substance and the zregulatory statements were derived following 2
decision logic established for the various sec¢tions of thé standard.
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(a) Definitions. (1) "Permissible exposure™ means exnposure of employees
te airborne c¢oncentrations of sulfuxr diomxide not in excess of 5 parts per
million (ppm) (13 milligrams per cubig meter (mgrM3)) averaged over an
eight-hour work shift ({time weighted average)., as stated in $ 191C.1000,
Table Z-1.

(2 Maction level™ means one-half of the permissible exposure for sulfur
dioxide averadged over an eight-hour work shift. '

(b) Initial determination and exposure measurement. (1) Each employer who
has a place of employment in which sulfur dioxide dis zreleased dinto the
workplace air shall determine if there is any possibility that any emplovee
may he enposed te airborne concentrations o¢f sulfur diexide abowve the
permissible lavel. The initial determination shall he made each time theze
is a change in productien, process, or control measures which may result in
an increase in dirborne concentrations of sulfur dioxide.

(2) A written regord of the initial détermination shall bhe made and shall
contain at least the following information:

(i3 Any dnfermation, observations, ozr c¢alculations which may indicate
emploveer exposure to sulfur dioxide; _

(ii} Any measurements of sulfur dioxide taken;

(1iiY Any employee complaints ¢f symptoms which may be attributakle to
exposure to sulfur diewide; and

(iv) Date of initial ‘detexminatiorn, worK beiny performed at the time,
logation kithin work site, and emplovees considered.

(3} T% the employexr determines that any employee may be exposed to sulfur
diogide above the permissible eyposure, the exposure of the emnplovee in
each work operation who is believed to have the greatest exposure shall he
neasured. The erposure measurement shall be representative of the maximum
eight—hour time weighted average exposure of the employee.

£4) If the expesure measurenment taken pursuant %o paragraph (h} (3) cf
this segtion reveals amplovee exposure %6 sulfur dioxidée above +the action
level, the emplover shall:

i) Tdentify all employess who may bhe esposed above the permissible
level; and

(ii) Measure the exposure of the employees so identified.

{5) If an employee exposure measurement zreveals that an employee is
exposed to sulfur dioxide above the action level, but not above the
permissible exposuzre, the exvosure of that employee shall bé measured at
least every threeé months.

(6 TIT£f an employee exposurs medasursment reveals that an emplovee is
exposed to sulfur dioxide above ‘the permissible exposure, the -emplover
shall:

(i) Measure the exposurxe moenthly of tHe employee so exposed; and

(ii) Institute «contrel measures as zrequired by paragraph (@) of this
section; and

¢(iii) Individually notify, in writing, within Five days, every emplovee
who is found +to he ekposed +to sulfur dioxide above the permissible

—eXPOSUre ., The enployee shall &dlso be notified of the zesults of the
exposure measurements and of the corxrectiveé action beinyg taken to reduce
the exposure to below the permissible erposure,

(73 If tuwo c¢onsecutive enployas egposure measurenents talken at least one
week apart reveal that the employvee is exposed to sulfur dioxide belou the
action level, the employer may terminate measurement for the amplovee.
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(8) For purposes of this paragraph, emplovee
occur if the employee were not using a respizat

(¢) HMethods of measurement. (1) An emnployee’
by any combination of long texm or short term &
amployee’s actual euposure averaged over a
Appendiy B (IV) of this section).

(2) The method of measurement shall have
level of 95 percent, of not less than that give

Standaxrd
SULFUR DIOXIDE

exposure is that which would
or.

s exposuzre s5hall he obtained
amples which represents the
n eight-heur work shift (Jee

an accuracy, to a confidénce
n in Table 1.

Table 1
Goncentration ‘Reguired Accuracy
(Percent of True Value)

Abgve permissible exposure + 25

At oxr helow permissible exposuxe

and above the a¢tion level * 35

At or below the action level 50

{d) Lompliance., 1) No employee shall be enposed +to sulfuz dioxide

above the permissible exposure as defined in
section.

(23 Employee exposures to airborne -cohc
shall be gontrolled to at or belowm *he permissi
antd work mractice controls.

(i) Engineering and work practice gontrols s
exposures to at ox below the rermissible exposu
that such controls are not feasible.

(ii) Wherever engineexing and work practice
te reduce exposures to at or below the prermiss
nonetheless be used to reduce suposure to +
shall be supplemented by respiraters in accorda
this secticon.

€3) Engineering cohtrols. When loc¢al
BXposure, measurements which demonstrate system
dir  velocity or static pressure shall be made
Measurements of system effectiveness shall also
any change in production, ©process, or cont
increase in aixborne concentrations of sulfur 4

(%) Compliance with +thé permissible expos
the use ©f respirators ewcept:

(i) During the time period necessary to inst
0r wWworkR practice controls: or

(ii) In work situations in which engineerin
are not feasible; or

paragraph (a){1) of this

entxations of sulfur dioxide
ble exposure by engineering

hall be instituted to zeduce
re, except fTo the extent

contrels are not sufficient
ible exposure, they shall
he louwest level feasible and
nce with paxagraph (d)(4) of

exhaust is used %o control
etfectiveness, for exkample,
at least every three months.
be made within £five days of
rol which might xesult in an
ioxide.
ure shall not he achieved by

all or implement engineering

g and work praciice controls
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{iii} To supplement engineering and woxlr practice controls when such
controls fail to reduce airborne concentrations of sulfur dicxide +to at oz
helow the permissible exposure: or

{iv) For operatiens which require entry inte tanks or closed vessels; ozx

{v) In emergencies,

{5) Where respirators are needed and perwitted undexr this paragraph to
reduce eémployee exposure, the employer shall select and provide the
appropriate respirstor from Table 2 and shall ensure that the employvee uses
the respirator provided.

' TRBLE 2 RESPIRBTORY PROTECTIOH FOR SULFUR DIOXIDE

CONDITION PERMIS IBLE RESPIRATORY PROTECTICON

Gas Condentration

20 ppm or less Any chemical cartridge respirator with a cartridge(s)
providing protection against sulfur dioxnide.

Any supplied-aixr respirator.

iny self-contained breathing apparatus,

100 ppwm or less A cthemical cartridye respirater with a full facepiece
and cartridge(s?) providing protection against sulfur
dioxide.

A gas mask with a c¢hin-style or a front- or bhack~méunted
canister providing protectien against sulfur diowide.,
Any supplied-air respirator with a Full facevieces
helmet or hood.

Any self-contained breathing apparatus with a £ull

Tacepiece.

greater than ‘Belf-contained breathing apparatus with a full iaceplece

100 ppm ox operated in pressure-demand or other positive pPressure

entry and mode.

estape fronm i T T e

unknown L c¢ombination resplxatO? which includes a Type € supplied -

concentrations air respirator with a full facepiece operated in pressure -
demand or other pesitive pressure or continuous-£flow mode
and an auxiliary self-contained breathing apparatus
opaerated in pressureé-demand or other positive pressure mode.

=Fixe Fighting Saelf-vontained breathing apparatus with a full facepiece

operated in pressure-demand or other positive pressure
mode .

Escape Any gas mask providing protection against sulfur diowmide.
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Any escape self-contained hreafhing apparatus.

(6] Reqplxators shall be approved by tha Mining Enfoxcement and Safety
Administration (formexly Bureau of Mines) or by +the Hational Institute For
Occupatlonal Safety and Health under the rrovisions of 30 CFR Paxt 11.

{7 The employer shall institute a tespiratory protection program in
accordance with $ 19710.134¢Ch), (d), (&), and (I).

(e) Fire anfl gafety. (1) The employexr shall Ffamiliarizge himself with
the information centained in the Substance Technical Guidelineés (Appendix B
of this section) fox sulfur dioexide. '

(2) BSulfux dioxide shall bhe stored so it wlll net come into eontact mlth
alkali metals such as sedium or potassium.

{3) Compressed gas cvlinders containing sulfur dioxide shall bhe stored
in accordance with %$1910.161.

{£) Pearscnal vprotective eqguipment. (1} Emploeyers shall provide and
ensure that employéses uUse appropriate protecdtive clothing and egquipment
necessary to prevent the skin Izom becoemning £rozen from contact with
liquid sulfur dioxide or f¥om contact with vessels containing ligquid sulfur
dieoxide. _

{22 Employers -shall ensure that clothing which hecomes wet with Lligquid
sulfur dioxide be removed immediately and not reworn until +the sulfur
dionide has. evaporated.

{32) Employexs shall provide and ensure that employees use splash-proof
safety géggles which comply with $ 1910.133 (a)(23-(a)(6) where +there is
any possibility of ligquid sulfur dioxide contacting the eyes.

{4) Where thexe i3 any possibility <that an employee's eves may be
exposed teo liguid sulfur dioxide, employers shall provide an eve-wash
fountain within the immediate work area fox emexrgency use.

(QJ Spills and disposal. In the event that sulfur diouide is
inadvertently released the employer shall dimmediately provide available
ventilation and then c¢lean up the spill.

(hY Sanitation (Reserved}.

(i3 Training and information. (1) Each émployer who has a workplace in
which sulfur dioxide is prasent shall keep =a copy of this regulatien with
Appendises A, B and € at ithe woxkplace. This material shall be made
readily availahle to affected employees.

¢2) Each employer whe has emplovees exposed to sulfur dioxide above +the
action level wmithout xegsrd to the use of respirators., or émployees who may
have slin contact with liguid sulfur dioxide or vessels containing sulfux
dicxida or who may have any possibility of eve contact with Iiquid sulfur
dioxnide, ot employees who worK whe¥e a potentially hazardous release of
sulfur dioxide may ocdur shall annually:

i) Inform affected employees of the information contained in the
Substance Safety Data Sheet ZFor sulfuxr dioride (Appendix A of +this
section); _ _

(ii} Rdvise affected employees as to the signs and synptoms of exposure

—to sulfur dioxide.

(iii) Instruct affected enployees to advise the employer of -the
development of signs and symptoms of overaxposure to sulfur dioxide which
are listed in Appendix A of the section; and
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(iv? Provide fraining to ensure that employees understand the
precautions of safe use, emergency procedures, and the correct use of
protective équipment relative to sulfur dioxide.
 (4) Medieal _surveillance. (1) The employer shall provide medical
procedures as reguired by this paragraph. ALl nedical procedures shall be
performed by ox under +the supervision of a physician at no cost to the
emplovee.

{(2) Preplacewent medical exasmination. The employer shall make available
to each @employee who is exposed, or will be exposed, to airborne
concentrations of sulfur dioxide above the action level, without regard %o
the use of respirators, oxr employees who may have skin contact or who may
have any possibility of eye contset with liguid sulfur dioxide, a
preplacement medic¢al examination which must inglude the following:

£1i) A medieal history and physical examination with emphasis on the
lungs, eves and sKin;

(ii) TForced vital capacity (FVC) and forcded expiratory volume—one second
{FEV (1 second}} tests;

{iii) 4™ x 17" chest roentuenogram.

{3) Perioedie¢ _medical examination. The: employer shall make availahle to
each employee exposed to airberne concentrations of sulfur dioxide =ahove
the action level, without regard to the use of respirators, or employees
who may have skin contact or who may have any possibility of eye gontact
with liquid sulfur dioxide, twelve months from the date of the eimployee’'s
first exposure, and every twelve months thereafter, a ‘periodic medical
examinatien which must include the fellowing:

(i) A medical history and physical examination with emphasis on the
lungs, eyes and skin; '

{(ii) Forced vital capacity (FVC) and forced expiratory volume-one second
(FEV (1 second)) tests;

(iii) A 14" x 17" chest roentgenogram.

(&) Alternative wedical procedures. If the examining physician chooses
to use alternativeée medival procedures to those specified in praragraphs
(33(2) and (33(3) of this section, the simplover may accept such alternative
maedical proceduzes as nmeeting the requirements of this section provided
that the employern:

{1} Obtains a statement fzxom the ewxamining physician setting forth the
altexnative medical procedures, +the <rationale <For substitution, and
evidence that they will be equally effective;

¢(ii) ZInforms each exposed worker of the fact that alternative medical
procedures to those required in paragraphs (33¥(2) and (3)(3) of this
section are teo be madse availahle.

(5) Intérim _medicnl examingtion. The employer shall provide an intexim
medical examination for the employee if the empleoyee informs +the emplover
of any of the signs'or-symptoms of exposure to sulfur dioxide which are
listed in Appendix X which the employee suspects are caused by exposure to
sulfur dioxide.

{6) Informing the physician. The employver shall provide to the physician
pexforming any medical exanination required by this section the Following
information:

(1) 2 ©copy of this regulation with Appendixes A, B, and C for sulfuzr
dioxide;
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(ii) K description of the affected employee's duties as they relate to
his exposure fo sulfur diowide;

{(iii) A description of any personal protective equipment 2nd respirators
required to he used:;

{iv) The results of any measurements which may indicate the affacted
employge's exposure; '

{v) The affected employee's anticipated expesure level; and

{vi) Upon reguest of the physicdian, any available information from
previous medic¢al examinations of the affed¢ted employer. '

(7) Where &’ medical examihation is required by pazragraphs (§3(2), (3)¢33,
or {3)(5) of this section, iolloulng such examination the employver shall
obtain from the examining physician a uritten opinion which confezrms with
paragraph (J)(8) of this section.

€8 FPhvsician's written orinion. (i) The physician’'s written opinion by
the examining physician shall speé¢ifically state:

(A) Whethexr the employee has any detected medicéal condition which would
place the enmployee at increased 7risk of mateéerial impairment of the
eriployee's health from exposure to sulfur dioxide;

(BY Any zredommended iimitations upon the emplovee's exposure %to sulfur
dioxgide ., ineluding Iimitations upon the use of personal protective
equipment and respirators;

(¢) That the employes has been informed by the physician of any detected
medical conditions which regquire Iurthér medicdal examinaticn or treatment.

(117 The physician’'s written eopinion shall not reveal spe¢ific medieal
findings or diagnoses unrelated t6 the employee’s employment.

(113i) The ewmployer shall provide 1Lhe employee with a copy of the
physician's wxitten opinion. _

(%) Results _of _tests. Where a preplacement or perieodic medical
examination is required by paragraphs (3){(2) or (3)(3) of this se¢tion,
follewing such examination +the employver shall obtain from the examining
physician for inclusion in the émployea's medical recoxrd:

i) A recozrding of the results oFf the pulmonary function tests:

(ii) The 14" x 17" chest roentgenogram when reguired, ox a medically
acgeptable copyi

(iii1) Where alternative medical procedures have heen performed in
accordance with paragraph (3){8} of this section, a recoxding of such
alternative procedures. _

(%03 No enmployee shall be exposed to sulfur dioxide in such a way as
would put the enpleyee at indreased zisk of material inpairment of his
health from such exposuxe. The emploéoyer shall base this decision on any

information available including the physician's written opinion.

ey

{11) Ho medical procedure which would be performed pursuant to paragranphs
€3Y(2) or (3)(8) of this section need be performed if records of a previous
such procedure performed within the past s5ix months axe actceptable to the
examining physician.

{12) If &an employee yrefusas any réguired medical examination, the
employer shall inform the amployee of the posgible health conseguences of
such xefusal and obtain a signed statement from the employvee indicating
that the ewployee undetstands the risk involved by refusal to be examined.

(13} The employer shall provide emexgency medical t:eafmant for any

employee injured through exposure to sulfur dioxide.

o
-
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(k) PRecord¥senineg. (17 Exvegure determination. (%) The empleyex shall
keep an accurate recodord of all determinations reguired to le maﬁe rursuant
to paragraph (bX(1) ¢f this section.

(ii) This record shall include the written determination reguired in
paragraph (bh)(2)Y of this saction.

(iii) This record shall be maintained until replaged By a more racent
record.

{2) Exposure mensurements. (i) The employer shall Reep zan accurate
record of all wmeasurements taken to deéetermihe employee exposure to sulfur
dioxide.

{ii) This record shall inglude:

(A) The date of measurement:

(B) Operations involving exposure to sulfur diowxide which are being
monitoredy

(€)Y Sampling and analytical method used and evidence of their acturaéy:

(D) Number, duration, and results of samples taken; and

(E} Name, social security nuimber and exposure of the emplovee monitored.

tiiiy This <record shall be maintained until replaced by a more xrecent
recoxrd but in no event for less than one year.

{3) Mechanigal ventilation. ¢i) When mechanical ventilation is used as
an -enginesring control, the employer shall malntaln an accurate recoxrd of
the measurements demonstrating the eiiectlveness ef such ventilation
requirad by paragraph (8){(3) of this section.

{ii) This record shall include:

{A) Date of measurement;

(B) Type of medasurement taken;

(C) Result of measurement.

(iii} Thess records shall he maintained for at laast orne yvear.

(4Y Epmplovee training and 1nfovm1tlon (i) The employexr shall keep an
accurate record of all employee training and ‘infoermation requizrxed by
paragraph (i) of this section.

(ii) This record shall include:

(A) Pate of training;

{B) Hame and social security numbér of employee trained;

{C) Content oxr scope of training provided.

{(iii1) This ©recoxrd shall be maintained until replaced by a more recent
record. _

{5 Medical surveillsnce. (i) The emplover shall Keeb &in aéecurate
record of employee medical surveillance required by paradraph (3j) ‘of this
section.

(ii) This record shall includeé:

(A The name and seoial security numhexr of the enployee;

(B} Results of tests regquired by paragraph (j)(2) and (3j)(3) of this
section and results of any tests conducted pursuant to paragraphs (§)(4) of
this séction; _

(€)Y Any employee medical complaints =zelative to expesure to sulfur
dionide;

(D) & copy of informatisn provided to the physié¢ian pursuant to paragraph
(32¢(6)Cidi), (1ii), C(iv), (v), and (vi) of this section.

(E) Physician's written opinion; and

(F)} A& signed statement of any refusal to be examined.
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(iii) This recoexrd shall he maintained for the duration of s#snd for five
years after termination of the amployment ¢f the affected employea.

(6} Regess to records. (i) A1} zevords regquirxed to be maintained by
this secetion shall he dade availabhle uporn regquest o authorized

representatives of the Assistant Secrétary of Laber £6r Oc¢cupational Satfety

and Health and the Director of ‘the National Institute for Occupational
Safety and Health.

(ii) Each employee or former employee shall have access to the exposure
determination and exposure measurement records reguired to be malntalned by

this section which indicate his own exposure to sulfur dioxide.

(iii) Emplovee medical recdords required to be maintained by thig section

shall be made available upon written request to a physician designated by
the emnployee ok forimer emploves.

(1) Emplovee observation of measurement. (1) The empleyer shall give eazdh

employee or his reptresentative an oppértunity to observe any measurement of

his esposure to sulfuxr dioxide which is condué¢ted puzsuant te this section.

{2) When ohsexvation of measurement of employee exposure to sulfux
dioxide requires entry into an area where the use of personal protective
devices, including respirators, is required, the observer shall he provided
with and required +to6 use =such eguipment and comply with all other
applicable safety procedures.

{3) Without intérfering with the measurement, observers shall he entitled
to:

(i) Regeivé an exnplanation of the measurement procedure. _

(ii) Visually observe all steps related +to the measurement of the
airborne concentration of sulfur dioxide that are being performed at the
place ¢f exposure; and

(iii) Rec¢ord ‘the results obtained.

NOTE: The information contained in the fellowing appendikx for sulfur
dioride is mneither intended, by itself, +to create any additicenal
obligations not otherwise imposed, noxr detract dFrom any existing
obligations. To the extent +that +the dinformation supplements this

regulation for sulfurx dioxide, it is advisory in nature.

EPPENDIE A&

SUBSTANCE SAFETY DATA SHEET
FOR SULFUR DIOXIDE

I. SUBSTANCE IDEMTIFICATION
A. Substance: Sulfur dioxide
B. Permissible Exposuze: 5 parts of sulfur dioxide par million
parts of air (ppm) (13 milligrsams of sulfur dioxide per cubie
metar of air, (mgsM33}) averaged over an eight-hour work

shift.
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Appeanrance and Odor: Colorless gas with a characteristic

pungent odox. It can be a liquid at temperatures below -10 ¢

iy FJ.

HAZARD DARTA _

Ways in whicly the chewmical affects your hody: Sulfur diowide

can affect your bhody if you inhale it or if it comes in

contact with your eves or skin.

Effects of Overeuposure:

1. Sulfux dioxide gas is intensely irritating to the &ves
and respiratory tract causing burning o¢f the eyes and
tearing, c¢oughing and chest tightness. It may cause
severe breathing difficulties. Severe exposures to
sulfur dioxide may cause you to stop breathing. TLiguid
sulfur dioxide may cause eye burns with loss of vigion
and skin buzrns,

2. Repoxrting Signs and Symptoms: You should infornm vour

employer if you develop any signs o symptoms and
sugpect that they are c¢aused by eéxposure to sulfur
dioxide.

EMERGEHCY FIRST AILID PROCEDURES

A

Eye Exposure: If liguid sulfur dioxide ox strong
concentrations of sulfur dioxide gas gets inte vyour eves,
wagh your eyeg immediately with large amounts of watez,
Lifting the lowexr and upper lids occasionally. Get medical
attention immediately. Contact lénses should not bhe worn
when working with this chemicgal.

Skin Exposure: ITf ligudid sulfur dioxide gets on vour sKkin,
immediately f£lush the contaminated skin with water. I£
1iguid sulfur dioxide rpenetrates through your c¢lothing,
remove the c¢lothing immediately and £lush +the skin with
water. If 1zr1tatlon er burns are present after washing, get
medical attentlon

Breathing: If you or any other person bxeathes in large
amounts of sulfur dioxide move the exposed rerson fto fresh
#ir =at once. If breathing has stopped. perform artificial
respiration. Keep the affected person warm and at rest. Get
medical attentien as soon as possible.

Rescue! Move affected person from the hazardous exposure.

If the exposed PEXs50N has been overcome,; notify someone elze
and put into effect the established emergendy zrescue
procedures. Do not bLecome a casualty vourself. Undexrstand
your emergency reéscug proéadures and ¥now the levsfions of
the eémergency rescue eguipment before the need arises.

RESPIRATORS END PROTECTIVE CLOTHING

a.

Respiratoxrs: Respirators are not +the best way to control
expeosure to sulfur dioxide. You can only bhe required to wear
them for routine use if your emplover is in ‘the process of
installing g¢ontrols oxr control measures prove inadequate.
You may Dbe <reguixed to wear ‘respirators for non-routine
activities or in emergenciss. If respirators axe worn, they
must fave a Mining Enforcement and Safety Administration
(MESA) oxr National ZInstitute £foxr Occupational Safety and
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Health (HIOSH) approval label. (0lder respirators may have =

Buzreau of Mines agpproval label.) For effective protection,
respirators must £it your face and head snugly. Respirators
should not be lcosened or removed in work situations where
there Uuse is reguired. If vou gan smell sulfur dioxide whils
wearing a respirator, thé zxaspirator is not Wwerking
correctly; go immediately +to fresh air. If vou expéerience
diffieulty breathing while wearing a respirator, tell your
employer. ' :

Protective Clothing: ¥You wust wear appropriate protective
¢lothing and equipment to prevent +the skin ZFrom becoming
frozen from contact with ligquid sulfuz dioxide o from

contact with vessels containing ligquid sulfur dioxide.
Replace oxr repaly inpervious <¢lothing +that has developed
leaks. '

Eve Protection: You must wear splash-proof safety goggles

where there is any possibility of liguid sulfur diowide
contacting your evyes.

PRECAUTIONS FOR SAFE USE, HANDLING AND STORAGE

A.

B.

ACCESS
A.

Bulfur dioxide must be stored so as not to come in contact

with alkali metals s sodium or potassium.

You nust immediately zremndvé any c¢lething that hecones wet
with ligquid sulfur dioxide and this <¢lothing wmust not be

reworn until the sulfur dioxide has evaporated from the

¢lothing.

Eye flushing facilities, where provided, must be readily
available and you should know where they are and how to
cpexrats them.,

Ask your supervisor where sulfur dioxide is used ox
inadvertantly released din your woxrk area and for any
additional safely and health zules.

TG INFORMATION

Each year your enployver is zrequired to inform you of the
information contained in this Substance Safety Data Sheet for
sulfur diowide. In addition, your employver must instruct vou

in the safe use of sulfur diexide, emergency procedures, and

the correct use of protective eguipment.
Your enplover is regquired to determine whether you are beiny

exposed to sulfur diowide. You or your representative have
the <right +to <o¢hserve employee siposure measurements and to
record the results obtained. If your employer determines

that you are beinhg overexposed, he is zequirxed %o inform vou
of the exposure and the agtions which are being taken to
redu¢e ¥our eXposure.

Youx ‘employer is zrequired to keep records of youx exposure
and medieal examinations. Your emplovar is required to keep
exposure data foxr at least one yaar and to Keep medical data
during youxr employmant, and for a period of ZFive years
follouwing vyoux texmination of employment. Your emplover is
regquized to make the exposure data available to you upen ¥your
request. Your employer is also zreguired to release your
medical records to your physician upon your written reguest.
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D. Your eamployer must give you a copy of the physicians written

opinien for any physical examination zrésuired by this
standard.
NOTE: The information contained in the Zfollowing appendix for sulfur
dioxuide is neithsr dintended, by itgelE, to create any additional
obhligations net otherwuise imposed, nox detract from any existing
obligations. To the extent that the information supplements this

regulation for sulfur dioxide, it is advisory in nature.

RPPENDIX B

SUBSTANGE TECENICAL GUIDELINES
FOR SULFUR DIOXIDE

T. PHYSICAL AND CHEMICAL DATA

A. Substance Identification
7. Synonyng: Hone
2. Formula: 502
3. Molecular weight: 641

B, Physical Data _
1. Boiling: point (760 mm Hyl: —10 C (14 F)
2, Specific gravity (water = 2):  1.46 (liquid)
3. Vapor density (air = 1 at boiling point of sulfur

dioxidel): 2.2%
= Melting point: ~75.5 € (=704 ¥3
5. Vapor pzessure at 20 € (68 F): Greater than 1 atmosphere
4] Solubility in watex, grams of sulfur dioxide psr 100
grams of water (68 Fl: 190
7. Evaporation xzate (butyl acetate = 1): Much greater than 1
8 Appearance and odor: Colerless liquid or gas with a

characteristic pungent odor. It can ke a liguid at temperat
helow =10 ¢ (14 F). .
IT. FIRE, EXPLOSION ARMD REACTIVITY HAZARD DATA
A. Fire
1, Not combustible
2. Compressed gas c¢ylinders containing sulfur dioxide shkall
be stored in accordance with 1910.101.
B. Reactivity
1. Conditions contrihuting to instability:s Elevated
temperatures may cause cylinders to burst.
2. Incompatibilites: Contact with some powdexed metals and

with alkali metals such as sodium or potassium may cause
fires and explosions.
3. Hazardous decomposition products: HNone.
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i, Special precautions: Liguid sulfur dioxide will attack
someé forms of plastics, rubber and coatings.

SPILL AHD LEAK PROCEDURES

A.

If sulfur dioxide is spilled or leaked, the following steps
should he taken:
1. Ventilate area of spill or leak to disperse gas.

2. If in gaseous form, stop flow of gas. If source of leak

is a coylinder and the leak cannot e stopped inplace,
remove the leaking c¢ylinder to a safe place in the dpen
air, and repair leak or allow cvlinder to empty.
3. If in liqguid f£oxm, allow te vaporize.
Persons not uearing proteciive eguipment should he restricted
from areas of spills orf leaks until c¢leanup has been
completed. '

MONITORTNG AND MEASUREMENT PROCEDURES

A.

EXPOSURE ABOVE THE ACTION LEVEL: Measurements taken for the
rurpose of determining employaa Sxposure under this saction
are Dbest taken such that the eidight~hour exposure may be

determined from & single eight-hour sanple 6r two Four-hour

sanples. Several short-time interval samples (up to 30
minutes) may also beé used to determine the average exposure

level. Rir samples sheuld be taken in the enployee's

breathing =zone (air that would mwost nearly represent +that
inhaled by +the employee). Sampling and analvses may be
performed by instruments such as defector tubes certified by
NTOSH undex 42 CFR part 84, opertahle diredt-reading
instrunents, dosimeters, or gas and vapor adsoxrption tubes
with subsequent chemical andlysis. The method of measurement
must determine the concentration of sulfur dioxide to plus oxr
minus 35%.

EXPOSURE ABOVE THE PERMISSIBLE EXPOSURE: The menitoring and
measurenents under this section should be essentially the
same a8 deseribed under parsgraph IV. . Lakoratoeories
rerforming chemical analyses should be accredited in
Industrial Hygiene Chemistry hy +the Emerican Industrial
Hygierne Assceiation. The method oF measurement must
determine +the concentration of .sulfur dioxide to plus or
minus 25%. '

METHODS: Methods meeting these accuracy reguirements are
available from the MNational Technical Information Service., U.
5. Department of Commerce, Springfield, Virginia 22181 under
the title "NIOSH Analytical Methods for Set V" (Order number
HEEEEEEEEEY .,

QUALIFIED PERSOMS: Since many of the duties zelating to
employee protection are dependent on the results of
menitoring and measuring procedurss, employers should assure
that the evaluation of enplovee exposures is performed by a
competent industrial hygienist or other technically gualified
person.

MISCELLAMEOUS PRECAUTIONS

i,

Store in tightly c¢lesed containers in a well ventilated azea.
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B. Employers should advise employees of all plant areas and
operations where their exposure t6 sulfur dioxide ecould
oUCuY.,

VvI. COMMON QPERATIONS

Common operations in which exposure to sulfur diowide is likely to
ooeur are: In the vieinity of furnaces barning ¢oal or oil; in the
vieinity of sulfur burners oxr the roasting of sulfide ozes; during
its production and its use as & seolvent in petzoleum refining; as a

bleach; in the purificvation of foods; as a dechlorinating agent; as
a mild acidifving agent; as an intermediate in +the manufacture of
sulfene resins, chlorine diowxide sulfites and hydrosulfite; in the
metallurgy of certain metals such as magnesium snd ¢obalt; and iha
paper pulp manufacture.
HOTE: The dinformation <dontained in the following appendix for sulfur
diogide is meithexr intended, by itself, to create any additional
obligaticns not etheruwise imposed, nor detract from any existing
obligations. To the extent the information supplements this regulation for

sulfur dioxide, it is advisory in nature.

APPENDIX € -~ MEDICAL SURVEILLANCE GUIDELINES

I. ROUTE OF ENTRY
Inhalation.
II. TOXTCOLOGY

Sulfur dioxide gas 1is a severe irxritant of the eyes, mucous mewhranes,
and skin. JIts - irritant propexties are due to the rapidity with which it
forms sulfurous acid on contact with moist membranes. In comhination
with cextain particulate matter andsexr oszidants, +the effects may be
markedly increased. Approximately 90 percent of all sulfur diexide
inhaled is absorbed in the upper respiratory passages, where most effects
occur; however, high <concentrations may produce respiratory paralysis,
and is a cause of pulmonaxry edema. Exposure to cehcentrations of 10 +to
50 ppm for 5 to 15 minutes causes irrxitation of the eyes, nése, and
throat, hinocrzrhea, c¢hoking, cough, and, in some instances, reflexy
hronchoconstriction with increased pulmonary resistance. Some 10 to 20
percent of the healthy younyg =adult population axre estimated %o be
hypersusceptible ‘to the effects of sulfur dioxgide. while the phenomanon
of adaptation teo irritating concentrations is a re¢ognized oe¢currence in
experienced wWorRers.  UWorkers repeatedly exposed to 10 ppn experienced
uppér respiratory irritaticn and some nosebleeds, but the symptoms did
net occur at 5 ppm; in anothér study, initial cough and irritation did
cccur at 5 ppm and 13 ppm, but subsided after 5 minutes of exposure. In
a human experimental study with the subjescts breathirng through the mouth,
‘brief exposure to 13 ppm caused a 73 percent increase in pulmonary Flow
resis%ance; 5 ppm resulted in a %0 percent increase; 1 ppi producaed no
effects, ©Exposure of the eves to liguid sulfur dioxide from pressurized
containexrs causes cornsal burns and .opacification resulting in & loss of
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vision The liguid on the skin preodudes skin burns from the Fresming
effect of rapid evapeoration.

I. SIGHS AND SYMPTOMS

Irritation of eyes, nose, throat, zhinorrhea; choking, c¢ough; reflex
bronchogonstriction; .eye and skin burns.

SPECIATL TESTS

Hone in gommon usage.

TREARTMENT
Remove from exposure,. Immediately £lush eyes with water and wash skin
with soap or mild detergent and water. Give artificial resuscitation and
administer .oxygen if indicated. Consideration should bhe given to

hospitalization and observation for the posgible delayed onset of
pulmonary edema.

SURVEILLANCE AND PREVENTIVE CONSIDERATIONS
A.  GENERRL

Most <reported effects of sulfur dioxide are caused by its ixritant

rroperxrtias. It ¢can cause reflew bronchoconstriction with increased
pulmonary resistance. It is dmpoxrtant that the physician become
familiar with plant operating conditiens in which edposure to sulfuxr
dioride ccours. Those with skin disease may not tolerste the
wearing of prote¢tive clothing and those ‘with chronic ‘respiratory
disease nay not tolerate the wearing of negative Pressura
respirators.

B. PREPLACEMENT

The following medical procedures must be made available to each
employee whe is exposad to sulfur dioxide:

1. B conmplete hlstory and physical examination -- The purpose is
to detect preexisting conditions +hat m¢ght place the exposed
employee at increased risk, and to establish a baseline for
Future health monitoring. Examination of +the eyes ‘and
rxrespiratoxy tract should be stressed. The skin should be
eramnined for evidence oi'chraniq disexders.

2. 14" x 17" chest roentgenogram ~- Sulfur dioxide causes human,
lung damage, Suxveillance of the lungs is indicated.
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3. FVC and FEV (1 gael) —-— Sulfur dioxdide is a respiratory
Arritant. Petsons with impairsd pulmonary functlon may he at
increased risk Zxom -exposure, Periodic suxveillance is

indicated.
c. PERTIODIC EXAMINATIONS

Tha above mnmedical examinations aré to he repeated on an anhual

basis.
VIT. REFERENCES
1. Emezican Conference of Governmental Industrial Hygienists: "Sulfur

Dioxlde,' Docunentation of the Thxeshold Limit  Values for Substances in
Workroom Air (3d ed. 2.4 printing), Cineinnati, 1974, pp. 238-230,

2. Hygienie¢ Guide Sexies: "Sulfuy Didxide," American Industrial Hygiene
Association gQuarterly, 16:332-333, 1955,

3. Patty, Frank A.!  Industrial Hygiene and Toxicology, Vol. IT -
Toricology (2d ed. revised), Interscience Publishing Company, New York.
1963, pp. 892-895

4. Qccupational Exposure to Sulfutr Dioxide, Federal Registex, 4o:54520-
54534, November 24, 1975.

5. National Ingtitute for Occupational Safety and Health, U.S.
Department of Health, Education, and Welfaxe: Criteria for =a Recommended
Standard....Ocvcupational Exposure to Sulfur Diownide, U.S. Government

Printing Office, Washington, D.C., 1974.

6. Nbittanherger, J.L. and R.N. Franki "Human Exposures to Sulfuxr
Dioxide, " Archives of Environmental Health, 7:244-245, 1963,
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REFERENCES AHD SOURCES
SULFUR DIOYIDE

1910.1000

Personal Protective Eguivment, and, (k) Sanitation
Eye: API, MAPI Tokicological Reviews;"™ Grant, "Toricology of the

"Eye;" Huntex, "The Diseases of Occupations®
Skin: API, "API Toxicological Reviews;" MCA, "Chemical Safety

Data Shests ;"™ Deichmann and Gerarde, "Toxicology of

Drugs and Chemidals;" International Laboux Office, "Encyelo-

padia o# Cccupational Health and Safety”
Ingestion: HNone
COMMENTS _
Eve - Classification: 1

Output statement numbeéers: 8, 13

Exceptions: MNohe

Accordinyg to the APY, Yliguid sulfur dioxide can rroduce seripus
eye and skin burns resulting f£xrom sudden freezming of the
Tissues., Seve¥e corneal damage ¢an occcur as a result of
freezing rather than from any direct chemical action.” Grant,
however, takes exception to this by stating, "severe injuries
of human eyes by sulfur dioxide have been produced only by

the liguefied form. Formerly this circumstance, and *the fact
that liguid sulfur dioxide was commonly used as refrigerant,
led to the belief that injury was attributable to Ffreeming of
the eye, but an investigation in experlmental animals and
womparisen of the e¢linical characteristics of freeging and

of sulfur diowide burns have astablished conclusively that

the ocular damage is attributable to chemical toxic effect
and net to freezing."

Hunter repoxis, "accidéental spraying of liquefied sulfux
dioxide into the éyes of men working on refrigeration machines
may cauge permanent reduction of visual activity from its
effect on the cornea. At first there is only minor
discomfort even with serious injury, and this is followed
by considerable swelling of the eyelids with opacity of the

coerneal epithelium. _kftex sevaral days this epithelium is
shed, revealing infiltration of the stroma together with inter-
stitial vascularizatioir., The complications are corneal

scarring, conjunctival ovexgrowth of the cornea and symblepharon.
It has been shownh experimentally in rabbits that sulphur
diexide readily penetrates the corneal epithelium and acts,
principally as'sulphuxous acid, by denaturing vorneal proteins
and inactivating coezneal catalase.”

Grant adds, "typically, in severe burns of the eyes
from a spray of liguid sulfur dioxide the patient may aHpezrience.
little discomfort at the time of exposuré, and may be aware
of the sexicusness of his injury only in the course of saveral
hours ox days. The vision is immediately blurved; but may
become progressively poorar. Discomfort is slight aven with
serious injury, owing to the fact that sulfur dioxide damages
the c¢orneal nerves and renders the anteriocr segment anesthatic.?
Grant fuzther states that "in treatment of burns oFf the eye
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by liguid sulfuxr dixoide, no specific antidote or therapy
has been discovered."
Theé substance c¢learly warrants a classification of 1.

Skin - Classification: ILow boiling liquid _
Gutput statement numbers: Special statements
Exceptions: HNone

Bcgordinyg to the API, "liquid sulfur dioxide can prodice
serious eye and skin burns resulting frol suddei freezing of
the tissues.” _

The MNCA agrees with the API and adds that "local chronic
effects have not been a problem with sulfur dioxide."”

Deichmann and Gerarde state that "liguid sulfur
dionwide is corrosive.™

The ILC notes that "sulphur diowride. causes skin
irritation and desquamation. Skin disordsts axe aggravated
by perspiration, and this may be attributed to the conversion
of sulfur dioxide to sulphurous acid under the effect of
sweat.” _

Sulfur dioxide hasg a hoiling point of 14 degrees F.

It is 107 soluble in water and is not combustible.

Since this compound has a low boiling point and. only
slowly reacts with water to form sulfuric acid, it is concludad
that treatment as a low-boiling liquid is most appropriate.

Ingestion ~ Classification: 0
output statement numbers: None.
 Exceptlions: None _
The lowu boiling point of this compound precludes ‘the possibility
that ingestion of sulfur dioxide per se, in the context of this
standard, would present a hazard in the industrial environment.
SUBSTANCE TECHNICAL GUIDELINES
The references cited for this document include:
Manufacturing Chemists' Association, Chemical Safety Data Sheet SU-52 (MCAY
Mational Fire Protection Association, "Fire Protecotion Guide on Hazardous
Materials," 5th edition, 1975 (NFPAY
"Matheson Gas Data Book," 5th edition, p». 513 (Math) _
Ansul Co., "Sulfur Dixoide™ and Material Safety Data Sheet (Ansul)
Sources of data items used:

T. L. 1. Synonyme: Noneg
2. Formula: MCA
3. Molecular weight: Math
B. 1. Boiling point: MCA, Ansul
2. Specific gravity: Math, Ansul
3. Vapor density: TNCA
4. Melting point: Math
5. Vapor pressure: Math
6. Solubility in water: Math, Ansul
- 7. Evaporation rate: ADL
8. Appearxancge and cdor: HMNCA, HFPA-49
TI. A 1. Hot combustilble
B. 1. Conditions contributing %o instability: ADL
2. Incompatibilities: NFPA-491H
3. Hazardous decomposition products: HNone
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b. Special precautionst ADL
ITZ. A, Steps if released or spilled: MCA, Ansul
c. Waste disposal method: MCA, Math
V. Miscellaneous precautions: MCA

USE/EYPOSURE AND CONTROL DOCUMEKT

References used in the préparation of this dogument ineclude:

Emerican Petroleum Institute, API Toxicological Review, "Sulfur Dioxide,"
1963 (APIL)

Anderson, A., "Possible Lonyg Term Effecdts of Exposure to Sulphur Dioxide,"
Brit. J. Industrial Med.; 7, 82 — 6, 1950 (Anderson)

Bas¥in, &. D.
Railway Systems and Management Assoc., Chicagée, 1972 (Baskin)

Huntez, D.,

- editor, "Handling Guide for Potentially Hazardous Commodities,”

"The Diseases of Occupations," 4th edition, Little, Brown,

1969 (Hunter)
Intexnational Labouxr 0ffice, "Encyclopedia of Qccupational Health and

Safety,"

Jagoebs, M. B.,
Interscience; 1967 (Jacobs) _

R. and Othmer, D., "Engyclopedia of Chemical Technology," Intezrscience

Publishers, 2nd edition, vel. 19, 1969 (K-0)

Kirk,

Semrau, K. T..

Geneva, 1972 {(ILO)

"The Analytical Toxicology ¢f Industrial Inorganic Poisons,”

"Control of Snlfu; Oside Emissions fzxowm Primary Copper,

Lead and Zinc Smelters - A Critical Review,™ J. Air Pollution Contzol

Assoc. ,

Spactor, W. S.

"Sulfur Dioxide,” Américesn Industrial Hygiene Assoc., Hygiens Guide
Series, Dec. _

"Sultur Dioxride.,” The Ansul Co., "Sulfur Diowide™ (Ansul S02)

"Sulfur Dioxide," The Ansul Co., HMaterial Safety Data Sheet (Ansul HMSDS)

"Sulfur Dioxide," Hazard Process Index, Hazard Entry No. 177, NIOSH~HSM-
99-73-62 (HPI)

"Sulfur Dioxide," Manuifatturing Chemists' Assoco., Chemical Safety Data
Sheet 8bh~52,

"Sulfur Dioxide," Mass Dept. Labor and Industries, Div. Occup. Hyg..,
Chemical Data Sheet No. 23, July 1972 (Hass #23)

"Sulfur Dioxide," Commenwealth of Pennsylvania, Depi. Environ. Rescurces.,
Occup. Health, Hygienic Information Guide No. 17, July, 1971 (Penna #17)

21(4), 185 -~ 9u, 1971 (Sewmrau)

» "HandbooR of Toxicelogy,"™ Saunders, 1956 - 1959 (Spectozx)

1955 (Guide)

1853 (MCA)

Utidjian, M. D., "Recommendations for 4 Sulfur Dioxide Standard,"
J. Ogecup. Med., 16(6), 406 - 711, 1974 (Utidjian)
References for Specific Uses/Exposure

—
-

1. Jacohs, HPI, Ansul 8§02, K-0

2. HPI, Guide, Anderson, APFY, Ansul 502
3. HPT, API, K-0, Guide, Rnsul 802

I, RPI, Guide, Jacobs, K~0, Ansul 502
5, Jacobs, HPY, API, Semrauw

6. Ansul 302, K~0, HPI, MGA, Baskin

7. K-0, HPX, API, Guideé

8. K~0, Huniter, Jacchs, Guide, Rnsul S02
g. Spectoxr., Jacobs, Hunter, Guide

10. Ansul So02, Gude

10. Ansul 502, Gulide

11. K-0, Ansul 802

References for Specific Control Methods
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MCA; Mass #23, Penna #17, Guide, ILO, Ansul MSDS, APY and Utidiian
were the references used in all the Specific Coéntrol Methods.
_ RESPIRATQR TABLE DOCUMENTATION
SUBSTANCE! 'Sulfur dioxide )
D. 0. L. STANDARD: 5 ppm
WARNING PROPERTIES:

Odozr Threshold: The Documentation of TLV's repoxrts that "Henderson and
Haggard gave the odor threshold as 3 to 5 ppm."

Eye Irritation Level: Patty states that "20 ppm is the least amount
irritating fo the eyes." Foxr the purposes of this standard, half -
facepiege respirators are permitied up to 20 ppm.

Other Information: Patty states that "sulfur dioxide is an ixritant gas:
6 to 12 ppm causes immediate irritation to nose and throat. Three
tenths to 1 ppm ¢an ha detacted by the average individual, probably
by taste rather than by odor, and 3 ppm has an easily noticeable odor."

Evaluation of Warning Properties: Through odor and taste, sulfur dioxide
can be detected at or helow the permissible exposure limit. Through
nose and threoat irritation, sulfur dioxide can he detectad within
three times of the permissible exposure limit. Fox the purposes
of this standard, thergfore, sulfur dioride is treated as a material
with good warning properties. Gas sorbent respiratory esquiphent is
rermitted.

IDLH: 100 ppm

Basis for IDLH Value: This IDLH is based upon the report in the ATHA
Hygienic Guides that "50 to 100 ppm is considexed the maximun
concentration for 1/2 to 1 hour euposure.” Concerning the atmosphezic
concentration immediately hazardous to life, the Hygienic Guides
state that "400 - 500 ppm (is) considered dangerous For even short
periods of erposurée. Exposura t6 unendurable csoncentrations is not
necessarily hasardous if escape is made within a few minutes.™

Other Toxricological Information: The Documentaticn of TLV's states that
"the chief effact of sulfux dioxide is irritation of the nmucous
membranes. Adcording to Fluzy and Zernik most animals survive eXposures
of one to five hours at 400 ppm, bhut deaths resulted from 600 to
800 ppm in some species. The concentrations dangerous to humans are
given as 150 to 190 ppm by one source, while anotherx estimates that
6h to_ZhS ppm can be tolerated tor one-half to one hour. For several
‘hours' exposure, concentrations of & %o 12, and 25 to 40 ppm are
suggested.

"Henderson and Haggard yave the odor threshold ®s 2 to 5 ppm,
the least doncentration causing thoat irxitation 8 +to 12 ppm, the
maximium conéentration fox prolonged euposure 10 ppm, while 20 ppm
is the least concentration causing coughing or eyve ixritation.
Concentrations of 400 - 500 ppm are dangexrous foxr even shox+:
exposure . . .

"Greenwald, in a review oFf the effects of sulfur dionxide on
han and animals, criiized the TLV of 10 ppm which was in effect at
that time. He stated that few healthy adults find congentrations
up to 5 ppm objectionable, but that a level of 10 ppin is apt to
be irritating. The Michigan DPivision of Ocoupational Health reported
that a concentration of 10 ppm of sulfur dioxidé caused definite dis-
comfort in exposed workers, while the O¢eupational Health Section
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of Cregon xepor%ed upper respiratory irriftation and some noseblseds
in workers exposed at 10 ppm. The sympioms disappeared at 5 Ppm,
"The TLVY of 5 ppm should prevent respiratory tradt 1rr1t1tlon
in most workers and ¢ause only mlnlmal eftects in those workers
who are sensitive to irritant gases.
Spvector states that "exposure to 500 ppm for 1 hour is
dangerous. but 200 ppm is intolerable and wil} drive a man out."

Sulfur dicoxide is noet combustible. _
VAPOR PRESSURE AT 20 C: 3Sulfur dioxide is a gas at 20 C.
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USE/7EXPOSURE AND CONTROL DOCUMENMT

Use/Exposurse
Inhalation of gas and
skin contact with liquid
ox gas during use in
paper pulp manufacture.
Widely used in sulfite,
Exraft, and semi-chemical
mills f£or fortifidéation
of sulfite liguozs,
dcid flash bleaching,
and neutralizaticon of
rézroxides. Used .in
preparation of sodium
sulfite, magnesium and
ammonium bhisulfites,
¢hlorine dioxide, zinc
and sodium hydrosulfite
hleaches.

Inhalation of gas and
skin contact with liguid
or gas during use in oil
refineries: selective
soelvent extraction of
Iubricating oils; solvent

dewaxing of paraffin

distillate or feedstock;
treatment of low molecu-
lar weight stocks; oil
sulfonation

Inhalation of gas and

skin contact with liguid
during use in the food
industxyt ‘uwine préparation
(for contrel of acidity and
¢olox, as a selective
antiseptic ~ allowing
unrestricted growth of
added yeasts, as anti-
exidant); modification

and separation of starches:
blea¢h and presezvative

for dried fruits and
vegetables; grain milling;
beet sugar preduction;
malting processes;

cherry brining; manufac—

ture of industrial and food

SULFUR DIQOXIDE
Principal Route

of Entry
A)B

Currentiy Used

Control Methods
Proceds en¢losure and/or
local eihaust ventilation:
general dilution ventila-
tion; personal protective
equipment (respiratory
rroteective devices, Fface

shield, gogyles, gloves);

good personal hygiene
rractice

Process enclosure and/sor

local exhaust ventilation;

general dilution ventila-
tion; personal protective
equipment (respiratory
protective devices, Fface
shigld, goggles, gleves);
good pexrsonal hygiene
rractice

Process enclosure andsox
local exhaust ventilation;
general dilution ventila-
tion; personal p¥otactive
equipment (respiratory
rrotective devices, Zface
shield, goggles, gloves);
good personal hygiene
practice
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proteins as extractant,
precipitant, bleach, and
preservative (soyhean protein,
casein, gelatin, and glue)

Inhalation of gas and 4,8
skin contact with liquid or

gas during use forx

synthesis: sulfuric

acid (used in fexrtilizers,

chemicals, petroleum
refining, paints and
pigments, metallurgy,
ekxplosives, textile
finishingl; sulfites angd
bisulfites (disinfeé¢tants,
cil Zefining, chemical
analysis, bleaching,

food preservation); sulfur
trioxide (sulfonation)j
thionyl and sulfuryl chlozides
tsynthesis, solvants,
catalysts, pharmaceuticals);
chloxring dioxide and scdium
bisulfate (blesaching. wWater
treatment, oder control);
other chemicals used fox
tanning, rhotegraphy,
nerdants, ore treatment.
nétal cleaning, antiseptics,
rubber manufacture; usad as
c¢atalyst, acidifving and

Tieutralizing agent, prepara-

tion of sulfone resins; used
as owxidizing, reducing,
and purifying agent

Inhalation of gas and A,B
skin ceontact with gas

during evolution of S$Q2

as a by-product of ore

refining (iren, copper,

zing, and lead ores) and

industrial fuel burning,

The S02 is often converted

to sulfuric acid or

elenmental sulfuzr.

Inhalation of gas and A, B
skin contact with gas

or liquid during manu-

facture, distribution.

Process enclosure andr/or
local exhaust ventilation:
general dilution ventila-—
tion; personal protective
equipment (respiratory
protective devices, fade
shield, goggles, dgloves);
good personal hygiene
practice

Process enclosure and/s/er

loecal exhaust ventilation;

genexral dilution ventila-
tion: personal protegtive
egquipment {(respiratoxy
protective devices, face
shield, godgles, glovesl);
good personal hygiehne
practice

Process en¢leosure and/ox

local ewhaust ventilation:
ganeral dilutien ventila-
tion; personal protective
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and maintenance of
equipment

Inhalation ¢f gas and

sKin contact with gas
during use as a commexrcial
refrigerant (in mecha-
nical refrigerators)

Inhalation of gas and
skin contact with gas

or liguid during use as
bleach (for wood pulp,
straw, wool)l); also used
as antichlor to remove
traces of chlorineg and
other oxidizing bleaches
(used following peroxide
bleaching of weood); used
in sugar refining,
processing of fruits

and grains, apple slice
+treatment

Inhalation 6f gas and

8kin coentact with gas

or liguid duxing use as
fumigant (for ships: anti -

plague — Rilling rats)

Inhalation of gas and
skin contact with gas
or liguid during use in
mining and metallurgy:

production (melting and

casting) of magnesium and
celbalt; extraction, enrigh-
ment, and zecovery of copper
and lead; ores containing
uranium, selenium, and
tellurium

egquipment (respiratory
protective devieces, Fface
shield, goggles, gloéves):
goofl personal hygiene
practice

Process enclosure andsor
local exhaust ventilation;
genexral dilution ventila-
tion; personal protective
equipment (respiratoery
protective devices. fiace
shield,; goggles,; gloves?);
good personal hygiene
rractice

Process enclosure andsox
local exhaust ventilation;
general dilution véentila-
tion; personal protective
equipment {(respirdatory
protective devices, Face
shield, goggles, gloves);

good personal hygiene

practice

Procdess enclosure andsox

local exhaust ventilation;
general dilution ventila-
tion; personal protective
eguipment (respirateory
protective devigeés, Fface

shield, goggles, gloves);
good personal hygiene

practice

Process enclosure and/or
local exhaust ventilations;
general dilution ventila-—
tion; personal proeteetive
equipment (respiratory
protective devices, face
shield, geggles, gloves);
good perscnal hygiene
practice
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NIOSH/0SHA Draft Technical Standarad
and Supporting Documentation for SULFUR DICXIDE

Inhalation of gas and
skin contact with gas

or liwguid during miscellan-—
gous uség: leather tanning

{preparation of chroma

ligquorl); ¢hrome waste treat-

meiit; manufadtire of

special glass {(neutralization);

Process enclosure and/or

local exhaust ventilation;
genexral dilution ventila-
tion; persoral protective
equipmnent (respiratorxy
protective devices, fac¢e
shield, goggles, gloves);
good personal hygiene

photoyraphy; water ftreatment; " practice
cleaning of filter beds and
wells; textile processing
{antichlox); ore f£lotaticn
A -— Inhalation
B -~ 8kin and eye contact zesulting
in localized irritation
¢ -- Ingestion
B —-- Skin dontad¢t zesulting in

ahsorption and subsequent

systemic poisoning
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1,356 CARDS READ
0 SYSOUT PRINT RECORDS
0 SYSOUT PUNCH RECORDS

0.00 MINUTES EXECUTION TIME
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