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NIOSH/OSHA Draft Technical Standard
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The basic text of +this decumeént contains the draft techniéal standard
approved by the Joint Review Committee of +he HIOSH/OSHA Standards
Completion Program and the supporting documentation for the substance
TITANTIUM DIOXIDE.

The SCP draftil technicdal standards are recommendations to the Department of

Labox foxr its consideration in rulemaking and have no legal status until
final xules have been promulgated by that agency. This draft standard is

provided for your information only.

The References and Sources, Respirator Table Documentation and Use/Exposure
and Contrel Documentation are the working documents used by the various SCP
working groups during the development of the draft technical standard and
serve as the technical foundation for the standard. The classification for
each substance and the ragulatory statements were derived Ffollowing a
decision logic established for the vaxious sections of the standard.
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Definitiens. (1) YPermissible exposure” means expesure of emplcoyeés

to airborne concentratiens of titanium dioxide not din eéxcess of 15
mitligrams per cubidé¢ meter (mgr/M3) averaged over an eight-hour work shift
{Limé weighted average), as stated in $ 1910.1000, Tabhle Z-1.

€2)

(L)

"Acotion level" means one half of the permissible exposure for

titanium dioxide.

Exposure deftermination and measurement. (1) Each employer who has a

place of employment in which +titanium dioxide is xeleased dinto the
workplace air shall determine if any employee may be exposed to girbozrne
concentrations of titanium dioride at oxr above the action level. The
determinatien shall pbe made each fime there is a c¢hange in production,
process, or control measures which gould result in an ind¢rease in airborne
concentrations of titanium dioxide.

(2)

A written recoxd of the determination shall be made and shall contain

at least the Foliowing information:

(i)

Any information, observations, or calculations which may indicate

employee exposure to titanium dioxide;

(ii)

(1ii)

Any measurements of titanium dioxide taken;:
Any employee comnplaints of symptoms which may be attributable %o

exposure to titanium dieoxide: and

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

¢3) If +the ewnployer determines that any employee may he exposed to

titanium dioxide at or ahove the action level, the exposure of the employee
in each work operation who is helieved to have the greatest exposure shall
be measured. The exposure measurement shall be representative of the
maximum eight-hour tims weighted average exposuxre of the employee.

4

If the ewposure measuzxement taken pursuant to paragraph (h) (3) of

this section reveals employee 2xposure to titanium diowxide at or above the

action
(i)

level;
(ii)
(5)

level, the employexr shall:

Identify all employees who may be exposed at or ahove the action
and

Measure the exposure of the employees so identified,

If an employee enposure measurement reveals that an employee is

exposed to iitanium diownide at or above the action level, but not above the
permissible exposure, thé exrposure o¢f that employee shall he measured at
least every twuo months.

(6)

If an enmployee exposure nmeasurement zreveals ihat an employee is

exposad to ititanium dicxide above the permissible exposure, the employer

shall:

i) Measuzre the exposure monthly of the emplovee so exposed; and

(idi)d

who 1is
S HPOSUTE ., The employee shall also be notified of the corrective action
heing taken to xeduce the exposure te at or belouw the rermissible exposure,

——
-

(72

Instltute control measures as regquired by paragraph (d) of this

section; and
Ciid)d

Individually notify, in uriting, within £ive davs, every employee
found Lo he edposed +to titanium dioxide above the permissible

If two consecutive employves exposure mesasuremnents taken at least one

week apart reveal that the employee is exposed to titanium diouide helow
the action level, the employer may terminate measurement for the employee.
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(8} For purposes of this paragxaph,

oceur iFf the employee uexe not using a respirator.
(1) An employee’s exposure shall be obtained
by any combination of long term cr short teérm samples whith represents the

(¢) Methods of measurement.

enployee’s actual exposure
Appendii B (IV) of this secti

averadgad
onl.
(22 The method of measurement shall have an accuracdy,

over

level of 95 pexcént, of not less than that given in Table 1.

employes exposure is that which would

an eight-hour woxrlk shift (See

to a confidence

et

Table 1

Concentration Requiréd Recuracy
Ahove permissible exposure + 254
it or below permissible exposure
and above the dction level ¥ 354
At orxr balow the action level * 504

(d?l Compliandce. (1) Ho employee shall he exposed to titanium dioxide
above the permissible exposure as defined in paragraph (al(1) of +this
section.

(23 Employee exposures to alrborne econcentrations of titanium dioxide

shall be controlled to at or halow the peérmissible exposuze by

and woxrk practiece cdontreols:

eéngineering

(i3 EBEngineering and work practice controls shall be instituted to reduce
exposures to at or below the permissible exposure, except to
that such contrels are hot technically feasible.

£ii) Wherever engineering and work practice controls are not sufficient
they shall

to reduce exposures to at or bhelow the

nonetheless

permissible exuposure,
he wused to reduce exposure *¢6 the louwest level feasible and

the extent

shall be supplemented by respirators in anccorflance with paragraph (d)(L4) of

this section.

{3) Engineetring coentrols.

Whenr mechanical wvenhtilatien is used to
control exposure, measurements which demonstrate system effectiveness, for

example, ailr veloecity, stati¢ pressure, or air volume, shall bhe made at
least every three months. Uleasurements of system effectiveness shall also
he made within five days of any ¢hange in produétion, process, or control
which might result in an increase in airborne concentrations of titanium
dioxide.

L3 Compliante with +the permissilble exposure shall hot he achieved by

the usée of respiratoxrs axgept:

(i) During the time period necessary to instail or implement engineering

or work practice ¢ontrols; or

(ii)d In work situations in whiech ergineering and worR practice controls

axe technically not feasible;

or
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(iii) Toe supplemént enginesring and work practice controls when such
gontrels f£ail to reduce airlborne <¢onceritrations of titanium dioxide to =zt
or helow the permissible erposure; o¥

(iv) Fox operations which regquire entry into tanks or closed vessels; o¥

(v) In emergencies.

(51} Where respirators dre needed and permitted under this paragraph to
reduce employee exposure, the employer shall select and provide the
appropriate respirator from Table 2 and shall ensure that the employee uses
the respirator provided.

TABLE 2 RESPIRATORY PROTECTION FOR TITANIUM DIOXIDE

dust or Mist Concentration

75 mg/M3 or less Any dust and mist respixator.

150 mgsM3 or less Any dust and mist respirator exéept single-use or gquarter
mask zespiratoer.

Dust, Mist, ox Fume

Concentration

150 mgsM3 or ‘less Any fume respirator or high efficiency particulate filter
respirator.
Any supplied-air respirator.
Any selfwcantained hreathing apparatus.

750 mgs/MN3 or less & hlgh efflclency particulate f£ilter respirator with a
full facepiede.

Any supplied—air respirator with a full facepiece, helmet
cr hood.
Eny seli-contained hreathing apparatus with a full face-
piece.
7:500 mgs/M3 orx A powered Air-purifying respirator with a high efficiency
less rarticulate filter.

A Type C supplied-air respirator operated in pressure -

demand or other positive pressure or continuous-flow mode.
Greater than Self-contained breathing apparatus with a full facepiece
7,500 mgs/M3 or operated in pressure-tfdemand or other positive pressuzs
antry and mode .



.

HIOSH/70SHA Draft Technical Standard
and Supporting Documentation for TITANIUM DIOHIDE

escape from el R e
unknouwn A combination respirator which ingludes & Type ¢ supplied -
concentrations ‘air respirator with a £ull fagepiece opérated in pressure -
demand or other positive pressure or continuous—Flow mode
and an auxiliary self-contained breathing apparatus
operated in pressure—-demand or other positive pressure mode.,

Fire Fighting Self-contained breathing spparatus with a full facepiece

operated in pressure~demand or other positive pressure
mode .
(6) Respirators shall be approved hy the Mining Enforcement and Safety

Rdministration {formerly Buxeau of Mines) or by the National Institute fox
Occupational Safety and Health under the provisions of 30 CFR Part 11.

17) The employer shall institute a respiratory protection program in
accordance with $ 1910. 134(b), (d4), (ed, and (£).
(e) Fire and safetv. The employer shall familiarize himself with the

information contained in the Substance Technical Guidelines (Appendix B of
this section} for titanium diowxide. '

(£) Resexved.

{g) 8pills and disposal. In the event that titanium dioxide is sgpilled
the employex shall immediately provide available ventilation and then clean
up the spill.

(h) Reserved. ,

(i) Training and information. (1} Each employer who has a workplace in
which titanium dioxide is present shall Keep a copy of this regulation with
Appendixes kK, B a&and ¢ at the workplace. This material shall he made
readily available to affected employees.

2) Each employer who has employees exposed to titanium dioxide above
the action level or employees who worlk where a spill of titanium dioxide
may occur, shall annually:

(4 Inform affected employees o¢f the information ¢ontained in the
Substance Safety Data Sheet £or titanium dioxide (Rppendin B of +this
section);

(ii) Advise affected employées as to the signs and synptoms of exposure
to titanium dioxmide. _
(iidi Instruct affected employees +to advise the employer of the

developmant of signs and symptoms of exposure to titanium dioride which aze
listed in Appendix A of the section;

(iv) Instruet affected employees to inform the enployer if they dévelop
any of the wedieal conditions listed in paragraph (j)(2Y of +this section:
and

(v) Provide training to ensure that employees understand the precautions

of safe. use, emergency procedures, and ‘the correc¢t use of protective
eguipment relative to titaniunm dioxide. _
- (3} Medical surveillance. (1> The enmployer =shall provide medical
procedures as required by this paragraph. A1l medical procedures shall he

pexformed by oxr under the supervision of a physician at mo cost to the
eniployee.

(2) The employexr shall obtain from sach employee uwhoe is expoesed, or will
be exposed, to titanium diowide or airborne concentrations of . titanium

—
-
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dioxide at or above the action 1lével, information as to whether such

employee has a history of chronic lung diseéase.

(3} The employer shall provide a medical examihation for the employee if:

(i) The émployee provides a history of any of the medical conditions
listed in paragraph (3Y¢2) of this section; ox

(i) The employee informs the emnployer of the development of any of the
medical conditions listed in paragraph {33(2) of this section or any of the
signs or symptoms of exposure to titanium dioxide which arée listed in
Appendix A which the employee suspects adre caused by esposure +to titanium

diexride.

{4) The employer shall provide to the examining physician the following
information:

(i) A c¢opy of this regulation with Appendixes A, B and ¢ for titanium
dioxide; '

(ii) A description of the affected employee's duties as they relate to
hig expesure toe titanium dioxide;

(iii) A description of any personal protective equipment and respirators
required to be used;

(iv) The zesults of any measurements which may indicate the affected
emploved's eXposure;

{v) The affected employee’'s anticipated exposure; and

(vi) Upon request of the physician, any available information From
previous medical examinations of the affected employesa.

(5) Where a medical examination is required by paragraph (3)(3) of this
segtion, following such examination the employer shall obtain a written
opinion froewm the examining physician which conforms with paragraprh (3j)(63
of this section.

(6)(i) The physicisn's written opinion shall be a signed statement by the
examining physician spegifically stating: (A) Whether the employee has any
detected medical condition which mould place the employee at increased risk
of material impairment of the employee’s health from erposure to titanium
dioxide ox .would directly or indirectly aggravate any detected medical
condition;

(B) Any recommended limitations upen the empleyeée's axposure to titanium
dioxide including limitations upon the use of Personal protective equipmént
and regpirators;

{(C) That the employee has been informed by the physician of any detected
medical conditions which regquire further medical examination ox +treatment.

(ii) The physician's written opinion shall not reveal specific medical
findings or disgnoses unrelated %o exposure to titanium disgide.

_{iii) The employer shall provide +the amployee with =a copy of the
physician's written opinion.

{7) No employse shall be exposed o titanium dioxide ox airhorne
concentrations of titanium dioxide in such a way as would put the employee
at inc¢reased risk of material 1mpa1xment of his health from such exposure.
This determination may be based on the physician’'s written oplnlon

(82 The employer shall previde enmerxgehey and follom-up medical
examinations and treatment for any employee injured through exposure to
titanium dioxide.

193 If an employee refuses any required medical examination, the employer
shall inform the employee of ‘the possible health consequences of such
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refusal and obtain a signed statement Ffrom the emplovee indiecating that the
employee understands the risk involvéed by refusal to be examined.

C10) Mo medical procedure which would he performed pursuant to this
section need be performed if records of a pzevious such procedure performed
within the past six months are acceptable to the examining physician, _

(k) Regordkeeping. (1) Exposure determination. (1) The employer shall
keep an accurate record of all determinations required to be made puxsuant
toe paragraph (Db)(1) of this section.

(ii) This zreceoxrd shall include +the written determination reguired in
paragraph (bl(2) of this section.

(411i) This zrecord shall be maintained until replaced by a more recent
racord.

(2) Exposure measurements, () The employex shall Xeep an accurate
record of all measurements taken to determine employee expoesure to titanium
dioxide.

(ii) Thig record shill includert

(AY The date of measurement;

{8} Operxations Involving exrposure o titanium dioxide which are being
monitored;

(C) Sampling and analytical metheods used and evidence of their accuracy,
including %the method, <xesults and date of calibration of sampling
equipment; .

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

(E} Mame, social security number and exposure of the employee monitored.

(iii) "This &record shall be maintained until replacded by a mora recent
record but in nc event for less than one yvesar.

(3) nMeghanical ¥ventilation, (i) MWhen mechanical ventilation is used as
an engineerirng control, the employer shall maintain an accurate record of
the measurements demonstrating the effectivaeness of such ventilation
reguired by paragraph (4)(3) of this section.

{ii) This record shall include:

{(AY Date o6f measurement:

{B) Type of neasurement taken;

{C) Result of meEasurement.

(iii) These records shall be maintained €or at least one year.

(43 Employee training and information. (i) The employer shall Reep an
accurate recoxrd of all employee +training and information zregquixed by
paragrarh (1) of this section.

(i) This record shall include:

(B) hate of training:

(B) Name and sccial security number of employee trained;

(C) Content o¥ scopé oFf training provided.

(iii? This 1=record shall be maintained until replaced by a more recent
record. ' '

{5) Medigal surveillance. (i) The employer_shall_keep an accurate
record of employees medical surveillance required by paragraph (j) of this
section.

{(ii) This record shall include:

{A) Information concexning medieal donditions obtained f£rom the eémployee
pursuant to paragraph {(3)(2) of this section:;
© (B) Any employee medical complaints relative to eéxposure to titanium
dioxide; '
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(¢) A copy of information provided to the physician pursuant to paragraph
(320483 C44iY¥, (4iii), ¢iv), (v), and (vi) of this section.

(D) Physician's written opinicen; and

(E) A signed statement of any refusal to be exramined.

{iii) This zrecoxd shall be maintained for the duration and for one yearx
after termination cof the_employment of the affected employee.

(6) Access _to . regords., {i) Rll records required to be maintained by
this sedtion shall be made available upon request to authorized
representatives ¢f the Assistant Secdretary of Labor f£or Occupational Safety
and Health and the Diréctor of the MNational Institute for Occupational
Safety and Health.

(ii} FEmployee exposure determination and exposure measurement records
required to be maintained by this section shall be made available to
employvees and former employees and their designated representatives.

{iii) Employee madical records reguired to be maintained by +this section
shall be made available upen writtern regquest te a physician designated by
the employee or f£ormsxr emploves.

(1Y Employves obsexvation of nessurement. (1) The employer shall give
affected employees or théeir representatives an opportunity to obhsexve ‘any
measurement of employee euposuré to titanium dioxide which is cenducted
pursuant to this section.

(2 When observation of mpeasurement of employee exposure to titanium
dioxide reguires entry inte an area whexre the use of personal protective
devices, including respirators, is required, the oehsexver shall be provided
with and =xeguired to ise such equipmeént and cdomply with all other
arplicable safety procadures.

(3) Without interfering with the measurement, obsexvers shall be entitled
tTo:

(i) Receive an explanation of the measurement procedure.

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

(iii) Record the results ohtained.

_ NOTE: The information contained in the following appendines is advisory
in_nature and dis not intended, by itself, to oreate any additional
obligations not otherwise imposed or detract Ffrom any existing obligation.

APPENDIX A

‘SUBSTANCE SAFETY DATA SHEET
FOR TITANIUM DIOXIDE
I. SUBSTANCE IDENTIFICATION



g

IT.

ITIT.

Iv.

vI.

.
HEALTH
A.

B.

NIOSH/QSHR Draft Technical Standard
and Supporting Documentation for TITANIUM DIOXIDE

Substancer Titanium dioxide

Permissible Exposure: 15 milligrams of titanium dioxnide per
cubic meter of air (my/M3) averaged ovexr an éight-hour work
shift.

Appearance and Odor: White powder with no odox
HAZARD DATA
Ways in which +the c¢hemieal affeets vour body: Titanium

diexide can affect your body if you inhale it.

Effects of Ovexexnposure:

1. Exposure: Slight changes in the Lungs may occur.

. Reperting Signs and Symptoms: ¥You should info¥m your
employer if you develop any signs or sympiems and
suspeet that they are caused by exposure te titanium
diownide; ' :

EMERGENCY FIRST AID PROCEDURES

k.

Breathing: If vou or any other person hreathes in large
amounts of titanium dioxide move the expesed pexrson ‘to fresh
air at onge. If breathing has stoppred, perform artificial
respiration. Keéep the affected person warm and at rest. Get
medical attention as soon as possible.

Rescue: Move affected person from the hazardous exuposure.
If the erposed person has heen overcome, notify someone else
and piit inte effect +the established emergency rescue
proceflures. Do not become a casualty yourself, Understand
vour emergency rescue procedures and know the locations of
the equipment before the need arises.

RESPIRATORS AND PROTECTIVE CLOTHIXNG

A.

B.

c.

FRECAU
k.

B.

ACCESS

.

Respirators: Respirators axe not +the best way to control
exposure to titanium dicowide. You can o6nly bhe regquired to
wear ‘them for routine use if your emplover is in the process
of installing controls or contreol measures prove inadequate.
Ycu may he reguired to wear respirators For non-routine
activities or in amergencies, If respirators are worm, they
must have a HMining Enforcement and Safety Administration
(MESA) or Hational Institute For Cedupational Hafety and
Health (HIOSHBY approval label, (0lder respirastors may have a
Bureau of Mines approval label.) Foxr effective protection.

respirators must fit your face and head snugly, Respirators
should not bhe loosened or removed in work situations uwhere
“there use is required. I+ you experience difficulty

breathing while wearing a respirater, tell youx employer.
Protective Clothing: Not applicable.

Eve Preéotection: Not applicable.

TTOHS FOR SAFE USE, HBHDLING AKD STORAGE

Titanium dioxide must be stored in tlghtly cloesed contalnezs
in a well-ventilated area.

AskK vour superviser where %titanium dioxide is used in your
work area and for any additional safety and health rules.

TO INFORMATION

Each vyear your emplover 1is required to inforim you of the
information contained in this Substance Safety Data Sheet For
titanium dioxide. In addition, your employer must instruet
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veu in the wafe use of titanium dioxids, amérganay
procedures, and the c¢orrect use of protective sguipment.
Your enployer is required to determine whether yvou are heing

exposed to titanium dioxide. You or your representative have
the <xight +to observe employee exposure measurements and to
record the results obtained. If your ewmployer determines

that you are being overexposed, he is required to inform you
of the exposure and of the actions which are being +taken to
reduce youxr eXposure,

Your ewmpleoyver 1is regquired +to Lkeep records of exposure

determinations, exposuie measuréements., and medical
surveillance. Your éemployer is reduired to make redords of
exposure determinations and vyour exyposure measurements

available %o you or your representative upon your regquest,
Tour employer is required to release your medical records to
your physician upon your written zeguest.

APPENDIX B

SUBSTAHCE TECHNICAL GUIDELIMES
FCR TITAHIUM DIOCXIDE

PHYSICRL AND CHEMICAL DATA

A.

FILE,

SPILL

Substance Identification

1. Synonyms: Rutile; anatase; brookite

2. Formula: Tio2

3. Molecular weighti 79.9

Physical Data

1. Boiling point (760 mm Hg): YLess than 3000 C (less than 5432
2. Specific gravity (water = 1): 3.9 - .2

3. Vapor density (ai¥ = 1 at boiling point of

titanium dioxidel: Mot applicabile

h. Melting point: 1640 C (2984 F)

5. Vapor pressure at 20 ¢ (68 F): FEsgentially zexo

6. Solubility in water, % by weight at 20 ¢ (68 F): Insoluble
7. Evaporation rate (butyl acetate = }1}: Not applicable
8. Appearance and odox: White powder with no odorx
EXPLOSYION AND REACTIVITY HAZARD DATH

Firxe

1. Not combustible

Reactivity

1. Conditions contributing 4o instability: None

2. Incompatibilites: HNone

3. Hazardous decomposition preoducts: MHone.

. Special precautions: HNone.

AKD DISPOSAL PROCEDURES
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If titanium dioxride is spilled, the F£ollowing steps should be
taken:

1. Ventilate area of spill.

2. Coellect spilled material in the most convenient and safe
manner foxr reclamation, or for disposal in & sanitary
landfill. Ligudid containing titanium dioexide should be

abserbsd in vermiculite,; diry sand, eaxrth o¢xr a similar
matexrial .
Persons not wearing protective eguipment should be restricted
from areas of spills until c¢leanup has been completed.
Waste disposal methods: Titanium dioxide may ke disposed of
in a sanitary landfill.

MONITORING AND MEASUREMEHNT PROCEDURES

AL

EXPOSURE AROVE THE ACTIOH LEVEL: Measuremsnts takén for the
purpose of determining employee exposure under this section
are Hest taken such that the average 8-hour exposure may be
determined frem a single eight-hour sample ox ‘tuwo b-hourxn

samples. Several short time interval samples ({up to 30
minutes) may also be used to determine the adverage exposure
level. Air samples should be +taken in the employes's

breathing zZene C(air that would moést nearly represent that

inhaled by +the emnployee). Sampling and analyses may be
performed by instruments such as détector tubes certified by
NIOSH undexr 42 CFR paxrt 84, portable direct-reading
instruments, dosimeters, or by colliection of thé particulates
using a ‘high efficiency membrane filter with subsequent
chemical analyses. The method of measurement must determine

the goncentration_of titanium dionide to plug or minus 353.

EXPOSURE ABGVE THE PERMISSIRLE EXPOSURE: The monitoring and
measurenents under this section should be essentially the
saite a5 described under paragraph IV. 4. Laboratories
rerforming chemieal analyses should ke aceredited in
Industrial Hygiene Chemistry by the American Industrial
Hygiane 1IAssociation. The method of measurement must
determine the concanﬁxation of titanium dioxide to plius or

minus 25%.

METHODS : Methods meating these accuraecy regquizements arxe
available from the National Technicé¢al Infermation Service, Y.

B. Departmént of Commerce, Springfield, Virginia 22167 undex

the title "NIOSH Analytical Methods for Set 0" (Order number
KXXEAXXKKEY . o

QUALIFIED PERSONS: Since many of +the duties relating to
employee protection are dependent on the, results of
monitering and measuring procedures, emplovers should assure
that the evaluation of émployee exposures is performed by &
competent industrial hygienist or other téchniecally gualified
rexrson.,

HISCELLRNEOUS PRECAUTIONS

A,

B.

Store titanium dioxide in tightly closed containers in a well
ventilated area.

Employers should advise employees of all areas and operations

where exposure -to titanium diowide could occur.
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T. COMMON OPERATIONS
Common eperations in which enposure to titanium dioxide is lilkely to
OQOUr are: Duxing its wuse ‘as a pigment Ffor paper, plastics,
pelymers; texrtiles, gaskets for food produgts; during-its use in the
manufacture of ceramic capacitors, vitreous enamels, synthetic gems;
during the mining of certain titanium ores; during the deployment of
titanium tetrachloride smoRes; and during its mining, purification,
packaging and distribution,

APPENDRIX ¢ - MEDICAL SURVEILLANCE GUIDELIHNES

ROUTE OF ENTRY

Inhalation.
TOXICOLOGY

Titanium dioxide dust is a mild pulmonazry irxzitant. Rats repeatedly

exposed to concentrations of 10 to 328 nillion particles per cubic £oot
of aixr foxr as long as 13 menths showed small focal areas of emphysema
which were attributed to large deposits of dust; there was no evidence of
any specific lesion bheing préduced by titanium dioride. Three of 15
workers who had been exposed to titanium dioxide dust showed radiographic
signs in the lunygs resembling "slight £ibrosis." but disabling injury did
noet eodour; the magnitude and duration of exposure weére not specified: In
the Jlungs of 3 workers involvad in processing titanium dioxide pigments,
deposits of the dust in the pulmonary interstitium were associated with
cell destruction and slight fibrosis; +the #indings indicated +that
titanium dioxide is a mild pulmonary irritant.

ITI. STGHNS AND SYMPTOMS

S8light lung Fibrosis.

IV. SPECIAL TESTS

VI.

Hone in c¢ommon usage.
TREATMENT

Hone speeific.

BURVEILLANCE AMD PREVENTIVE CONSIDERATIONS

A. GENERAL
Titanium dioxide is generally considered %o Dbe &an innocuous
particulate material and a nuisance dust, although, 1t has been
réeported to cause slight lung fibroesis in man and animals. It is

important that the physician become Ffamiliar with plant _bpexating
conditions in which exposure to titanium dioxide oceuzrs. Those with
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skin disease may not tolerate the wearing of protective c¢lothing ahnd
these with chronic respiratory diseasé may not tolerate the méaring
¢f negative pressure respiratoers.

B. PREPLACEMENT

Houtine medical histories and physical examinations are not
reguired. However, the employer must Screen employees £ox histoxy
of c¢ertain medical conditions (listed below) which might place the
employee at increased risk from titanium dioxide euposure. Only
those giving a positive history of thesé conditions must be referred
for Further medigal awaminations.

1. Chronic respiratory disease -~ Titanium dioxide is a nuisance
dust. In pexrsons with impaired rpulmenarxy function,
especially those with ohstructive airway diseases, the

breathing of titanium dipxide nght cause exXacerbation of
symptoms due to its irritant propexrties.

o. FERIODIC EXAMIWNATIONS
Routine periodiec examinations &re not xequired. However, if the
employer hecomes awara oFf an employee with the .above listed
conditions., he wust refer such employee for further medical
examination.

VIT. REFERENCES

1. American Confereiice of Governmental Industrial Hygienists: "Titanium

Dionide.,” Documentation of the Threshold Limit Values for Substances in

i1

WorRroom Air (3d ed., 2d printing), Cincinnati, 1974, p. 259.

2. Hygienic Guide Series: "Titanium Dioxide,"™ American Industrial

Hygiene Association Journal, 27:206-207, 1966.

3. Patty, Frank A.: Industrial Hygiene and Toxicology, Vol. II -
Toricology (2d ed. revised), Interscience Publishing Cowmpany, New Yozrk,
1963, pp. 115B4-1158.

LR Brouning, Ethel: Toricity of Industrial Metals (2d ed.),
Butterworths, London, 1969, pp. 331-335.

5, Elo, R., et al: "Pulmonary Deposits of Titanium Dioxide in HMan,;"

Archives of Pathology. 9U:417-424, 1972,

6. Christie, H., et al: "Pulmonary Effects of Inhalation of Titanium
Dioxide by Rats;" American Industrial Hygiene Association Jouznal, 2Zh:i{2-
56, 1963. '
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REFERENCES AND SOURCES
TITENTUM DIOXIDE
181¢.93

Personal Protective Equipmenﬁ, and, (hl Sanitatien

Eye.:
Skin:

Grant, "Toxicolcgy of the Eye"

Hygienic Guide Series, Amexican Industrial Hygiene
Association; Browning, "Toxicity of Industrial Metals;"®
Patty, “"Industrial Hygiene and Toxicology;" Schwartz,
Tulipan and Birmingham, "Occupational Diseases of the

g ]{ln L }]

Ingestion: Browning, "Toricity of Industrial Metals;™ Patty,

"Industrial Hygiené and Toxicology:;"™ Internatioenal Labour
Office, "Encyclopedia of Occupational Health and Safety;"
Hamilton and Harﬁy; "Industrial Texicology;™" Hygienic
Guide Series, Amezican Industrial Hygiene Association

COMMENTS
Eye — Classificationt ©

Skin

Cutput statement numbers: HNone

Exdeptions: Hone

Reeording teo Grant, titanium diozide is insoluble in water
and "very inext." "It has been introtuced by tatooing into
the cornea of xabbits and patients having corneal scars,
and has caused perwanent white coloration but no irritation

Most literature souxces state that because of the
chemical inertness of titanium diowide, it is uniikely to
cause any ilrritating or toxic effect on the eye. For this
reason, 1t is concluded that a classification of zero is
appropriate.

Classification: 0

output statement numhers: HNone

Exceptions: HNone -

The Hygienie Guide Sezies states. "bhe use of titanium dicnide
in therapy of skin disorders indicates its blandness,"

and according to Browning, it "inczeases the defense imechanisms
of the gKin without ¢avsing irritation.®

Patty notes that during World War IT, titaniui dioxide
was used on exposed parts of the body as =& pxotection against
fkash bhurns and was "without conseguence indicating ne
¢apacity to produse vontact dermatitis, allergic sensiti-=
zatien oxr appreciable dexrmal absorption.®

Schuwartz, Tulipan. and Birwmingham agree and state
that *titanium dioxide is devoid of toxicity and Ffor this
reason is used in the préeparation of face powders and beauty
CYEaAmS . '

Because titanium dioxide has a history of physiological
inertness, and no skin reactions of any kind have been
regeorded, a classification of zerp is concluded to be
appropriate.

For informational purposes, it is noted that titanium
dioxide is & white powder with a melting point of 640
degrees C. It is dinsoluble in water, not a £f£ire ha=zard, angd,
dfeor all practid¢al purposes, doass not :have a vapor pressutre.
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Ingestion ~ Classification:= ¢

Output statement numbexs: Noiie

Exceptionsg: Hone
Accoxrding to Browning, titanium dioxide is not regarded as
highly toxic to animals nor te humans. BAnimals have. a high
tolexration by mouth and injection. "Oral administration of
large amoeunts of titanium salts mixed with the dust is
stated by Erxreau (1955) not only to have had no toxic effects
but also acgtually to have caused an improvement in health.”
Comprehensive studies hy Vernetti ~ Blina (1928) on the
toricity hy mouth and subcutaneous injection, in varving
doses over a one to two wménth period, Kave concluded that
"titanium dioxide acted in the bhody as an inert, innocuous
subhstance. . The only ill efiect regorded by mouth was a
weight loss and some congestion of the intexrnal oxgans,
"attributed to its poor absorption from the intestine."

Patty reports, "Lehmann and Zezxget found no evidence,
from histological study of oxgans of animals fed titaniunm
dioxide for pericds up to 16 months, of any tiszue change
or of appreciable quantities of titanium in the tissues,
and conciuded that titanium is not abserbed fzom the gastro-
intestinal tract hy the blood. .M

The ILO repoxrts the substance to he "virtually inert"
and ingestion experiments suggests it acts on the body
as an innocuous waterial.

. Hamilton and Hazrdy state, "because of its chemical and
hiological propertiegs, industrial titanium exposiures are
consgidered harmlegs. ." The Hygieniec Guide Series agrees
saying, "titanium dioxide has not been shown conclusively
+o produ¢e organic diseases and is generally considezed
to be an innocuous particulate material and a nuisance
dust , "

Because titanium dioxride is "virtually inert"™ and
literature sources indicate that the material is considered
harmless, a ¢lassification of zmero is concluded %o be
appropriate.

SUBSTANCE TECHNICAL GUIDELINES
The references c¢ited for this document indlude:
E. I. duPont dée Nemouxs and Company, Material Safety Data Sheet (duP)
National Fire Protection Association, "Fire Protection Guide on Hazardous
Matexials,™ 5th edition, 1975 (NFPR)
KirkR ~ COthmexr, "Encyclopedia of Chemical Technology,™ 2nd edition, Vol, 20,
p. 392 (K-0)
"Lanfe's Handboeock of Cheémistry.," 17th editién (Lange)
Sources of data items used:

I. . 1. Synonyms: Lange
o 2. Formula: TLange
3. Molecular weight: Lange _ _
B. 1. Boiling point: ILanges Handbood of Chemistry and Physics
2. Specific gravity: KE-0
3. Vapor density: HNot applicable
B Melting point: Lange
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Varer pressure: AR

Selubility in watexr: Tange
Evapoxation ratei! Hot applicable
Appearance ant odor: dup

Flash point? MNot applicable

Autoignition temperatuxe:

Flawmable limits: Not applicable
Extinguishing media: HNot applieable

Special fire fighting:pxocedures;

Unusual f£ire and explosion hazards:
Conditions contributing to instability:
Incompatibilities: NFPA-4D1INM

Hazardous decomposition products:
Sgecial precautions: Hone
if released or spilled: dup

Waste disposal method: ADIL

Miscellanegous precautionsg: dup

UVSE/EXPOSURE EAND CONTROL DOCUMENT
References used in the preparation of this decument inglude:

"Rir Pollution Abatement in the Ceramic Industry,” Journal
Aixr Pollution Controel Assoc., 16(6}, p. 332 - 3, 1966 (NIOSH
Technical Information Sexrvice NIOSH 1238Y)
£lo, R., Maatta, _ _
of Titanium Dioxide. in Man," Arch. Path, 94¢5), p. 4§17

K., Uksila, E. and Arstila, &. U.,

and Safety," Geneva.
Kixk, R. and Othmex, R. _
Interscience, 2nd edition, 1972 (E-0)

1862 (Patty) - .
Stanford Research Insiitute, "Chemiecal Economics Handbook," Menlo

Park (SRI)

R

1972

(ILO}

Hone

Not applicable

Hone.

None

ADL

"Pulmonary Deposits

24, 1972

"Encyclopedia of Oc¢cupational Health

.» "Encyclopedia of Chemical Technology,"”

mritanium Dioxride,”™ duPont Co., Material Safety Data Shaet (duPént MSDS)

"Titanduw Dioxride.™

vrTitanium Dioxide," Hazaxd Process Index,”™ Hazaxd Entry No.

u.

Hygienists, Hygienic Guide Sevies, April 1966 (Guide)

HEM-98-73-62 (HPI)

S. Dept. Interior, Bu Mines Bulletin 650, "Mineral Facts and Problems,"
1970 (Bu Hines)

References for Specific UsesExposure
HMines

Patty,

HPI, Ru

Eu Mines, HPTI.
Bu Mines,
Bu Mines;

HPI,

K—-0 H

Bu Mines,
Bu Mines,

HPT,

K‘“O-r

I‘:"O >

Bu Mines,
Bu Mines,

SRT

HP L,
HPT,
5RI

I( - 0 ’
BRPIL,
SRI

HPI,
K=0,

K‘"Og
K_O.p

K~0Q,

SRI,

K ‘"'O »

E-0,

SRT

, BRI, K-0
SRT
SRI
SRI

HIoSH 12384 (Bozsin)
SRI

SRI

Emerican Conference of Governmental Industrial

169, NIOSH
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References for Specific Cdn%rol Methods

Ele, ILO, Guide, Patty, and duPont M5DS were the references used in
all the Specific Control Methods.

RESPIRATOR TARLE DOCUMENTATION

SUBSTANCE: Titanium diouide

D. 0. L. STARNDARD: 15 mgrsM3
Eyve Irritation Level: According to Grant, titanium dioxide Yis a white

pigment whiech 1s insoluble in water and very inert. It has been
introduded by tatooing inte the cornea of rabbhits and patients having
corneal scars, and has caused permanent white coloration but no irxxi-
tation.” For the purposes of this standard, therefore, titanium dioxide
is not treated as an eye irritant.

IDLH: Thexe is no evidence in the available toxicolegic¢al information that
exposure to a high cerdcentration of titanium dioxide would impede escape
within one-half hour. Fer the purposes of this standard, therefore,
on the basis of the protection facter afﬁoxded_hy each device. Iﬁ_is recogni
houever, that for seme substances for which there does not appear to
exist a conventration immedintely dangercus to life =wnd health, the
determination of allowable respiratory protection based on protection
factors may result in the selection of a cencentration which is not
likely to bée encountergd in the odcupational environment. Therefore,
for all such particulate substances it has been arbitrarily determined
that onhly those respirators allowed foxr use above IPLH concentrations
are permitted for use in concentrations exceeding 500 times the permissihle
exposure. ) )
O0ther Toxicelegical Infeoermation: The ATLHA Bygieni¢ Guides state that the

permissible egposure limit of 15 mgsM3 "is based on_ifs (titanium
dioxide's) nuisance dust propensities and bears no direct relation-

ship to tomicity . . . (The shoxrt éxposuré tolerance is) unkroun For
man., Titanium dionide was Found to be essentially inext physiolegically
in animal studies by ingestion, inhalatien and subcutaneocus injection.
(The) atmospheric concentration immediately hazardous to Llife (is)
virtually unattainable. . . BSlight fibrosis has been zeported in

human lungs from the industrial exposure to titanium dioxide pigment,
hut disabling injury was not caused.”
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USE/EXPOSURE AND COHTROIL DOCYUMENT

TITANIUM DIOXIDE
Principal Route
of Entzy

Use/Exposuxre
Inhalation of dust and
skin contact with solid
during mining, purifica-
tion, packaging, and
distribution

Inhalation of dust and
skin c¢ontaet with selid
during use as a pigment

‘in the manufacture of
paints, varnishes, and

lacquers (imparts whiteness,

opacity, and brightness)

Inhalation of dust and
skin contact with solid
during use in manufacture
of paper (used in coatings
and £illers to improve
opacity, brightness, and
rrinting paper, photo-
graphic papexrs, paper
packapging and celleophane
doatings)

Inhalation of dust and skin
centact with solid during

use in manufacture of

plastics: blouw-molded
plastic containers (bleach
hottles)d; in polvethylens,
polyvinyl chlorida, poly-

styrene, polyolefin, and

ABS as a white pigment

Inhalation of dust and
skin ¢ontact with seolid
during uge in manufadiure
of elastomers (natural
and synthetic rubber

used for tire sidewalils,
footuear, floor mats=,
gloves, rainwear, wall
coverings)

Inhkalation &f dust and
skin contact with solid
during use in manufacture

A

Cuxrently Used

Control Mathods
General d¢ilution wventila-
tien; personal pxntective
egquipment {gloves, goggles,
respiratory protective
devices)

General dilution wentila-
tion: dpexsonal protective
eguipment LQIOVES, goggles,
respiratory protective
devices)

General dilution ventila-
tien; personal protective
egquipment (gloves, goggles,
respiratory protective
devices?

General dilution ventila-—
tion; pexrsonal protective
equipment (gloves; goggles s
respiratory protective
devigces)

General dilution ventila-
tion; personal protective
equipment (gloves, tioggles,
respiratory protectiveé
devicesg)

General dilution ventila-
tion; parsbnal protQCtive
eguipment (gloves, gogngS}
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of ceramics and glass
(¢eramic capacitexs and

electromechanical trans-

ducers, weiding*rod

goatings, and glass
fihers)

Inkalation of dust and
skin contact with solid

during use in manufacture

of floor coverings (vinyl
ashestos tiles and
sheets)

Inhalation of dust and

skin contact with solid
during use in manufacture

of printing inks (flexo-
graphic, gravure. and

letter press inks; vackaging,
pulilication, offset, and
s¢xreen process inks)

Inhalation of dust and

skin contact with solid
during use in manufacture

of coated fabxrics and
téxtiles (natural and
artifiecial leather, oildloth,
upholstery materials, wall
coverings; as a delustrant
for acrylic, nylon, and
spandex fibers) '

Inhalation of dust and
skin comtact with solid
during use for manufacture
of building matexials
{roofing granules, ceiling
tiles, cement curing aids,
titanium carbide cutting
tools)

Inhalaticon of dust and

skin contact with so0lid
during use For manufacture
of cosmetics, food color
additives, and synthetic
diamonds (face c¢reams and
powders, dental wages and
impression compounds, socaps,
shoe polish)

respiratory protective
devices)

General dilution ventila-
tion; personal protective
equipment (gloves, goggles,
respiratory protective
devicassd

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

General dilution ventila-
tion; personal protective
equipment (gloves, goggles,
respiratory protéctive
devices)

General dilution ventila-
tien; personal protective
equipment (gloves, goggles.
respiratory vrotective
devices)

General dilution ventila-
tien; personal protective
equipment (gloves, goggles.,
respiratory protective
devices)
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A —— TInhalation

B —— BKin and eye contuct resulting in
localized irritation

¢ —— Thyestion

D -- SKin contact resulting in

absorption and subseguent
systemic poeisoning



i

i

1,094 CARDS RERD

0 SYSOUT PREINT RECORDS

0 SYSOUT PUNCH RECORDS

0.00 MINUTES EXECUTION TIME



il

3 3 3%
MK
¥ 3 3¢
¥ 3 ¥
3 % X%
EE 3
X35
A K
HH ¥
¥R
33
¥
b33
HH ¥
XHK
H
EE 2
2.3
33
MK
¥AuH
HHH
3%
¥ 363
bR
K
MK
¥ %K
3
EEE
HHH
¥
¥ X
3%
33
3 3 %
¥ 3 3%
HHH
HH K
¥
33636
b33
A
3%
HH ¥
3K
33K
¥R
b33
MK
=%
¥ 26 ¥
HAHH
33 %
3% ¥
33 %
w3
—XX*
KUK

JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2Z
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2
JES2

NJE
NJE
NJE
NJE
HJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
HJE
NJE
NJE
NJE
NJE
NJE
NJE
HJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
NJE
HJE

HA¥
¥AX
A
XA
A%
%A K
¥ AN
X A%
M AN
%A%
XA%
%A
KA%
% A
AR
¥ A
KA
A
%A
%A%
%A%
¥AX
* A%
¥ A%
A%
XA¥
XA¥
% AN
XA¥
¥A%
HAK
XA¥
¥A¥
¥A%
XA
XA¥
%A%
¥ AN
¥ AN
%A X
X A%
AKX
XAX
% AN
AN
* A%
KA
KA K
* A
* A
H¥AK
%A%
®A%
® A%
A%
¥ A
¥ AN
HAR
¥A%

DXGMITS
DXGMITS
DXGMITS
DXGMITS
DXGMITS
DXGMITS
DXGMITS

DXGMITS
DXGMITS
DXGMITS
DXGMITS
DXGMITS
DXGMITS
DXGMITS

0SH
0SH
0SH
0SH
0SH
0SH
0SH

*
* ¥
¥
3 3
* 3
3% %
X ¥
H ¥
®H

JOB
JOB
JOB
JOB
JOB
JOB
JOB

*
¥ ¥
#¢
¥
¥
*
% %
¥ %
¥ ¥

2119 END
2119 END
2119 END
2119 END
2119 END
2119 END
2119 END
¥
¥* 3%
%%
¥ %
3%
¥
33
%%
*3
¥ ¥
33
%%
%% ¥ %
%3¢ ¥ 3 % %
*¥% EE I £
S ¥ ¥ 3%
%%
* 3%
3%
¥* %
%*

PRINTERS
PRINTERS
PRINTER8
PRINTERS
PRINTERS
PRINTERS
PRINTERS

¥ K
KX ¥
H¥
* ¥
3 3%
¥ KN
LI S I
¥ % *x
¥ ¥ * %
* #¥
HH
¥* ¥
* ¢
¥ ¥
3%
* 3
¥ ¥
¥ ¥
*x
* %
¥ K
¥ M
K ¥ KX
% 3
%
¥ ¥
%3
* ¥
EE
X
3
%3 3 ¥
* % X ¥

HHXNMMARMMNE MMM HRMHNNNN ¥X
HMMMNMMMMM MM MR R AUNMMHUANE KX

KK

MITS-PERIF-0513
MITS-PERIF-0513
MITS-PERIF-0513
MITS-PERIF-0513
MITS-PERIF-0513
MITS-PERIF-0513
MITS-PERIF-0513

E
%
¥ %
H¥
%%
3 3
K ¥
3 ¥ %3
¥ ®H
¥ ¥ H ¥
»¥ ¥ ¥
¥ 3 ¥ ¥
%3 M
¥ 3 %
H ¥ H¥
3 3 *
¥
%
# ¥
*
¥* 3%
HHH
% 3¢
H¥
* X
¥
¥
* ¥
¥ ¥
%3
¥ %
* ¥

*
H ¥
X ¥
H¥
3 3
%
*
%%
¥ 3

D WD D D D D D

¥*

¥ 3
3 ¥

.26
.26,
.26.
.26
.26,
.26.
.26.

X

¥
¥

%M
M

.10

10
10

.10

10
10
10

3 3
HH

26 36 36 36 56 36 D6 36 D6 36 26 26 36 96 26 36 26 26 2 3 M M
FHPEN MMM MMM N MMM MMM N KN HH

3636 33 33 326 36 36 36 6 36 30 36 26 36 36 36 36 36 30 36 36 36 36 36 36 36 36 36 34 303 33 36 3 3 20303 36 3 0 3030 3 20 3 36 I3 I I I MMM H K
3636 3 36 36 D6 3 3 36 € 5 3 56 36 3626 36 36 38 I 96 I 2 6266 JE 225 26 M MM MMM MM MMM MMM MM MM MMM MMM MM UMM NN

0SH
OSH
0SH
0SH
0SH
0SH
0SH

JOB
JoB
JOB
JOB
JOB
JOB
JOB

2119
2119
2119
2119
2119
2119
2119

END
END
END
END
END
END
END

PRINTERS
PRINTERS
PRINTERS
PRINTERS
PRINTERS
PRINTERS
PRINTERS

MITS-PERIF-0513
MITS-PERIF-0513
MITS-PERIF-0513
MITS-PERIF-0513
MITS-PERIF-0513
MLTS=FERIF=0513
MITS-PERIF-0513

DN WO WD D WD WD

.26.
.26.
.26 .
v bl
+26.,
.26.
e

10
10
10
10
10
10
10



