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The bhasic +text of +this document c¢ontains the draft technical standard
approved by the Joint Review Committee of the NIOSH/CSHA Standards
Complation Program and the supporting docuwsntatien £for the substance
MOLYBDENUM INSOLUBRLE COMPOQUHDS.

The SCP draft technical standards are recommendations te the Department of
Labor Ffor dits coénsideration in rulemaking and have ne legal status until
final rules have bheen promulgated by that agency. This draft standard is
provided for your information only. ' '

The References and Sources, Respirator Tahle Documentation and Use/Exposure
and Contrel Documentation are the working doecuments used by the various SCP
working groups during the development of the draft tethnigal standard and
serve as the technical Foundation for the standaxrd. The classification fox
each substancée and +the regulatory statements were derived following a
decision logic established for the various sectiens of the standard.
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~ (a) Definitions. (1) "Permissible exXposSure” means edposure of ewmploveas
to airborne conceéntrations of wmolybdenum and insoluble gompounds (as
molybdenum) not in excess of 15 milligrams per cubic meter (mg/HM3) averaged

ever an eight~hour work shift (time weighted average), as stated in &
1910.1000, Tahle Z-1. }
(2) "Aetion level”™ means one half of ‘the permissible exposure for

molybdenum and insoluble compounds.

(k) Expeosure_ _determination and measurement. (1) Each employer who has a
Flace of emplayment in whieh molylbdenum o¥ insoluble. compounds aré released
into the workplace air shall deterxmine if any enmployee may he exposed to
airborne con¢entrations of molybdenum and insceluble compeunds at or above
the action level. The determination shall be made each time there is a
¢hange in production, process, or control measures whlch ¢ould result in an
increase in airborne concentxatlons of molybdenum and insoluble compounds.

(2) A written record of the determination shall be made and shall contain
at least the following information:

{1} Any information, obhgervations, oz calculations which may indicate
employee exposure to molybdenum or insolible compounds ;.

{ii} Any measuremernts of melybdenum ox insoluble compounds taken;

¢iii) BAny employee complaints of symptoms which may be attrzibutable to
exposure to molyhdenum ox 1nsoluhle compounds; and

(iv) Date of determ;natlon, work being performed at the time, lLocation
within woxrk site, mname, and social security number of each enplceyee
considered. _ '

(3) If the employer determines +that any employee may be exposed to
molybhdenum and insoluble compounds at oxr above the action level, the
exposure ot the employee in each work operation who is believed to have the
greatest exposure shall be measured. The exposure measurement shall be
tepresentative of the maximum eight-hour time meighted average exposure of
the emplovee.

{(4) TI£ +the -exposure measurement taken pursuant to paragraph (L) (3) of
this sec¢tion reveals employee -exposure to molybdenum and inseluble
compounds at or above the action level, the employer shall:

(i) Tdentify all émployees who may be exposed at or above the aection
level; and

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

(5) ITf an enployee eRposure measurement reveals that an employee is
exposed to molybdenum and insoluble <ompounds at o above the adtion level,
but not above the permissible exposure, the exposure of that employee shall
hbe measured at least every tuwo months. '

(6) TI£ an emnployee exposure: wmeasurement xreveals that an employees is
exposed to molybdenumn and insoluhle compounds above the permissible
erposure, the employer shalls

i) Measure the exposure monthly of the employee so exposed; and

(iiy Institute ceéntrol measures as reguired by paragraph (d) of this
section; and

—  iiil Individually negtify, in writing, within Ffive days, every emplovee
who is found to be exposed to molybdénum and insolublé dompounds above the
permissihle eHposure, The employee shall also be notified of the
corrective action bheing talken to reduce the exposure to at ox bhelow the
permissible exposure.
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(7) TIf two consecutive employee exposure measurements taken at least one
week apart reveal that the employee is exposed to molylbdenum and insocluble
compeunds helow the action level, the employer may texrminate measurement
for the employees.

(8) For purposes of this paragraph. employee euposure is that which would
oceur if the employee were not using a raspirator.

(¢) HMethods of measurement. (1) An employee's exposure shall he obtained
by any combination of long texm or short term samples whieh represents the
employee'’s actual enposure averaged over an eight-hour work shift {See
Appendizx B (IV) of this secticenl.

(2) The method o¢f measurement shall have an accuracy, to a confidence
level of 95 pexcent, of not less than that given in Table 1.

b
-

Table 1
Concentration Reguired Accuracy
Above permissible exposure + 25%
At or below permissible exposure
and above the action level + 35%
At or balow the action level o + 50% _
(d) Compliance. (1) He employee shall be exposed %o molybdenum and

insoluble compounds above the permissible exposure ag defined in paragraph
(a)(1) of this section. '

(2) Employee exposures ¢ airborne concentrations of molybdenum and
insoluble compounds shall be controlled to at or below +the permissible
exposure by engineexing and work practice controls:

(i) Engineering and work practice controls shall be instituted to zeduce

exposures to at ¢r below the permissible exposure, except +to the extent
that such controls are not technlcally feasible. ‘
(ii) Wherever engineering and work practice controls are not sufficient

to reduce exposures to at ox below the permissible ekposure., they shall
nonetheless be <used to zxeduce exposure to the lowest level feasible and
shall be supplemented by respirators in accordance with paragraph (d4)(4) of
this section. ' _

{3) Engineering controls. (i) When mechanical ventilation is used to
control exposure, measurements which demonstrate system effeétiveness, for
example, a&ixr veloeoity, static pressure, or air volume, shall be made at
least every three months. 1!easureménts of system effectiveness shall also
be made within five days of any change ‘in productien, proé¢ess, oxr contxol
—Which might result in an inc¢rease in airborne concentrations of ‘molyhdenum
and insoluble compounds.

{(ii) Open surface tank operations shall he performed in accordance with
$1810.9450d47.
ty) Compliance with the permissible expvosuré shall not be achieved by

the use of regpirators exrcept:
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(i) During the time period necessary to install ox implement engineering
or Worlk practice controls; ox

{iil In woxrk situations in which engineering and work practice controls
are technically not feasible; or
(444 To supplement engineering and work practice teontrols when such

controls fail to reduce airboerne concentrations of melybdenum and insoluble
compounds to at or below the permissible erposure; or

{iv) Foxr operations which rxeguire entry into tanks ox closed vessels; or

(¢) In emergencies,

(5) Where zrespirators are nesgded and permiitted undex this paragraph té
reduce employes expbdsure, the employer shall select and provide the
appropriate respirator from Table 2 and shall ensuré that thée employee uses
the respirator provided.

TRBLE 2 RESPIRATORY PROTECTION FOR HOLYBDENUH RND IHSOLUBLE CONPOUNDS

Dust ox. Mist Concentration

75 mgrsM3 or less Any dust and mist respirator except single use.

150 mgs/M3 or less Any dust and mist rxespirator, except single-use or guarter
mazk respirator.

Dust, Mist ox Fume.
Concentration

150 wgsM3 or lass Any fume xespirator or high efficiency particulate filter
respirator.
Any supplied-air respirator.

Any self-contained breathing apparatus.

750 mgs/M3 ox A high efficiency particulate filter respirator with a
less full facepiece.
‘Any supplied-air respvizratozr with a £full facepiece, helmet
or hood.

Rny self contalned hreathlng appaxatus m1th a iull fage-

piece.
7,500 mg/M3 A powered air-purifying respirator with a high efficiency
or less particulate £ilter.

A Type C supplied—air respirator operated in pressure -
demand oxr other positive pressure or continuous—-flow mode.
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Greatexr than Self-contained bhreathing apparatus with a full Ffacepiece
7,500 mg/M3 or oparated in pressure-demand or other positive pressure
entry and mode .

escape Trom = e e e e e s e m s e e e e e s e e e e e — = = —
unknown 4 combination respirator which ineludés a Type C supplied
cencentrations air respirator with a full facepiece cperated in pressiure

demand or other positive pressure oxr continuous-flouw mode
and an auxiliary self-contained breathing apparatus

operated in preszure-demand or other positive pressure mo
Fire Fighting Self~contained breathing apparatus with a full Ffacepiece
cperated in pressure—-demand ox other positive pressure
mode .
(6) Respiraters shall be approved by the Mining Enforcement and Safety

Administration (formerly Bureau of Mines) or hy the National Institute forx
Occupational Safety and Heslth under the provisions of 30 CFR Part 11.

73 The enployer shall dnstituts a respizxatory prote¢tion program in
accordance with $ 1910.134(h), (d), (e), and (£).
(el Fire and safety. (1) The &mployer shall familiarize himself with

the information dontained in the Substance Technical Guidelines (Appendixg B
of this section) foxr melybdanum and insoluble compounds.

(2y For the purpose of compliance with $31910.309, locations c¢lassified
as hazardous locations due to the presence of molybdenum disulfide and
molyhdenum be Class IT, Group E. ' B

{3) For the purpose of compliance with $ 1910.157, molybdenum disulfide
and molybdenum dare glassified as Class D £ire hazarxds, exgept that
$1910.157(b)£2)¢(v) shall net apply.

‘4) For the purpose of compliande with % 1910.178, locations classified
as hazgardous locations due to the presence of melybdenum disulfide and
molybdenum shall he Class IL, Group E.

- (5) Sources of ignition such as smoking or open flames are prohibited
where molyhdenum and insoluble compounds present =a fire or explosion
hazaxd. _ _

(6) Molybhdenum disulfide and melybdenum shall he stored s6¢ as not to
come in cortact with strong onidizers. ’

(f) Reserved. : .

(g) 5pills _and dispesal. In the event that molybdenum and insoluble
compounds are spilled the empleyer shall immediately provide .availabhle
ventilation and then c¢lean up the spill.

{(h} Sanitation. (13 Ewmployers shall ensure that employees do net eat
or smele in areas where solids dontaining molybdenum or insoluhbhle compeounts
of molybdenum are handlied, processed or stored.

{29  Emplovers shall ensure that emploeyees who handle solids or liquids
containing inscluble compounds of molybdenum wash their hands +thoroughly
with soap or mild detergent and water before eating ox smoKing.

(1) Training and infermation. (1) Each employexr who has a workplace in
which molybdenum and insoluble compounds are present shall Reep a copy of
this regulation with Appendixnes A, B and € .at the workplace. This material
shall be made readily available %o affected ewmpnloyees.

de.
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(2) Each employer who has employees exposed to wolybdenum and insoluble
dompounds above the agtion level or emplovess whe work iwhere molybdenum and
insoluble compounds préasent a fire or explosion hazard, shall annually:

i) Inform affected employees of the information contained in the
Substance Safety Data Sheet For molybdenum and insoluble compountds
(Rppendix A of this section);

(4idi)d Advise affected employees as to the signs and symptoms of exposure
to molybdenum inscoluble compounds.

(iidi) Instruct affected employeses +to advise the employer of the

development of signs and symptoms of exposure to molybdenum and insoluble
compounds which are listed in Appendix 3 of the section;

{iv) Instruct affected employees to inforim the éempléyer if they develop
any of the medieal conditions listed in paragrabh (j)(2} of this section;
and

(v} Freovide training to ensure that employvees understand the precautions
of safe use, emergency procedures, and the corzeet use of protective
egquipment ralative to wmolybdenum and insoluhle.compoundsw

(j) Medical surveillisnce. (1) The emploéyer shall provide medical
ptocedures as required by this paragraph. ALl medical procddures shall he
performed hy oxr under the supervision of a physician at no cost to the
employee.

(2) The employer shall obtain from each employee who is exposed; or will
he exposed, to melybdenum or insoluble compounds or airborne concentrations
of molybdenum oxr insoluble compounds at or above +the action level
information as to¢ whether such éemployee has a histexry of any eof the
follouwing wmedical ¢onditions:

(i) Kidney disease

{ii) Liver disease

{iii) Chroeniic lung disease

(3) The eimpleyer shall provide a Medical ezamination f#or the employee if:

(1) The employee provides a history of any of the medical conditions
listed in paragraph (3j)(2) of this section; oxr

(ii) The employsé inforwms the employer of the development of any of the
mediecal conditions listed in paragrapl (j3(2) of this section or any of the
signs or symptens of exposure to molybhdenum or insoluble compounds which
are tisted in Appendix A whié¢h the employee suspects are caused by exposure
to molybdenum and insoluble compounds.

(4) The emplover shall provide tp the examining physician the following
information:

{1} A gopy of this regulation with Appendimes A, B and ¢ for molyhdenumnm
and insoluble compounds;

¢ii) A  description of the affected emplovee's duties as they relate to
his expesure to molybdenum and insoluble compounds;

(iiil) A des¢ription of any personal protective equipment and respirators
required to be used; '

{iv) The results of any measurements which may indicate the affected
emplovee's eXposure;

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

(vi) Upon reguest of tThe physician, any available information from
previous medidal examinations of the affected emplovee.

- (5) Where a wedical examination is regquired by paradraph (j¥C3) of this
section, following such exawmination the employer shall obtain a uwritten
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opinien ZFrom the examining physician which conforms with pakragraph (jlI(6}
of this sedtion. '

(6)(i) The physician's written opinien shall be a signed statement by the
examining physician speCiiicﬁlly stating: (RY Whether the emplovee has any
detected medical condition which would place the amployee at increased risk

of materlal impairment of the employee's health Ffrom expesure to.molybdenum

and insoluble compounds or would directly or indixectly aggravate any
detected medical condition;

£EB) Any. regommended limitations wupon the employvee's exposure to
melybdenum and insoluble d¢onpounds ineluding llmltatlons upen the use of
personal protective eguipment and respirators;

(€} That the employée has been informed by the physician of any detected
medical conditions which reguire ZFfurther medical examination ox ‘treatment.

(ii) The physician's written opinion shall not reveal specific medical
findings oxr diagnoses unxelated to exposure +to melybdenum and insoluble
compounds. _

€iidi) The employer shadll providé the employvee with a copy of the
physician's writien opinion.

(7) Ho employee shall he exposed to molybhderium and insoluble compounds or
aixhorne concentrations of molybkdenum and insoluble compounds in such a way
as would ‘put the employee at increased risk of material impairment of his

‘health frxom such exposure. This determination may he bhased on the

pitysician's written opinion.

(8) The employer shall provide emexgency and follow~up medigal
examinations and tredtment for any emplovee injured through eupodsure to
molybdenum and insoluble compounds.

(9} If an employee reftuses any regquired medigal examination, the emplover
shall inform the employee of +the possible health <consequences of such
refusal and obtain a signed statement from the employee indicating that the
employee understands the risk involved by refusal to be examined.

(10) No medical procedure which would be performed pursuant to this
section neef be perxrformed if records of a previous such procedure performed
within the past six menths are acceptable to the examining physician.

(k) Recordkeepinitr. (1) Exposure determination. (i) The employer shall
keep an acourate record of all determinations regquired to bhe made pursuant
to paragraph (h)(1) of this section.

(ii) This xecord shall include +the written determination reguized in
paragraph (B)(2) of this section.

(1ii) This zrecord shall be maintained until replaced by a more raecent
record.

(2} Exposure measurements. (i) The employexr shall keep an accurate
record of all measurements taken to determine employee exposure to
molybdenum and insoluble compounds. ' '

(i1} This record shall include

{1} The date of neasurement;

{B) <Operations invelving exposure to molybdenum and insoluble compounds

_Wwhich are bheinyg monitored;

1

(€)Y Sampling and analyvtical methoeds used and evideneée of their accuracy,
including the method, zxresults and date of c¢alibratien of sampling
equipment; ' '

(DY Huwmber, duratioen, and resiults of samples takan; and

{E) Mame, soc¢ial secuxity number and expesure of the employee monitored.
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(Lii? This record shall be maintained until replaced by a more recent
régord but in no event for Iess than one vear. '

(3) Hechanigal ventilation. (i) When wechanical ventilation is used as
an engineering contrel, the employer shall maintain an ac¢eurate record of
the measurements demonstrating the effectiveness of such ventilation
required by paragraph (d)(3) of this section.

(ii) This record shall include:

(R) Date of measurement;

(B) Type of measurement taken;

(C) Result of measureméent.

(1ii) These records shall be maintained for at least cne year.

(4) Emplovee, training and information. (i) The empleyer shall keep an
accurate recoxrd of all employee training and information required by
raragraph (i) of this section.

(ii) This record shall include:

(A) Date ¢f training;

(B) Mame and social security number of employee trained;

(C) Content or scope of training provided.

(iii)} This =record shall be maintained until xzeplaced by a more recent
redcord.

(5) Hedical surveillange. {i) The employer shall keep an accurate

record of employee medical surveillance reguired by paragraph (i) of +this
section.

(ii) This zecord shall include:

{R) Information cencerning medical conditions obtained from the employeea
pursuant te paragraph (j)(2) of this segtion:

{B)Y Any enployee medical complaints relative to exposure to molyhdenunm
and inseoluble compounds;

{C) A copy of information provided to the physician pursuant to varagraph
(3)(4)(11), ¢4iid), {dv), (v}), and (vi) of this segtion.

(D) Physician's written opinion;: and

(E}Y R signed statement of any refusal to he examined.

(iii) This zTecoxd shall be maintained £or the duration and for one year
after termination of the employment of the affected employee.

(6) BAcdgcess to retords., (i} All records required to be maintained by
this section shall bz made available upon reguest to authorized
representatives of the Assistant Secretary of Labor for Occuvational Safety
and Health and the Directoxr of the HNational Institute +Ffor Oecupational
Safety and Health. '

(ii) Employee exposure determination and erposure tmeasurement records
regquired to be maintained by this section shall be made available to
emplovees and former employees antd their de313nated represantatives.

{(i1i) Employee medical records reguired to be maintained by this section
shall he made available upon written request to a physician designated by
the employee ox former employee. :

(1) Employee observation _of meagurement. (1) The employer shall give

—affected employees or their representativés an opportunity *to ohsérve any

measurement of employee exnpesure to .molybdenur and insoluble compotunds

whith is conducted puxsudant to this section.

——y
-

(2) When ‘observation of measurement of employee exposure to molybdenuwm
and insoluble compolnds xequlxes entry into an -area where the use of
rersonal protectlve devices, .idincluding respirators, is reguired, the



-

-

NIOSH/OSHA Draft Technical Standard
and Suppoertihg Documéntation for MOLYBRDEMNUM INSOLUBLE COMPOUNDS

ohsexrver shall be provided with and required %o use such equipment and
comply with all other applié¢able safety procedures, _

(3) Without interfering with the measurement, ochservers shall be entitled
to:

(i) Receive an ewplanation of the measurement procedure.

{ii) Visually observe all steps related to +the measurement oFf the
airboxne-concentration of molygbdenum and insoluble compounds that are being
pexformed at the place of a2xposure; and

{iii) Record the results obtained.

NOTE: The information contained in the following appendixes is advisoxy
in nature and 1s not intended, by itself, to create any additional
obkligations mnot otherwise imposed or detract £rom any exlsting obligation.

APPENDIX &

SUBSTAMCE SAFETY DRETR SHEET
FOR NOLYBDEHUM'AHD'IHSOLUBLE COMPOUMNDS
I. SUBSTANCE IDENTIFICATION _

A. Substance: Holyhdenum and insoluble gompounids

B. Permissible Exposure: 15 milligrams of molyhdenum and
insoluble compounds (as melyhdenum) per cubid meter of aix
(mgsM3) averaged over an eight-hour woxrk shift.

c. Appearanéte and 0Odor: Molyhdenite: Silvery white metal or
gray-black powder; molybdenum disulfide: shiny JEay ,
odeorless plates; lead molyhdate: Coloxless to pale yellou,
odorless solid

IT. HEALTH HBRZARD DATA

R, Ways in which the c¢heémical affects your bedy: Molwhdenum and
insoluble compounds can affect. your hody if you inhale them
or if they come in contact with your eyes. They may also
affect your body if you swallow them.

B. Effects of Overaxposure:

1. Exposure: Molyhdenum trioxide has caused irritation of
the eves, nose and throat, wsight loss and digestive
disturhances in animals.

Long-term Exposure! Mot kricwn.

3. Reporting Signg and Symptoms: You should inform your
employer ‘if you develop any signs or symptoms and
suspect that they are caused by exposure to molybdenun
and insoluble compounds. '

ITI. EMERGENCY FIRST AID FROCEDURES

[~
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Breathing: TE£ vou or any other person bhredthes in large
amounts of molybhdenum or insoluble ceompounds Tmove the eéxposed
rersen to Zfresh air at once. T£ hredathing has stopped;
perform artificial resplratlon Keep +the affected person
warm and at rest, Get medical attention as soon as possible.
Swallowlng When molybdenum and 1nsqluble compounds have
been swallowed, give the person large guantities oFf water
immediately. Aftexr the water has beesn swalloumed, try to get
the person to vomit by having him touch the back of his
threat wiih his finger. Do net make ah uneconscious person
vomit. Get medical attention immediately,

Regscue: Move affechted person fxrom the hazardous exposure.
If the exposed person has-been ovarcome, notify someons else
and put into effect the established emergency zrescue
procedures. Do not become a casualty vourself. Understand
YOoUur emergency rTeseue pxocedures-and know the locations of
the equipment before the need arises.

RESPIRRTORS AND PROTECTIVE CLOTHING

A .

B.

c.

Respirators: Respirators are not the best way to control
eRposure to 1nsoluble moiybdenum compounds. You can only Dbe
required to wear them for routine use if your employer is in

the procvess of installing gontrels ox control measurss prove

inadeguate. You may be required to wear respiratoers for non-
routine activities ox in energencies. If respirators are
WOYM, they must have a Mining Enforcement and Safety

Administratien (MNESA) or MHational Institute for ©Qc¢coupational

Safety and Health (NIOSH) approval label. (0ldex respirators
may have a Bureau of Mines approval Jlabel.) TFor effective

protection, respiraters must £it youxr face and head snugly.
Respirators Shquld_ net he loosened or removed In uwork
situations whexe there use is required. If you enperience
difficulty hreathing while wWearing a réspirator, tell your
employer.

Protective Qlothing: HNone reguired.

Eve Protedction: Hone required.

PRECAUTIONS FOR SAFE USE, BANDLING AND STORAGE

h.

B.

Molybdenum disulfide and melybdenum are combustible selids
and.their dusts can form explosive mixtures mith aix.

Holybdenum disulfide and molybdenum must he stored in tightly
closed container¥s in a cool, well ventilated area away from

strong oxidizérs.
‘Seurces of dgnition such as smokRing and open flames are

prohibited wherever molybdenum disulfide and molybdenum are
handled, used ox stoxed in a manner that could create a

potential fire or explosion hazard.

You must not eat oxr smoke in areas whexre molybdenum and
insoluble compounds are handled, processed ox stored.

If you handle s6lids oz ligquids containing molybdenum oz
inseluble compounds, you must wash your hands thoroughly with
soap or mild detergent and water before eating or smolking.
Fire extinguishers, where piovided, must be readily available
and you should know where they are and'hom to operate them.
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ACCESS
A,

Ask vyour supervisor where insoluble molybdenum coimpountds are
used in your tork area and for any additional safety and
health rules.

TO INFORMATION

Fach year <vyouxr employexr 15 reguired %o inform vou of the
infermation contained in this Substance Safety Data Sheat for
molybdenum. and insoluble compounds. In addition, youzr
employer must instruct you in the safe use of molybdenum and
insoluble compounds, emergency procedures, and the ¢orrxect
use of protective eguipment,

Your employer is required to detexrmine whether vou are being
exposed to molyvbdenum and insoluble compounds. Yeu or your

representative have the right to obsarve employee exposure

measurements and to regord the results obtained. If vyour

employer determines tliat you are being overeuposed, he is

quu1zed to inform you of the ewxposure and of +the actions
uhlch are helng taken te reduce your exposure.
Your enployer is reguired to keep <recoxrds of exposure

determinations, exposure measuremants, and medical
surveillance . Your ‘empleyéxr is regquired to make recoxds of
enpeosure determinations and your EEpOSULe measurements

available to you or your representative upon your reguest.
Your employer is required to release your medical records to
vour physician upon your written reguest.

APPEKDIY B

_ SUBSTANCE TECHNICAL GUIDELIMES
FOR MOLYBDEXNUM AND INSOLURLE COMPOUNDS

listed below for which substance specific information has been provided.)
PHYSICAT AND CHEMICAL DATR (Metallic Holybhdenum)

I

AL

Suhstance Identification

1. Synonyms: Hone
2. Fermular Mo _
3. Nolecular weight: o5.94

Physical Data

1. Boiling Point: 5,560 ¢ (10,040 F)

2. Specific gravity (water = 1}: 10.2%

3. Vapor density: HNot applicable

b, Melting point: 2,610 ¢ (4,730 F)

5. Vapor pressure: Essentially =zero

6. Selubility in water: Insoluble

7. Evaporation rate (butyl ‘acetate = 1)Y: MNot applicable

8. Appearance and odorx: Silvery white metal or grayv~black
rouder.
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II. PHYSLCAL AND CHEMICAL DATA (Molybdenum disulfide)

A,

Substance Identification

1. Synonyms: Molybdenite

2. Formula: oS82

3, Molecvular weight: 160,71

Physical Data.

1. Boiling point (760 mm Hg): Oxidizes abhove 315 ¢ (599 F)
2. Specific gravity (water = 13}: 4.7

3. Vapor density fair = 1 at boiling point of

molybdenite): Mot applicadble

u, Melting point: 1370 € (2498 F) (oxidizes above 315 € (599
5. Vapor pressure at 20 C (68 F): Essentially =zero

6. Solubility in water, ¥ by weight at 20 ¢ (68 F): Insoluble
7. Evaporation rate (butyl acgetate = 1) Not applicable

g, Appearance and cdor: Shiny uray, odorless plates

IIX. PHYSICAL AND CHEMICAL DATA (Leagd Molybdate)

A.

Iv, FIRE,
A.

&ubstance Identiftication

1. Synonyms: Sulfenite

2. Formula: PhMoQl

3. Molecular weight: 367.1

Physical Data

1. Boiling point (760 mm Hg): Decomposes

2. Specific gravity (watexr = 1): 6.8 _

3, Vapor density (air = 1 at hoiling point of

lead molybdate): Net applicable

b, Melting peoint: 1065 € (1950 F)

5. Vapor pressure at 20 € (68 F): Essentially Zero _

6. Solubility in watex, % by weight at 20 € (68 Fl: 0.0008712

7. Evaporation rafe-(hutyl.acetate = 13: Net spplicable

8. Appearance and odor: Colorless to pale yellow, odorless
s0lid

EXPLOSION AND REECTIVITY HAZARD DATA (Molyhdenim and insolubhle go

Fire

. Flash point: XNot arvplicable

2. Minimum ignitien temperature: 360 € (680 F) (molybdenum
- layex); 720 C (1328 F) (molyhdenum - cloud); 290 ¢
(554 F) {(molybdenite - layer);y 570 ¢ (1058 TF)
(inolybdenite ~ cloud¥ ‘

3. Minimum explosive concentration: Data not available

4. Extinguishing medias {(Molybdenum and mnolybdenumn
disulfide) - dry sand, dry dolomite, diy graphite

5, Svrecial Ffire- fighting prod¢edures: Do not use a solid
stream of water since a stream will scatter and spread
the fire. Use uwater spray to cool containers exposed to
a fire. B

6. Unusual <£ire and explosion hazards: Melybdenum and
molybdenum disulfide are combustihle solids. Theirx
dusts can form explosive mixtures ‘with air. ALX

ignition sources must be controlled where molybdernun and
molybdenum disulfide dis used, handled or stored in a
manner that could ¢reate a potential fire or ewplosion
hazard.
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7. For purposes of complying with 29 CFR 1910.30%, the
classification of hazardous locations as described in
Article 500 of the HNational Eleectrical Code For
molyhdenum and molybdenum disulfide shall be ¢lass II

Group E:

Reactivity

1. Conditions ¢ontributing to instability: MNone

2. Incompatibilites: Contact of finely divided molybdenite
with stronyg oxidizers may cause Ffires and éxplosions.

3. Hazardous decomposition products: Toxric gases and
vapoers (such as molybdenum oxide Zfume. sulfur dioxide
gas, c¢arbon monoxide) may bBe xeleased Wwhen insoluble
molybdenun ¢ompounds decompose.

Ly, Special precautions: HNene.

SPILL AND DISPOSAL PROCEDURES (Molybdenum and insoluble compounds)

A,

B.

c.

MONITORING AND MEASUREMENT PROCEDURES {(molybdenum and insoluble compoun

A.

If molyhdenum and inscoluble compounds are spilled, <the
following steps should be taken:
{. Ventilate area of spill.

2. Cellect spilled materisl in the most econvenient and safe

manner for reclamation, or for disposal in a secured
sanitary landfill. Liguid containing insoluble
molybdenum compounds should be absorbed in vermiculite,
dry sand, earth or a similar wmaterial.
Persons net wearing protective equipment should he restrlcted
from areas of gspills until cleanup has been completed.
Haste disposal methoeds: TMolybdenum and isoluble compeounds
may be disposed of in a secured sanitary landfill.

EXPOSURE ABOVE THE ACTION LEVEL: Measurements taken for the
purpose of determining employee exposure under +this section
are best talken such that the average 8-hour exposure may he
determlned from a single eight-hour sample ox two 4-hour

gamples. Several short time intexrval samples (up to 30
minutes) may also be used to determine the average exposure

level. Ail¥ samples should be +taken in the employpee's

breathing zone {air that would most nearly represent that

inhaled by +the enmnployeea). Sampling and analyses may be

performed by instruments such as detector tubes certified by

NITOSH undex 42 CFR part 84, portable direct-reading
instruments, dosimetexs; or hy colleetion of the particulates
using a high efficiency membrane £ilter with subksegquent

chemical analysés. The nethod of measurement must detéermineg

the concentration of insoluble molybdenum compounds to plus
or minus 35%.

EXFOSURE ABOVE THE PERMISSIBLE EXPOSURE: The monitoring and
measurements under this section should be essentially the
same @as described under paragraph IV. A. Laboratories
performing chemical analyses should be accredited in
Industrial Hygiene .Chemistry by the Ame¥ican Industrial
Hygiene Association. The methed of measurement must
detexmine the concentration o6f insoluble molybdenum compounds

to plus or minus 25%.
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c. METHODS: Methods meeting these atguracy requirements are
availalble from the Natioenal Technical Information Service, 1.
5. Department of Commerce, Springfield, Virginia 22161 under
the title "NIOSH Analytical Methods for Set 0" (0rder numher
KELEREEEEEDY .

D. QUALIFIED PERSONS: Since many of the duties relating to
employee protection are dependent on the results ak
monitoxing and measuring procedures, employers should assure
that the evaluation of emploves exposures is pexformed by a
competent industrial hygienist or othex technically qualified

rerson.
V. MISGCELLANEQUS PRECAUTIONS (molybdenum and insoluble compounds)
R. Stere insoluble molyhdenum compounds in tightly c¢losed
wontainers in a well ventilated aresa.
B. Employers should advise employees of all areas and operations
where exposure to molybdenum and dinsoluble compounds could
_ oCCux.,
VI. COMMON OPERATIONS _
Common operations in which exposure %o molybdénum and insoluble
compounds are likely to 6ggur are: During their production and

during the wetalluzrgy of molybdenum and its alloys; during the
mining of molybdenitée éxe; during the use of molpbdenum disulfide as
a lubricant, and as a catalyst in petroleum refining; during the
mining and subseguent  handlinyg of molybdenite, wulfenite, and
powellite; and during the use of lead molybdate dust in pigment
mixtures and as a reagent in analytical chemistry laboratories.

APPENDIX ¢ - MEDICAYL SURVEILLAHCE GUIDELINES

ROUTE OF ENTRY

Inhalation.

IT. TOXICOLOGY

Molybdenum and inseluble c¢ompounds, which include melybdenum disulfide,
caleium molyhdate, and many of the owxides and halides, have a louw
towicity; however, molybdenum +trioxide is an dirritant to the eyes and
mucous membranes. Guinea pigs repeatedly exposed to molybdenum trioxide
dust at & concentration of 200 my mwolybdenums/M3 for 1 hour daily
developed nasal irritation, diarrhea, weight 1loss, and incoordination.
In guinea pigs exposed te fume Ffrom arcing melyhdenum metal, there were
some deaths at 190 mgrsM3  but minimal effects at 53 wmgrsM3; autopsy
revealed bronchial and alwveclar irritation with moderate fatty changes in
the liver and kidneys. Animals receiving daily oxal deses of up to 500
mg wmolybdenum pexr day in the form of molybdenum trionxide ox calcium
molybdate shomeﬁ ano:exiaf'listlessness, and wéight less., The metaholism
of molybﬂenum is <¢losely associated with that of copper; molybdenum
toxicity to animals can be alleviated hy the administration of copper.
While molybdenun is essential fto the action of vertain ernzymes. higher
molybdenum levels may inhibit the action of these enzymes. High intake
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of molybhdenum in rats resulted in a substantial reduction in activity of
sulfide onidase in the liver. The reduced activiiy of this enzyme leads
to accumulatioen of sulfide in the tissues and subsegquent formation of
highly undisseciated copper sulfide, thus removing copper from metabelic
agtivity. This d4s a probable erplanation for the induction of copper
deficiency by molybdate. High dietary intake of wolybdenum has Dbeen
reported to be asgociated with a gout-like disesase asscciated with high
hblood uric =zcid.

ITY. SIGNS AND SYMPTOMS
None have been zreported in humans. By analogy to effects caused in

animals, there may be irxritation of +the eyes and xespiratory tracts
snorexia, diarrhea, weight loss; listlessness; liver and kidney damage.

Iv. SPECIAL TESTS

Hene in common usage.

V. TREATMENT .
‘Remove £rom exposure. Prompitly flush eyes with water and wash skin with
soap or mild detergent and water. If swallouwed #nd +the person iIs
consecious, indude vomiting. Givé artificdial resusgitation if indicated.

VE. SURVETLLANCE AND PREVENTIVE CONSIDERATIONS

A. ~GENERAL

Molyhdenun and insplnhle compounds have_.a low toxicity but
molybdenum trioxide in animals has caused irxritation of the eyes and
respiratoxry tract, diarrhesa: and wmuscular indoordination. It is

important that the phy5101an hecome familiar with plant opexating
conditions in which exposure to insoluble compounds of moltyhdenum
occur. Those with skin disease may mnot tolerate the wearing of
protective c¢lothing and those with chrenic respiratoxry disease may
not tolerate the wearing of negative pressure ¥espirators.

B. PREPLACEMENT

Routine  medical histories and physical examinations are not
reguired. However, the employer must screen emplevees for histoxy
of cexrtain medical conditions (listed below) which might place the
employee at ingreased risk £rom wmolybdenum and insoluble c¢ompounds
exposure, Only these giving a positive history of these c¢onditions
must he referrsd for further medical examinations.

1. Kidney disease -- TFume frem arcing molybdenum metal causes
kidney damage in animals. The importance of this organ in
the elimination of towxic ‘substances Justifies special

consideration in those with impaired renal function.
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2. Chronic .respiratory disease —-- Fume from arcing melybdenum
metal causes respiratory irritation in animals. In persons
with dimpaired pulmonary Function, especially those with
obstructive airway diseases, +the breathing of insoluble
compounds of molybdenum might cause exracerbation of symptoms
due to its irritant properties. '

3. Liver disease -—— Fume frem areing molvbdenum metal causes
liver damage in animals. The importance of this organ in the
hiotransformation and detoxification of foreign substances
should be considered before exposing persons wuith impaired
liver function.

c. PERIODIC EXAMINATIONS

Routine periodie¢ exnaminations are not required. However, if the
employer bevomes aware of an employee with +fhe above listed
conditions, he must zrefer such employee for Further medical
erxamination.

VIT. REFERENCES

1.  Amexican Confexence  of Governmental Industrial Hygienists:
"Molybdenum as Mo,” Documentation of the Thresheld Limit Values fox
Substances 4in Workroom Air (3d ed.; 2d printing), Cincinnati, 1974, pp.
173-174.

2. Hygienitc Guide Series: "Molybhdenum," American Industrial Hygiene
Association Jouzrnal, 21:102-103, 1260.

3. Patty, Frank 4&.: Endustrial Hygiene and Toxkicelogy, Vol. II -
TOxicology (2d ed. revised), Interscience Publishing Company, HNew York,
1963, pp. 11712-1118.

b, Browning, Ethel: Toxicity of Industrial Metals (2d ed.),
Rutterworths, Londeon, 1969, pp. 243~248.

5. International Labouxr Office: TEncyclopaedia of Occupational Health
and Safety, Vol. IX, L-Z, McGraw-Hill Book Company, New York, 197%; pp.
9211-912.

6. Halvexrson, A.W.s et al: "R TMechanism fox the Copper-Molybdenum

Interrelationship,"™ Journal of MNutrition, 71:95-100, 1960.

7. Kovalsky, V.V., et.al: "Changes in Purine Metabolism in Man and
Animals in Various Molyhdenum-Rich Biogeochemical Provinces,;" 2Z. Obsc.
Biol., 22:179, 1961.
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REFERENCES AND SOURCES
MOLYBDENUM AND INSOLUBLE COMPOGUNDS

1910.93
Personal Preotective Eguipment, and (h) Sanitation
Eye: Lauring and MWergeland., "Oculay Toricity of New Industrial

Metals;" International Labour Office; "Encyclopedia of
Occupational Health and Safety"

Skin: HNone
Ingestion: Browning, "Toxricity of Industrial Metals”
COMMENTS
Eye - Classification® 0
gutput statement numbers: 0
Ex¢eptions: HNone

Lauring and Wergeland have stated that wmolybdenum was among
the newer metals studied by inserting fragments inte "mid -
vitreous regioen of rabbits' eyes." After a one-year
pexriod, and hased on clinical and pathological examinations,
molyhdenum uwas ¢lasgified as inert.

The ILO simply notes that exposure to wolybdenum
trioxide produces eye drritation. The Documentation of
TLV's adds the irritation is transitory.

Since there is no indi¢ation in the literatuze that
“the lnsoluhle compounﬁs are significantly irritating ox
injurious to the eyes, they are assigned a cla551£1catlon
of 0.

8kin -~ Classification: O

Output statement numbérs: Hone
Exceptions: MNone
No data were found in the literature which indicates that
contact with insoluble molybdenum compounds has harmful
effects. The ILD simply motes that "dermatitis from
contact with molybdenum disulfide is unknown."”

Under these circumstances, it is coneluded that
a claszification of mere is avpropriate.

Ingestion — Classifiication: 2 and ©
Output statement numbers: 19, 20b
Exceptions: HNone

Browning revorts "the hexavalent water—-soluble compounds oif
molyhdenum are readily absorbed f£rom the intestinal tract,
also such insoluble compounds as the trioxide and caleium
molybdate if given in large doses, but apparently not the
sulphide molybdenity."” She adds that 1.2 gwskyg given teo
rats and guinea pigs by mouth resulted in "anorexia,
colic, trembling, uncoordinated movements and dyspnoea."”
Without giving the amounts involved, she notes that the
trioxide can cause Ffatty changes in the livex and Kidneys
and that the trioxide and calcium and ammonium molybdqte
can causée anorexia, listlessness, and loss of weight.
Patty reports "the approrimate LD50 of daily repeated
doses in my of Morskgsday for ¢aleium molybdate was 100;
for molyhdenum trioxide, 125; and for ammenium welyhdate,
333." In general he states that animals "on high dietary
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levels of Mo show deformities of doints of the extremities,”
that "livers and Kidneys of severely poisoned animals

showed fatty degeneration,” that "Mo is rapidly eliminated
by the kidney," aid that storagé above noérmal of Mo in

bhone has bheen ohserved.

The literature generally agrees that these substances
axe not of high toxiecity. However., since c¢ontact prevention
is not reguired, the toxicity of the compounds by ingestion
is considezred sufficient to warrant classifications of
2 and 6. :

SURSTANCE TECHNICAL GUIDELINES
The references cgited for this document ineclude:
National Fire Protection Association, "Fire Protection Guide on Hazardous
Materials,” 5th editien, 1975 (NEPA)
Kixk - Othmer, "Encyclopedia of Chemical Technology," 2nd edition, Vel. 13,
p. G634 (XK-Q) ‘
"tLange's Handbook of Chemistry," 13th edition (Lange)
K. N. Palmer, "Dust Explosions and Fires," Chapman and Hall, London,
1973 (Palmer}
Chemical Rubber Company,; Handbood of Chemistry and Physics (CRC)
Bureau of Minus "Explosibility of Metal Powdexs (BOM)
Sources of data items used:
I. A, Synonyms: KE~0, Lange, CRC
Formula: Lange; CRC _
Melecular weight:. Lange, CRC
Boiling point: K-0, CRC
Specific gravity: K-0, CRC
Vapor density: 'Hot applicable
‘Melting point: K-0, CRC
Vapox pressure! K—-0
Solubility in watex: ¥K-0, CRC
Evaporation rata: MNot applicable
Appearance and odoxr: K-0, Lange, CRC
Flash point: Not applicable
Minimum ignitien tewperature: Not applicable, BOM
Minimum explosive cohcentration: Not applicable
Extinguishing wedias ADL
Special fire fighting procedures: ADL
Unusual f£ire and explosion hamards: Palmer, ADL
Conditions contributing te¢ instabilikty: ADL
Incompatibilities: NFPA-491M, ADL
Hazardous decomposition products: ADL
Special precautions: None
IizT, R, Steps 1f released or spilled: ADL
c. Waste disposal wethod: ADL
V. ‘Miscellaneous precaukions® ADL
—_ USE/EXPOSURE AND CONTROEL DOCUNEHT

Scurces used in the preparation of this deocument include:

Beéh, M. 0., "Hard Metal Bisease and Tool Room Grinding," Jouzxnal of
the Society of Ocoupational Medicine, Volume 24, No. 1, January
1974 (Rech)

Brouning., E., "Toxricity of Industrial Metals,”™ Butterworths, London,

IY. A.

ztum.gmln:juwl+mhimLhrﬂn&-awj@A
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1961 (Browning) )

YChemical Origins and Markets," Stanford Research Institute, Menlo Park.
California, 4th edition, 1967 (Origins)

"Documentation of Threshold Limit Values," American Conference of
Governmental Industrial Hygienists, 1971 (ACGIH)

Fairhall, L. T., "The Toxricity of Molybdenum,” Public Health Bulletin
No. 293, U. 8. Public Health Service, 1945 {(Public Health)

"Handbook of Chemistry and Physics," CRE Press, Cleveland., Ohio, S54th
edition, 1973 (CRC Handhook)

Hawley, G. G. = editer, "The Condensed Chemnical Dictiochary," Van Nostrand
Reinhold Coimpany.,. 8th edition, 1971 {(Hawley)

Birk, R. and Othmerx. D., "Encyclopédia of Chemic¢al Technoldgy,” Intex-
science Publishers; Division of John Wiley and Sons, Ine¢., 2nd
edition, 1968 {K-0G)

"Merck Index oi_Chemicals and Drugs,"” Mexck and Company., Rahmayy
Hew Jersey, 8th sdition, 1968 (Mexrck)

Mogilevskaja, 0. Ja.; "Contribution toe the Establishment of Maxgimum
Aceeptable Concentrations for a Number of Non-scluhle Molybdenum
Compounids," Gigiena Truda i Professional — Hye Zabolevanija, Moscou,
USSR, June 1965, Vol 9, Mo. & {Mogilevskaja)

"Molybdenum," Hygienic Guide Sereies, American Industrial Hygiene
Association, February 1960 CATHA)

Molybdenum Compounds,":lnformation Bulletin, Kennecott Coppexr Corporation,
Utah Copper Division (Kennhecott)

Patty, F. h., "Industrial Hygiene and Toxicology," Vol. II, Interscience
Fublishers, 1963 {(Patty?

References for Specifid Use/Exposure

CRC Handhook, Hawley, Publie Health

CRC Handbook, ALHA; Kennecott, Hawley, Browning, Patty, Bech

AIHA, Patty, K-0., Kennhecoitt, Hawley, Drigins, Mexck

Patty, K~0, Hawley, Origins

Origins _

Hawley, Origins

CRC Handbook, Mexck, Hauley

Hawuley, Origins

Hawley, K-0

Hawley was the reference used for numbers 10 ~ 14.

References for Specifie Control Methods

ACGETIH, AIHA and Rennscott wexe the references used in all of the Specific
Gontrol Methods.

O w0 U AW B s

RESPIRBATOR TABLE DOCUMENTATION

SUBSTANCE: Molybdenum antd Insoluble Compounds

D. 0. L. STANDARD: 15 mg/l13
Eye Irritation Level: Hone of the insoluble compounds of molybdenum are KRnoi

te be significant eye irxritants. .
IPLH: There is no evidence in the available toxicological information that
—. an acute exposure to a high concentration of insoluble molybdenum compounds

would impede escape or cause any irreversible health effects within one-hal#
hour. For the purposes of this standard, therefore, allowable respiratory
protection has bheen determined on thg basis o6Ff the protection factor affordei
by each dewite. It is recognized, hewever, that for some substances
for which there does net appear to erist a concentration immediately
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fangerous to life and health, the determination of allowable respixatory

protection based on protection factors may result in the selection

of a concentration which is not likely %o be encountered in the occcupational

anvironment. Thereforeé, for all such particdulate substances it has

been arbitrarily determined tlhat only those respirators allowed for

uge above IDLH cZoncentrations are permitted for use in evoncentrations

exceeding 500 times the permissible enposure.

Other Toxicological Information: The BRIHA Hygienic Guides state that the
severity of the health hazarﬂs:frgm melyhdenum is "moderate to lown ,
Exposure (of guinea piys) to molybdenite ore dust (MoS2) at a concen-
tration of 280 mg/M3 (of molybdéenum) on the other hand caused little
effect. Fume from arcing molybdenunm metal caused some mortality at
190 mgs/M3 but little effect at 53 mys/M3." ThHe Pocumentation of TLV's
points out that these were chronic exposures. The Hygienic Guides
state that meolyhdenum is "probably not immediately hamardous to life
at any concentration.m

Browning states that "the chief compeund of molybdenum encountere
in industrial exposure lespecially in mining) is the sulphide; no toxic
effects in human beings ox in animals have basen reporied from inhala-~
tion of its dust. It &ppears that compared with many other metals of
industrial importance molybdenum is of low toxie¢ity but the results of
the investigation of Fairhall et al. paxrticulaxly suggest that pro-
tective measures against the moxe soluble compounds should be ensured.”

The Dodumentation of TLV's states that the threshold limit, "as
far as is knoun, . . . (should) include . . . & relatively laxge
factoxr of safety against systemic effects.”
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MOLYBDEHYUM AND INSOLURLE COMPOUNDS
MOLYBDENUM INSOLUBLE COMPOUNDS

Principal Houte

UsesExrposure
Inhalation of molybde-
nite (MoS$2), wulfenite
{(PBMoON) and powellite
tCaMo04) dusts during
the mining and suhse-
gusnt handling of
these ores. Molybdenite
is the principal molyh-
denum produging ore

Inhalation of wolybdenum
dust during grinding

and other abrasive treat-
ments of either the pure
metal oxr alloys containing
the metal. Uses for
nolybdenum include electri-
¢al contacts, spark plugs,
¥-ray +tubes, grids fox
radie tubes, wmissile and

ajircraft parts, and iron
and steel alloys '

Inhalation of molybdenunm
disulfide (MeS2) dust
during use as a lubri-
cant in greases, oil
dispersions, resin-bonded
£ilms and dry pouders:

as a aatalyst in petro-
leum refining; and as a
catalyst in chemical
processing

Inhalation of lead
melyhdate (FPhMoOR) dust
during use in pigment
migtures for labeling
glass bottles, fox
printing inks, for
paints and for plastics,
and as a reagent in
analytical chemistxy
labeoratories

Inhalation of molybdanum
dust during the use of
metal powdexr as a chemical

of Entry
A

Curtently Used

Control HMethods
General dilution ven¥ila-
+tion; process enclosure;
local exhaust ventilation;
personal protective
equipment (respiratory
protective devices and
goggles)

General dilution ventila-
tion; progess enclosure;
local exhaust ventilation:
personal protective
egquipment (respiratory
protective devices and
goggles]

General dilution ventila-
tion; process enclosure;
loeal exhaust ventilations;
personal protective
eguipment (respiratory
protective devices and
goygles)

General dilution ventila-
tion; process enclosure;:
locgal exhaust ventilation;
personal protective
equipment (respiratoxy
protective devices and
goggles)

General dilution ventila-
tion; process enclosures;
local exhaust ventilatioén;
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intermediate f£or other
molybdenum compounds

Inhalation of calcium
molybdate (CaMoOH) dust
during use in melybidic
acid and as an alloying
agent in ‘the production
of iron and steel

Inhalation of molybdenum
segyuioxide (Mo203) dust
during use as a catalyst
in organie synthesis,

in mwedicginals, in

decorative and protective

coatings for metals,
and as a feed additive

Inhalation of molybdenunm
disilicide (MoSi2) dust

and fume during high .
temperature applig¢ation

as a protective coating

for electrical resistors

and engine parts, and as
a catalyst

Inhalation eof molybdgnum
hexacarbonyl (Me(C0)6) dust

during use as a chemical

intermediate and as a
molybdenum plating

(i,e., mirrors) agent

Inhalation of molybdenum

boride (MeoBY dust during

use for metal braging and

in the manufzcture of
cutiing tools

Inhalation of molybdanum
aluminide dust during
use as a cermet

personal pretective
equipment (respiratory
protective devices and
goggles)

Gengral dilution ventila-
tion; process enclesure;
local exhaust ventilation;
personal protective
equipment (respirateory
protective devices and
goggles)

General dilution ventila-
tiens process enclosure;
local exhaust ventilation;
personal protective
equipment (respiratory
protective devices and
gogygles)

Generzl dilution ventila-
tion; process enclosure;
loecal exhaust ventilations
rersconal protective
eguipwent (respiratory
protective devices and
goggles?}

General dilution ventila-
tion; process enclosure;
loval exhaust ventilation:
personal protective
eguipment (respiratoxry
protective dévices and
geggles)

general dilution ventila-
tion; process enclosure;
loecal ewhaust ventilationg;
prersonal protective
equipment (respiratory
protective devices and
goggles)

General dilution ventila—
tion:y protess enclosure;
leocal exhaust veéntilation;
personal protective
equipment (respiratory
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rrotective devices and

geggles)
Inhalation of molybdenum A General dilution véntila-
diselenide (MoSe2) dust tion; process encleosure;

guring use as a solid loc¢al exhaust ventilation;

lubricdant personal protective
equipment {(respiratory
protective devices and

goggles)
Inhalation of molybdenum A General dilution ventila-
napthenate dust during tion; personal protective
use as a ¢gatalyst in the eguipment (respiratory

manufacture of propy-
Jene oxide

devites and goggles)

Inhalation of molybdenunm A
dioxide (Mo02) and _

molybdenun metaphephate

(Mo(DO2)6) dusts during

use in the chemigal laliora-

General dilutien ventilation

tory
A -~ Inhalation
B -=- Skin and eye gontact resulting in
localizged ixritation
¢ -- Ingestion _
D —- Skin dontact resulting in

absorption ahd subsequent
systemic poisoning



