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The basic text of +this document c¢ontains the dra¥ft technical standard

approved hy the Joint Review Cpmmifﬁea of *he MNIOSHYOSHA Standards

Completion Program and the supporting documentation for the substance ZINC
OXTIDE FUME.

The SCP draft technic¢al standards are recommendations to the Department of
Labor for its consideration in ruleimaking and have no legal status until
final =rules have bheen promulgated by that agency. This draft standard is

provided foxr your information only.

The References and Sources, Respirator Table Documentation and UseésExposure
and Control Documentation are the working documents used by the various SCP
werking groups durxing the development of the draft technical standard and
serve as the technical foundation for the standard. The c¢lassification for

each substance and the regulatery statements were dexived following a

decision logic established for the various ssctiens of the standard.
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(al Detinitions. (1) "Permissible exposura”™ means exposure of ewployees
te airberne concentrations of zine oxide Fume not in excess of 5 milligranms
per cubic wmeter (mgs/M3) averaged over an eight-hour work shift (time
ueighted average), as stated in $ 1910.1000, Table Z-1. H

(23 "action level™ nmeans one half of the permissible exposure for Zinc
oxide fume. _

(bl Expogure  determination and measuremgnt. (1) Each employer who has a
place of employment in which zminc oxide fume is releéaséd irto the workplace
aix shall determing if any employee may be exposed %o airborne
coneantrations of zine oxide fume at ox above the action level. The
determination shall be made each time there is a change in production,
process, or control measures which ceould result in an increase ‘in airborne
concentrations of zinec oxide Ffume.

{2) A uwritten record of the determimation shall be made and shall contain
at leaast the following information:

(i) Any dinformation, ohsérvationsg, or ¢alculations which may indicate
enployee éuposiure to zine oxide fune;

(1i) Any measurements of zinc oxide Ffume taken; _ )

(1ii) Any employee complaints of symptoms which may be attributable to
exposure to zinc oxide fume; and .

(iv) Date of determination, work heing perforned at the time, location
within werk site, name, and Ssoc¢ial sécuzrity number of each enmnployee
considered.

(3) If +the emplover determines that any employee may he exposed to zinc
oxide Ffume at or above the action level, the exposure of the enmployee in
each work operation who is believed to have the greatest exposure shall be
measured. The exposure measurement shall he representative of the maximun
eight-hour time weighted_average exposure of the employee.

(4) If the exposure measurement Taken pursuant to paragraph (h) (3) of
this section reveals employee exposure to zinc oxide Ffume at or ahove the
action level, the employer shallr:

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

(ii) Measure the exyposuré of the employees so identified,

(5) If an employee eXposure measurement reveals that an employee is
exposed to zing oxide fume at or above the actioen level, but not above the
permissible exposure, the exposure of that employee shall be measured at
least svery two menths.

(6) If an employee exposure weasurement zreveals that an employee is
exposed to =ine oride fume ahove the permisgible exposure, the employer
shall:

(1Y Measure the exposurée monthly of the émployvee so exposed; and

(ii) Institute control measures as required by paragraph (d) of this
section; and

(iii) TIndividually motify, in writing, within five days, every employvee
whe is found to be exposed +to =z=inc oxide £fume above the permissible

—eRposure., The employes shall also be notified of the corrective action

being taken to reducée the exposure to at or below the pernissihle exposure.
(7) If two ctonsecutive employee enposure measurements taken at lzast one

week apart reveal that the employee is éxposed to zinc oxide fume below the

action level, the employer may terminate measurement fox the employee.

—
-
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(8) Fox purposes of this paragraph, employee exposure is that which would
oceur if the employee were not using a respiratoxr.

(¢) Methods of measurement. (1) An emplovee's exposure shall beée obtained
by any combination of long term or short term samples which represents the
employee s actual exposure averaged over an eight-hour work shift (Bee
Appendix B (IV) of this section?).

(2) The method of mdasurement shall have an ageuracy, to a confidence
level of 95 pexcent, of not less than that given in Table 1.

o]

Tahle 1
Concentration Required Aecuracy
Above permissilile exposure + 25%
At or below permissible exposure
and above the action level i+ 3I5%
At or helow the action lavel + B0Z
(d) Lompliange. (1) No employee shall be exposed to zinc oxide Ffume

ahovée the permissible exposure as defined in paragraph (a)(1) of this
section,

2 Employes exposures to airborne concentratlons of zinc oxide Ffune
shall be controlled te at or below the permissible exposure by engineering
and work practice controls:

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

exposures to at ox below the permissible exposure, except to the extent
that_such'controls are not technically feasible.
Cidid Wherever engineering and work practice dontrols are not sufficient

to zeduge exkposures to at or below the permissible exposure, they shall

nonetheless he used to =zeduce exposure to the lowest level feasible and

shall be supplemented by zrespirators in accordance with paragraph (A){u) of
this section.

(3 Engineering controls. When mechanical ventilation is used to
control exposure, measurements which demonstrate system effectiveness, For
example, alr velocity, static pressure, or air velume, shall be made at
least every three months. Measurements of systen effectiveness shall alseo
be made within five days of any change in production, process, or control
which might result in an inctease in airborne concentrations of zinc oxide

fuma. .

(g Compliance with the permissible expesure shall not be achieved by
the use of respirators except:

€i) During the time pexiod necessary to install or implement engineering
or work practice controls; or

(idi) In work situations in which endineering and work pracitice controls
are technically not Ffeasible; oxr
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tiid) Te supplement engineering and work practice controls when such
controls fail to xeduce airborne concentrations of =zinc oxide fume to at or
below the permissihle exposure; o

{iv) In emergencies.

¢5) Khere respirators are needed and permitted under this paragraph to
reduce employee exposure, ‘the employer shall select and provide the
appropriate respiratoxr from Table 2 and shall ensure that the employee uses
the xespirator provided.

TABLE 2 RESPIRATORY PROTFCTIOH FOR ZIHC OXIDE FUMB

Particulate Concentration

50 mgs/M3 or less Any fume respiratoer ox high efficiency particulate filter
respirator.
Any supplied-air respirator.
Any self-contained breathing apparatus.
250 mg/M3 or A high efficiency particulate Filter respirator iith a
less full facepiece.
Any supplied-air respiratoer with a full facepiece. helmet
or. hood,
Any self-contained breathing apparatus uwith s $full face-
piece.
2,500 mgsM3 ox A pouered air-purifying respizator with a high efficiency
less particulate F£ilter.

A Type C suppliedvair respirator operated in pressure -
demand or other positive pressure ox continuous-flow mode.

Greater than Self~contained breathing apparatus with a full facepiece
2;500 mgsM3 orx cperated in pressure-demand or othe¥ positive pressure
entry and modé . '

esgape from R T e T U
unknown A combination respirator which ineludes a Type C supplied -
concentrations aix respizator with a full facepiece operated in pressure -

demand oxr other positive pressure or c¢ontinucus-flou mode
and an auxiliary self-contained bresathing apparatus
cperated in pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece
operated in pressure-demand or other positive pressure
mode .
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spiraters shall he approved by the Mining Enforcement and Safety
eau of Mineés) or by the National Instltute

tion (fermerly Bux

(73 The employer shall

agcordance
() Fi

with $ 1910.134¢(h

information contained in the Substance Technical Guidelines (

re _and _safety.

al Safety and Health under the preovisicens of 30 CFR Part T1.

for

institute a respiratory protection program in

}, (d), (ed, and (£).

The emplever shall familiarize himself with +the

this section) for =zing oxide fume.
(£} Reserxved.
(g} Reserved.

th) Reserved.

(i) Training and inform

Appendin B

of

ation. (1) Each employer who has a workplace in

which zing oxide fume is present shall keep a copy of this regulatien

Appendixes

A, B and C a

t the workplace. This mate

readily available to affected employees.

(23 Each employer who has employees exposad to

dction lével ox demployees

hazardous

release of zing ox

or empleoyees who work uwhe

rial

re

shall he:

ide fume may occur, shall annually:

with
made

zine oxide fuwe above the
a potenti

ally

i) Interm affected employeas of the information contained in the
Substanhce Safely Data Sheet for zing owide fume (Appendix A of +Ehis
sectionl; ' _

tiid Rdvise affected employees as *o the signg and symnptomg of expoesure
to zinc oxide fume.

€iii) Instruct affected enpleoyees +to advise the employexr of the
develcpment of signs and symptoms of éxposure to zinc oxide fume which are
listed in Appendix A of the section; and

{iv?) Provide training te ensure that employees understand the
rrec¢auntions of safe use, eEmergency procedures, and the correct use of
protective eguipnent relative to zine oxide Fume.

{32 Medical surveillance. (1) The enployer shall provide medi¢al
procedures as required by %this paragraph. All mediecal procedures shall be

performed
emplovee.
(2) The

and skin.
iiy 14r

by or under th

employe¥ shall

® 17" chest roent

@ supervision of a physician at ne cost to the

make available to each employee who is to be
exposed to airborne cdoncentrations of zine oxride Fume _ _
action level a medidal examination which shall include the following-

(1) A medical history and physical examination with emphasis on the Junygs

genogram,.

at

or. above

the

{iii) Forced vital capacity (FVC) and forced expiratory volume-one second

(FEV (1 s8&
37 The

examination,

(i)Y A
seation.

cgondl}) tests.
employer shall

written opinion

obtain from the physician,

the following information:

which conforms with paragr

as a record of the

aph

(§307) of

(ii) 14" x 17" chest roentgenogram ox a medically acceptable copy.
(iii) A record of the results of the rulmoenary function testing.

(4) The

oride fume

employee's
the dction
following=

employer shall make available to each employes,

in excess of the
first exposure,
lewvel thereafter,

action level at 12 months from the date of
and at evéry 12 months of exposure in excess of

a medical examination which

must

incglude

this

exposed te zing

the

the
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(i) A medical histoxry and physical examination with emphasis on the lungs
and skin. '

(ii) 8" x 17" chest roentgenoygram (only when indicated by results of
pulmonary function testing, FVC and FEV (1 secg)).

£1i1i) Foxsed vwital capicity (FVCE) and forceed expiratory volume -one
second (FEV (1 second})) tests; _

{5) The employer shall ohtain <from the physician, as a record of the
periodic examination, the following information:

(1) & wrxitien opinion which conforms with paragraph (33(7) of this
section.

(ii) 18" x 17" chest roentgenogram or a medically acCeptable copy.

(1ii) B xecord of the xésults of the pulmonary Function testing.

(6) The employer shall provide te the examining physician the following
information: _

(i) R copy of this regulation with its appendixes A, B, and € for minc
oxide fume;

(iid & description of +the amployee's duties as they relate to his
exposure to zine onide fume;

(iii} A deseription of any personal protective equipment and respirators
required to be used:;

{iv) The results: of any measuremnents, which may indicate the affected
enployee’s exposure;

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

(vi) Upon <request of the physician, any available information Ffrom
previous medical examination of the affected emplovee.

(73(1) The physician's uritten opinion shall bhe a signed statement hy the
examnining physician specifically stating: (A} Whethex the élployee has any
detected medical condition which would placée the employee at increasaed risk
of matexial impairment of the employee*s health fxrom egposure to =z=inc oxide
fume or would directly or indirectly aggravate any detected medical
condition;

{B) Any reacommended limitations wupon the employea's exposure to =zine
oxide fume, including limitations upon +the wuse - oFf persondal protective
equipment and rxespirators;

(C) That the employee has been infoirmed by the physician of any detected
medical conditions which reguire further medicdal examination or treatment.

(ii) The physician's written o6pinion shall not reveal specific medical
findings ox diagneses unrelated to exposure to zinc oxide Fume.

(1ii) The wemployer shall provide +the employee with a copy of the
physician's written opinion.

{(8) No employee shall be exposed to airborne concentrations of =zinc oxide
fume in such a way as would put the employee at increased rislki of materiszl

impairment of his hedalth from such exposure. This determination may be
based on the physician’'s written opinion.
(8) The employer shall provide emergency and follow—up medical

examinations and treatwent for any employee injured through exposure to

wZine onide fume,

(10 If +the eramining physician chooses to use alterrnative medical
examinations to tlicse specified in Faragraphs (3)(2) and (4} of this
section, the eémployer way acecept such alternative medical surveillance
@xaminations as meating the requirements of this part provided that the
employer:
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(i) Obtains a statement From the axamining physician setting forth the
alternative wmedical examinations and the rationale for substitution .and

evidence that they will be equally effective.

(i) Informs emch exposed employes of the fact that alternstive medical
examinations te those required in paragraphs (j)(2) oxr (%) oFf thHis section
are to bhe made available.

(11} If an employee refuses any required iedical examination, the
employexr shall inform the employee of the rossible health <donseguences of
such refusal and obtain a signed statement from the employee indicating
that tha employee understands the risks inwvolved by refusing to The
examined.,

(127 No nmedical proécedure which would be performed pursuant to this
saction nead he performed 1f zecords of a previous such procedure performad
uithin the past sir months are acveptable to the examining physician.

(k) Recordkeeping. (1) Exposure determinaticon. £€i) The employer shall
keep an accurate recvord of all determinations required to be made pursuant
+*n paramyaph (b)(1) of this section.

(ii) This zxecord shall dinclude +the written determination reguired in

varagraph (b)(2) of this section.

(111} This record shall be maintained until replaced by a more recent

record,

(2) Exposure measurements, (i) The employer shall Xeep an acéurate
recoxrd of all measurements takken to determine employee exposure %o Zinc
oxide Ffume,

(ii) This recoxrd shall ineclude:

(A) The date of measurenment;

(B) Oparations involving exposure to =zing owide fume which are heing

monitoreds

(g3 Sampling and analytlcal methods used and evxdence of their acocuracy,
including the wmethod, zxzesults and date of calibration of sampling
aqu;pmant;

(D} Number, duration, and results o+ samples taken; and

(E} HName, social security number and exposure of the employeée monitored.

(iii) This 1recoxd shall be maintained until replaced by 2 more recent
record but in ne event for less than one year.

(3) Mechanigal ventilation. (i} When mechanical ventilation is used as
an énginéering control, the employer shall malntaln an acgurate recoxrd of
the measuremeénts demonstratln; the effectiveness of such véentilation

required hy paragraph (d)(3) of this section.

(ii) This record shall include:

(R) Date of measurement;

(B) Type of measurement taken;

(C) Result of measurement.

(1ii) These records shall bas maintained for at least one vear. _

(4) Emploves training and information. (i) The employer shall Keep an
accurate record of all employee training and information xeguired by
paragraph (i) of this section.

(ii) This record shall include:

(A) Date of training;

{B) HName and social security number of employee trained;

(C) Content or scope oFf training provided.
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(£ii) This record shall be maintained until replaced by a more recent
record.
(5) HMedical surveillance. (i) The employer shall Reep an accurate

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

(41) This record shall include:

(R) Results of +tests reguired by paragraph (3202} and (3){(4) of this
section and resulis of any tesitis conducted pursuant to paragraphs (j)(#) of
this secdtion;

(B} BAny employee medical complaints relative to exposure to =zinc oxide
fume; ' '

(CY A copy of information provided to the physician pursuant to paragraph
(3)Ca)0ii)y, (iii), (iv), (w), and (vi) of this section.

(D) Physician’'s written opinion; and

(E) A signed statement of any zefusal to be examnihed.

(iiid This record skall be maintained for the duration and for five yeaxs
after termination of the enployment of the affected emploves.

(6) RKogess. _to  records. (i) Rll recoxds reguired to be maintained by

this section shall be made available upon request to authorized

representatives of the Assistant Secretaxy of Lahor fox Obcupational-Safety
and Health and the Director of +the National Institute £for Occupational

Safety and Health.

{ii) Employee exnposure determination and expésure measurement records
required te be maintained by this section shall be made available to
enployees and formexr employees and their designated xepresentatives.

(iii) Employee medical records reguired to be maintained by this section
shall be made available upon written request to a physician designated Dby
the emplovee or £ormer emplovee. _

(1) Employes observation of measurement. (1) The enployer shall give
affected employvees or their representatives an opportunity to ohserve any
measurement of employee exposure to =zinc oxide Ffume which is conductad

pursuant toe this section.

(2) HWhen obsexrvation of measurement of employee exposure to ziné ouide
fume reguires entry into an area where the 1use of rersconal protective
devides, including respirators; is regquired, the observer shall be provided
with and zreguired to wuse such eguipment and comply with all other
applicable safety procedures.

(3) Without interfering wmith the measurement, observers shall be entitlaed
to+

(1) Reteive an explanation of the measurement procedure.

(143 Visually observe all steps related +to the measurement of the
airborne concéntration of zind oxide Fume that are heing pexformed at the
place of exposure; and

(iii) Record the results obtained.

NOTE: The inforimation ¢eontained in the following appendizres is advisory
in naturé and is noit intended, by itself, to. create any additional
obligations not otherwise imposed ox detract from any existing obllgatlon
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RPPENDIX A

SUBSTAHCE SAFETY DATA SHEET
FOR ZINC OXIDE FUME

SUBSTANCE IDENTIFICATION

A,

‘B

CI- .
HEALTH
A.

R.

a.

.

Substance: Zine ounide Fume

Fermissible Exposure: 5 milligrams of =zinc¢ oxide fume pex
cubic meter of air (mg/M3) averaged over an eight-hour 1work
shift,

Appearance! White fume
HEZARD DATRA
Kays in whigh the ¢hemical affeots your body: Zinc oxide

fume can affect your body if you inhale it.

Effee¢ts of Ovetexposure:

1. Shoxrt-Term: Zinc. oxide Ffume causes a f£lu-1like illness
called metal fume fever. Symptoms of metal fFume Fever
include headache, feve;, ¢hills, muscle aches. nausesa.,
voemitting, weakness and tiredness,. The symptoms usually
start several hours aftexr exposure. The attack may last
6 to 2% hours. Metal fume Ffever is more likely to bceur
after a period away from the job (after weekends ox
vacations). High levels of exposure to zinc¢ owide fFume
may cause a metallic ox sweet taste in the mwouth,
dryness and irritation of the throat and coughing at the
time of exposure.

2. Long-term Exposure: Hone Known.

3. Reporting 8Signs and Symptoms: You should inform your
employex if youw develop any signg o¥ symptoms and
suspect that they are caused by eéxposure to =ine oxide
fume .

ENERGENCY FIRST AID PROCETURES

Breathing: It you or any other person breathes in large
amounts of zine oxide fume move the expdsed person to Fresh
air alt once, I£ breathing has stopped, perforh artifieial
xespixatiqnh Keep the affected person warm and at rest. Get
medical attention as soon as possible.

Rescue: Move affectéd ©person from the hamardous exposure.
If the exposed pérson has heén overcome, notify someone =else
and put into effect the =established emergency rescue
procedures. Do not hescome a casualty yourself. Understand
your emergency rescye procedures and know the locations of
the eguipment before the need arises.

RESPIRATORS AND PROTECTIVE CLOTHING

Respirators: Respirators are not the best way to control
exposura to zinc oxide fume. You can only be required to
wgar them for routine use if your employer is in the process
of installing controls or control meaéﬂ:es prove inadequate.
You may be required to uwear respirators for non-routine
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activities or in emexgencies. IF zespirators are worn, they
must have a MNining Enforcément and Safety Administration
(MESA} ox National Institute for Oegupational Safety and
Health (NIOSHJ approval label. (0Older respixators may have a
Bureau of Mines approval label.) For effactive protection,

respirators must f£it your face and head snugly. Respirators
should not be loosened ox removed in woxrk situations where
thera use is reguired. If wyou experience difficulty

breathing while wearing a respiratox, tell your employsr.
Protective Clothing: HNot applicable.

Eye Protection: Mot applicable.

TONS FOR SATE USE, HAMDLIMS AND STORAGE

Zinc oxide fume should not be allowed to come in contact with

chlorinated rublber.

VI.

I.

B.

ACCESS
k.

PHYSTCRA
A.

Ask vour supervisox uherea zine oxide fume may be
inadvertently released in your work ‘area and for any
additional safety and health zules.

TG INFORMATION

Each year your employer is required to inform you of the
information ¢ontained in this Substance Safety Data Sheest for
2incg oxide fune. In addition, your employer must insiruct
yeu in erergency procedures, and +the correct usge: of
protective equipment.

Your emplover is required %o determine whether veou are being

exposed to zinc ogida fume. Y¥ou or vour representative hava
the rxight to observe emplovee exposure measuremenits and to
regor@ the results obtained. IT¥ yourxr émplover determines

that vyou aze bheing overexposed, he is reguired to inform vou
of the exposure and of the actions which are being taken to
reguce your eXposura.

Your employer is required to Keep records of enposure

determinations, BERPOSUEE measuremants, and medical
surveillance. Your employer is reguired to make records of
expobsure determinations =and your exposure measurements

availabhle to You or your représentative upon your refuest.
Your employexr is requirxed to release your nedical records to
youzr physician upon your written regquest.

APPENDIX B

SUBSTANCE TEGHNICAL GUIDELINES
FOR ZINC OXIDE FUME
L. AND CHBEMIGAL DATHA
Substance Identification
1. Synonyms: Hone
2. Formiula: Zni
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3. Molecular weight: 81.37
Physical Data
1. Boiling Point {760 MM Hg): Solid sublimes

2 Specific gravity (water = 1): 5.6 (solid)
3. Yapor density (air = 1 at boiling point of
zine oxide fume?: Not applicable
i, Melting point: {greater than 1800 @)(greater than 3272 F).

5. Vapor pressure at 20 C (68 F): Not applicable
6. Solubility in watex, % by weight at 20 € (68 F):
Insoluble (so0lid)
7. Evaporation rate (butyl acetate = 1): Not applicvable
3. Appaaxance White fume
EXPLOSION AND REACTIVITY HAZARD DATA

Fire

1. Hot combustible

Reactivity

1. Conditiong contributing to instability: HNone.

2. Incompatibilites: Zing owide fume may react violently
with chlerinated rubber. _

3. ' Hazardous decomposition products: None.

. Special precautions: HNone.

LEAK PROGCEDURES

a.

B,

A,

If potentially hdazardoeus amounts of 2ine oxide fume are
inadvertently released, ventilate the area of the releasec to
disperse thé Ffune.

Parsons not we&aring protective equipment should be restricted
from areas of releases until gleanup has been completed.

MONITORING AND MEASUREMENT PROCEDURES

EXPOSURE ABOVE THE ARCTION LEVEL: Measurements taken for thé
purpese. of detezmining_employeé eHposure undeér this section
are lhest taken such that the avarage 8-houx exposure may be
determined from a single eight-hour sampgle ox twoe U-houx
samples. Several short time dinterval samples (up to 30
minutes) may also be used to determine the averaye exposure
level. Bir samples should be taken in the employee's
breathing =zone (air that would most nearly repréesent that
inhaled by ths employee). Sanpling and analyses may be
performed by instrumants such as detector tubes certifisd by
HIOSH under b2 CFR part 84, portable direct-rxreading
instruments, dosimeters, or by collection of the particulates
using a high edfficiency membrane Ffilter with subsequent
chemical analyses. The method of measurement must determine
the concentration ofzine cuide Fume to plus or minus 3B5%.
EXPOSURE ABOVE THE PERMISSIBLE EXPOSURE: The monitoring ani
megasurenments under this section sliould be essentially the
same as described undexr paragraph IV. 1. Laboratories
performing chemical analyses should be aceredited in
Industrial Hygiene Chemistry by the Américan Industrial
Hygiene JAssociation. The method of measurement must
determine the vconcentration ofzinc oxide Fume to plus ox
minus 25%.
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c. HETHODS: Methods meeting +these accuracy requirements are
available from the MNational Technical Information Service, U.
. Department of Commerce, Springfield, Virginia 22161 under
the title "HIOSH Analytical Metheds foxr Set OV {0rder number
RYEXXKANKK) . _

D, QUALIFIED PERSONS: Since many of the duties relating to
employge protection are dépendent on the  results of
monitoring and neasuring procedures, empleyers should assuze
that the evaliuation of employers exposures is performed by a
competent industrial hygienist or othex %technically gualified

patSon. _
V. MISCELLRHEQUS PRECAUTIONS _
) Emplovers should advise employees ¢f all azeas and operations

where expoesure to zinc oxide fume could occur.

VI, COMMON OPERATIONS

IT.

Common operations in which eXposure to =zinc oxide Fume is likely to
oceur are: During the manufacture of zinc oxide from metallic =zine
by Dburning =ind vapor; during the reducation of zine oride to
metallic zinc; during the roasting of zinc sulfide orxes; during the
use of =zZinc alloys -at high temperatures; during the brazing,
welding, burning oxr c¢utting of zinc and galvanizad metals; duxing
the abrasive <¢leaning of galvanized metal surfacess; and during use
of zinc oxide as a c¢eramic £lun.

APPENDIY £ -~ MEDICAL SURVEILLAMCE GUIDELINES

ROUTE OF ENTRY
Inhalation.
TOXILCOLOGY

Inhalation of =zinc oxide Fume causes an influenza-like illness termed
metal fume f£ever. Hesavy human éxposure to Zinc owide Ffume may cause an
Immediate dryness and irritation of the throat, a swest or metallie taste
folloued by substernal tightness and constriction in +the thest, and a
dry cough. Several hours follouing-exposuxe the subject develdps chills,
lassitude, malaise, fatigue, frontal headache, low hack pain, muscle
cramps and occasionally blurred wvision, nausea, and vomiting. Physical
examination revsals fever, perspiration, dysynasa, rales thzoughout +the
chest, and tachycardia; in some instances there has been a reversible
reduction in pulmonary vital capacity; thexre dis wusually leucogytosis,
which may amount to 12,000-16,9000/¢mm. An attack usually subsides aftex
6 to 12 hours but may last for up to 2% hours; recovery is usually
complete. Most workers develop an immunity to these attacks but it is
guickly lost; attacks tend to be more severe on the first day of the
woerk-uweek .. Only freshly formed fume ¢huses the illness, presumably
because #£locculation otcurs in the Rixr with formation of larger particles
that are deposited iIn the upper respiratory tract and do not renetrate
deeply Iinto the lungs. Chills have Dbéen reported in workexrs From
exposure to concentrations of mwine owide fume hbelow 5 mg/M3.



il

II

NIOSH/08HA Draft Technical Standard
and Supporting Documentatien for ZINC OXINE FUME

I, BIGHS RAHD STYMPTOMS

Sweet or metallic taste in the mouth; dryness and irritatioen of throat,

dry cough, followed by substernal tightness, ¢chills and fever,
gonstriction in the chest, dyspnea, xzrales throughout the chest, reduction
in pulmonary function; frontal headache; blurred vision; muscle cramps,

low baek pain; nausea, vomiting; lassitude, malaise, fatigue.

Iy.

VL.

SPECIAL TESTS

Determination of =zing¢ in the urine of exposed workers is helpful in
evaluating the entent of exposure, 0.6 to 0.7 myg of minc per liter of
urine have been found in woeotkers ewposed to =inc oxide Ffumeé in

concentrations between 3 and 5 mgs/M3.

TREATMENT
Hone specific. Remove from exposure and provide necessary supportive
treatment. Recovexry is usually complete.
SURVEILLANCE AND PREVENTIVE CONSIDERATIONS
A. GENERAL
Inhalation of =zine oxide fume causes metal fume fever, an illness
similar to an acute attack of influenza. In a few cases, reversible
reduction of pulmonary Function has cccurred. Recovery is usually
completa m1th1n 34 hours and there are no seguelae. It is important
that the physician becowme familiar mlth plant opgrating conditions
in which exposure to =ine oxide fume occurs. Those with skin
disease may not tolerate +the wearing of protective c¢lothing and
those with chronic respiratory disehnse may not tolerate the wearing
: of negative pressure respirators. '
B. PREPLACEMENT

The following medical procedures must be made available to each
employee who is exposed to zine oxide fume:

1. A complete history and physical éxamination -- The purpose is
to detect preexisting conditions that might place the exposed
employee at increased risk, and to establish a baseline for
future health monitering. Examination of the respiratory
system should be stressed.

2. LI R 17" chest roentgenogram —- Zinc oxide fume may cause
regpiratory impairment. Persons with pulmonary disease may
be more susceptible to the effects 6f =zinc éxide Ffume.
Surveillance of the lungs is indidated.

3. FYC and FEV (1 seg) —-- Pexrsons with preexisting pulmonary
disease may be more susceptible to the effects of zinc oxide
fume , Periedic surveillance is indicated.
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C. PERIODIC EXAMINATIONS
The above medical &xaminations are to be repeated on an annual basis
except that an x-ray is required only when irdicated by pulmonary
funetion testing.

" yIT. REFERENCES

1, American Conferericea of Governmental Industrial Hygienists: *Zing

Oxide Fume," Documentation of the Threshold Limit Values for Substances in
Werkroom ARir (3d ed., 24 printing), Cincinnati, 1974, Pp. 284~285.

2. Hygienic Guide Series: "Zinge Oxide, ™ American Industrial Hygiene
Rssociation Journal, 30:%22-42Y4%, 1969,

3. Patfyz Frank A.: Industrial ‘Hygienéd and Torieelogy, Vol. II -
Trvimalagy (2d ed. revised), Interscience Publishing Company, New York,
1963, pp. 1i82-1188.

4, Browning . Ethel: Toxicity of TIndustrial Metals (28 ead.),
Butterworths, London, 1969, pp. 348-355,

_ 5. Hamdi, E.AK.: "chronic Expeosure to Zinc of Furndce Operators in a
Brass Toundry," British Journal of Industrial Medicihe, 26:126-134, 1969.

6. MeCord, C.P.: "Metal Fume TFever MAs an Immunological Disease,"
Industrial Medicine and Surgery, 29:101-107, 1960.

7. vallee, B.L.: "Zinc and Its Biological Significance,™ A.M.A.
Archives of Industrial Health, 16:187-154, 1957.

8. Rohrs, L.C.: "Metal-Funé Fever fxom Inhaling Zinec Oxide," 2.M.4.
Arehives of Industrial Health, 16:42-47, 1957,

g, National Institute  foxr Oceupational Safety and Health, U.S.
Department of Health, Education, and Welfare: Criteria for a recommended
standard . . . . Oucupational Exposurxe to Zinc Oxide, HEW Publication No.
(HIOSH) 76-104, U.S. Government Printing Office, Washington, D.C., 1975.

, 10. Fishburn, ¢.W. aand C. %Zeng: "Matal Fume Fever," Journal of
Ocecupational Medicine, 11:142-14Y4, 1969. =inhc oxide fume in concentrations
between 3 and 5 mgs/M3.

i



RS

CE)

I.

IT.

NIQSH#C5HR Draft Technical Standard
and Supperting Documentation foxr ZINC OXIDE FUME

REFERENCES AND SOURCES.
ZINC OXIDE FUME
1910.983

Personal Protective Eguipmenkt, and, (h) Sanitation

Gengral: Turnexr, "An Océéupational Dexrmatoconiosis Among Zinc Oxide

Workers"

COMMENES
General: A search of theé literature £ailed to zeveal information on

the toxicity of minc oxide fume on the eye or by ingestion.
Inhalation of the freshly formed fume is documented %6 cause
metal fume fever.

Aoccording to an excerpt £rom Turneér, zince oxide dust
can act as a "mechanical conveyor of bacteria™ by forcing
body debris and bacteria, along with the oxide; into sebaceous
glands. Parspiration and the rubbing of body surfacdes
aid the actieon. The resulting blockage of gland
outlets and infection may cause a dermatitis."™ Turnexr points
out thalt routine personal cleanliness will alleviate this
condition,.

The actien descrihed by Turner is not one which can be con-
sidered fo be unique to ming oxide or caused by any c¢hemical
or toxicological property of the substance. It is one
which is possible in any situation in which workmen perspire,
work in "dirty" conditions, and do not attend te their
persenal cleanliness. It is, therefore, concluded that
neone of the statements nermally specified in this section
‘are appropriate, especially since this standard is for the
fiume, and Turner discusses the actions of the dust. Where
the "mechanical®” action of a substance is invelveéad,
it can be theoxized that the dust is more likely to
penetrate the skin.

SUBSTANCE TECHNICAL GUIDELINESR

Kirk-0Othmexr, "Encyclopadia of Chemical Technology." 2nd édition,

Vol.

22, p. 609 (EK~0)

"Lange's Handbook of Chemistry,™ 11th edition (Lange)
Bources of data items used:

A.

Synonyms: Hone

Formula: Lange

Molecular weight: Lange

Boiling point: Perry's Chemical Engineers Handbook
Shecifice gravity: K-0

Vapor density: HNot applicable

Melting point: Perry's Chemical Engineefs Handbook
Vapor pressure: Not applicable

Solubhility 4n water: EKE-0

Evaporation rate: Hot applicahls

Appearance and odox: ADL

Flash point: Nét applicable

Auteoignition temperature: MNot applicable

Flammable limits: Not applicable

Extinguishing media: HNot applicable

Special fize fighting procefiurxes: ADL
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6. Unusual fire and explesion hazarxds: HNene
B. 1. Ceonditions contributing to 1n5tah111tp ADL
2. Incompatibilities: HFPA 491 M
3, Hazardous decomposition products: none
i . Special precautions: MNone
IIT. A, Steps if released or spilled: ADL
C. Waste disposal method: ™Mot applicable
V. Miscellanecus precautiens: ADL

USE/EXPOSURE AND COMTROL DOCQUMENT
Refarences used in the preparation of this document include:
"Documentation of Threshold Limit Vqlues,' American Conference of Government
Industrial Hygienists, 1971 {(ACGIH)
Hamdi, E. A., "Chronic Exposuxre to Zinc¢ of Furnace Operations in a Brass
Foundzy,”" British Jouznal of Industrial Medicine, Vol. 26, 1969
(Ramdil

Hammond , J. W. "Metal Fume Fever in the Crushed Stone Industry,” Jouznal
of Industxlal HBygiene and Toxicology, Vol. 26, Ho. b4, 194y (Hammond)
Hawley, 6. G. - editer, "The Condensed Chemical Dictionary,"™ Van Noestrand

Reinhold Company, 8th edition, 1971 (Hauwley)

Kirxk, R. and Othmer, D., "Encyclopedia of Chewical Technology,” Interscience

Publishers, Division of John wiley_and Sens, Inec., 2nd edition, 1968 (K-0)
"MexcR Index of Chemicals and Drugs,” Merck and Company, Raliway, Hew Jexrsey,
8th edition, 1968 (Mezck) '
Rolirs, L. €., "Metal - Fume Fever from Inhaling Zinc¢ Oxide,” A.M.L. Archives
of Industrial Health, Vel. 16, July 1957 (Rohrs)

Stanford Research Institute, "Chemical ¢rigins and Maxkets," Menlo ParXk,

califorxnia, bth edition, 1967 (Origins)

Stanford Reseaxrch Institute, "Chemical Economics Handbook," HMenlo Park,
California, January 1971 (CEH)

Stern, A. ¢. —_Edi%o:; "hir Pollutidn: A& Couwprehensive Treatise,® Vol. IIZI,
Aﬂademic Press, 1968 (Stern)

"Zine Oxide," Hygienic Guide Series, American Industrial Hygiene Association,
July - ARugust 1969 (ATHAR)

"Zine Oxide,"™ Hygienic Guide No. 26, Commonuealth of Pennsylvania,
January 1972 (Penn)

Refereiives for Specific UsesExposure

1. Rohrs, Penn

2. AIHA, Stern, Hamdi, Penn

3. Stern, Oxrigins, Hauley

h. Rohrs

5, ATHA, OQrigins, Hawléy, CEH, K-0
6. -Stern, Origins

7. Penn, Origins, HMerck

8, Origins, Hawley, CEH, K-0, Merck
9. Hamitond

10, Hawley

—Refeérences foxr Specific Contxrol Methods

i
-

ATIHA, ACGIH and Penn were thé referenceés used in all of the Specific
Control Metheds.
RESPIRATOR TABLE DOCUHENTATION
SUBSTAMCE! Zinc oxide fume '
D. 0. L. STANDARD: 5§ mg/M3
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Eye Irritation Level: Zinc oxide Fume is not Rneown to he an eye irritant.
IDLH: Thera is no evidence in the available tox1colog1cal evidence that

an acute exposure to a high concentration of zince oxide fume would impede

escape within one-half hour or cause any irreversible health effects. For

the purpeses of this standard, therxefore, allowable raspiratory protection

has been determined on the hasis of the protection factor afforded by eamch

device, It is recognized, howavér, that for some substances for which

there does not appesar to exist a concentratien immediately dangerous

to life and health, the determination of allowable res plxatory protectioen

based on protection factois may result in the selection of a coricentration

uwhich is not 1likely to be encountered in the ccecupational environment.

Therefore, for all such particulate substances it has heen arbitrarily

determined that only +those respirators allowed for use above IDLH corcentrati

are permitted for use in concentrations ewceéding 5060 +imes the rer¥missible

2HpPOSULE .

other Toxicolegical Informationt onwnlng reports that "BPrinker distin-
guishes betuween the efféects of zinc oxnide powder, which has produced
relatively little systewic distuxbance, and the fumes of freshly burned
#ine oxide, which he regards as specific 4o the incidence of chills

and faver. These gympioms resemble those of an acute attack of
influenza ~- chills, aching, natugsea and féver, dry throat and cough,
weakness and lasgsitude . . . Recovery is usually rapid and there are
no segualae. Most worliexrs develop an immunity to these attacks but it

is guickly lost."

The AIHA Hygienic Guides siate that "aftexr initial response
resulting in 'chills' often times much higher concentrations elicit
ne reaction. One suhject inhaling a concentration of 52 mg/M3 zing
oxide in a brass foundry developed fever, but next day inhaled a
concentration of 330 mgs/M2 without fever. Another subject in an
experimental chamber inhaled 330 wg/M3 for a few minutes, retaining
about 23 mg. He developed a fever of 101.2 F but next day inhaled
610 mgsM3 retaining about 33 my with ohly sllght fevar (99.5 F). on
the third day both considezed theniselves to bae in normal health
Workers in factdries have noted that ¢hills appear most i:equently
on ftonday or the first day after holidays."™ Ac¢cording to the
Hygienic Guides, the symptoms of zinc_qxiﬁe_poisoning fregquently
"occur Ffour to f£ive hours after breathing the Fume and last for
three to sin hours." The Guides state that within 24 *to 48 hours
regovery is complete.
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USE/EXPOSURE AND CONTROL DOCUMENT
ZINC OXIDE FUME
Principal Route

Currently Used

Use/Exuposure of Entry

Inhalation of fume during B
the brazing, welding,

burzning or cutting of

zin¢ and galvanized

matals

Inhalation ¢f fTume during 1
the Ffounding of brass,

¢opper and zinc metals,

and during the galvanizing

of izron and steel

Inhalation of fume during 14
the prodiuction of minc

oxwide by the oxidation of
vaporized zinc (French

process) oxr by ‘the roast-

ing of minc and zinc

oxide ores (American

process)

Inhalation of fume during R

the abrasive cleaning of
galvanizeéd metal surfaces

Inhalation of fume during )
use as a ceramic Ilux

Inhalation of fume during A
recovery from impure
lead blast furnace slayg

Inhalation of fume durding A
use in the manufacture of

glass. Zing oxide

increases the bhrilliance

Contrel Methods
General diluition ventila-—
tion;: process enclosure;
lo¢al esxhaust ventilatioen;
rersonal protecdtive equip-
ment (respiratory protec-
tive devices) '

General dilution ventila-

tion; process enclosure;
local exhaust ventilation;
pe¥scnal protective equip-—
meént (respiratory protec-
tive devices)

General dilution ventila-
tioen; process enclosure;
local exhaust wventilation;
persenal protective eguip-
nent {(respiratory protec-
tive deviges)

General dilution ventila-
tion; process encloesure;
local exhaust ventilatien:
rersegnal protective eqguip-
ment (respiratory protec—
tive devices)

General dilution ventila-
tion; process enclosure;
local exhaust ventilation;
perseornal protecitive eguip-
nent (réespivatory proteda-—
tive devices)

General dilution ventila-
tion; process enclosure;
local exhaust ventilation;
rersonal protective equip-
ment (respiratory proteo-—
tive devices)

General dilution ventila-
tion; process enclosures;
local exhaust ventilation;
personal protective equip-
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and luster of glass

Inhalation of fume during
use ag an intermediate

in the manufacture of
other =inc compounds

Inhalation of fume duxring
use of z2inc as a fillex
material in the czushed
stone industry

Inhalation of fume duxing
use of minc or galvanized

metals in the manufacture
of electronic devides

ment (respiratory protec—
tive devices)

General dilution ventila-—
tion; progess enclosurs;

local exhaust ventilation;

personal protective equip-
ment (respiratory protec—
tive devicges)

General dilution ventila-
tion; personal protective
equipment (respiratoxy
protective devices)

General dilutien ventila-
tion; process enclosure;
local ewhaust ventilation;
pexrsonal pretective equip-
nent (respiratory protec-
tive devices)

A ~—-— Inhalation

B —- SKiy and eye contact zesulting
in localized irritation

€ ~— Ingestion

D -- Skin contact resulting in

absorption and subsequent
systemic poisoning
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