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1.0 GENERAL INFORMATION AND SCOPE OF WORK

This site health and safety plan describes the general
procedures that are to be implemented to protect Golder
Associates' and subcontractor personnel involved with field
activities at the Site during the Remedial
Investigation/Feasibility Study. All operations, procedures,
and equipment at the Site will meet the requirements of 29 CFR
120, Hazardous Operations and Emergency Response, and
applicable subparts of 29 CFR 1926 and 29 CFR 1%10.
Anticipated principal activities include: fence installation,
monitoring well installation, development and testing, leachate
well installation and sampling, gas probe installation,
groundwater sampling, surface water and sediment sampling, soil
sampling, and shallow boring on and around the landfills.

1.1 Designated Safety Personnel

Golder personnel responsible for the health and safety of
Golder employees on this project are:

Corporate Health and Safety Officer - William Hager
Project Health and Safety Officer - Joseph Miller
Site Safety Officer (SS0O) - Joseph Miller

Project Manager - Ronald Patterson

The Corporate Health and Safety Officer has overall
responsibility for establishing appropriate health and safety
procedures for the project. The Project Health and Safety
Officer is responsible for documenting that the designated
procedures are implemented in the field. Employee cooperation
is essential to the success of this health and safety program,
and employee feedback is encouraged. Health and safety related

Golder Associates
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suggestions and concerns should be directed to the designated

health and safety personnel specified above.

The SSO has the authority to halt work or dismiss people from
—_ the Site if they do not adhere to this plan. In addition, the
580:

+ will have received a minimum of 40 hours of hazardous
waste site investigation health and safety training, be
a participant in the medical surveillance program and be
- certified to perform first aid/CPR,

+  will maintain a field logbook. Information recorded in
_ the logbook will include such items as working hours,
names of people entering and leaving the Site,
- instrument status, background readings, action levels
reached or exceeded, and other information relevant to

health and safety at the Site, and

* will maintain a list of addresses and telephone numbers
— of emergency assistance units (ambulance service,
police, and hospitals), and will inform other members of
the field team of the existence and location of this
list.

1.2 Project Communicatjions

Golder Associates Inc.
N 1809 North Mill Street, Suite C
— Naperville, Illinois 60563
Naperville Office Telephone: (708) 357-2066

Federal Agency Representative:
Richard Boice
U.S. EPA, Region V
- 230 South Dearborn
Chicago, Illinois 60604
Telephone: (312) 886-4740

State Agency Representative:
Julia Carter
Illinois EPA
2200 Churchill Road
Springfield, Illinois 62706
Telephone: (217) 785-7491

Golder Associates
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County:
Lake County Emergency Service and Disaster Agency
Telephone: (708) 680-7735

1.3 Personnel Training and Awareness

1.3.1 OSHA Required Training

All Golder Associates and subcontractor personnel involved in
the field activities are required to be trained (in accordance
with the training requirements specified in 29 CFR 1910.120e)
and have baseline medical physicals including determination of
serum PCB level as specified in 29 CFR Part 1910 (OSHA
Regulations). They are also required to become familiar with
and conform to the provisions of this plan.

All Golder Associates and subcontractor personnel who will be
working on site will be required to participate in a minimum of
one to four hours of site-specific training and a weekly health
and safety update meeting.

1.3.2 First Aid Training

The Golder Associates Site Safety Officer should be immediately
advised of any situation requiring more than minor first aid.
A first aid kit shall be maintained in each of the Golder field
vehicles and supplies shall be replenished by the 5SSO0 as
needed. Personnel aware of accidents or injuries shall take
immediate action to ensure that appropriate first aid is
administered and report the incident to the S50. The 550 will
be trained in first aid/CPR.

1.4 General Guidelines

The following personal hygiene and work procedures guidelines
are intended to prevent injuries and adverse health effects.

Golder Associates
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These practices establish general precautionary measures for
reducing the risks associated with potentially hazardous work
at site operations.

« Eating, drinking, chewing gqum or tobacco, taking
medications, and smoking are prohibited in the work
zone.

+ Avoid direct contact with potentially contaminated
substances; to the extent possible do not walk through
puddles, poecls and mud; avoid kneeling, leaning, or
sitting on the ground, drums or other working equipment.
Do not place monitoring or sampling equipment on
potentially contaminated surfaces.

+ Be alert to potentially changing exposure conditions,
including changes in wind direction, perceptible odors,
unusual appearances of excavated solls, etc.

. Be alert to fatigue, heat stress and other environmental
factors influencing the normal caution and efficiency of
personnel.

. On-site personnel shall establish prearranged hand
signals or other means of emergency communication when
wearing respiratory egquipment, since this equipment
seriously impairs speech communications.

« Always use an appropriate level of personal protective
gear. Lesser levels can result in unnecessary exposure;
excessive levels of safety eguipment can impair
efficiency and increase the potential for accidents to
occur.

1.5 Site Safety Meeting

Site safety orientation/training meetings (briefings) must be
convened (1) before the field team begins work at the Site; (2)
when there are modifications to the Site Health and Safety Plan
that are applicable to the field personnel; and (3) when
additional personnel or subcontractors begin field work.
Meetings will be attended by personnel involved in carrying out
the project and will be presided over by the SSO or his/her
designee.

Golder Associates
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The meeting agenda must include the following minimum
activities:

+ Review the Site Health and Safety Plan with the
attendees.

+ Distribute any Site Health and Safety Plan
modifications.

+ Collect the attendees' signatures acknowledging receipt
and understanding of the Site Health and Safety Plan and
their agreement to comply (Compliance Agreement,
Attachment I).

A copy of the signed Compliance Agreement will be filed in the
project files.

Golder Associates
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2.0 POTENTIAL HAZARDS

Available data for the Site indicate that potential chemical
hazards are present in the form of source material,
contaminated surface water, groundwater, soil, and possibly
gases emanating from the landfills. Table D-1 summarizes the
available analytical data for the various environmental media.
Detailed information on the characteristics and health effects
for the target chemicals identified during previous sampling
efforts are included in Attachment TII. Other hazards and
conditions that may be present during field investigations
include heat and noise.

2.1 Contaminated Surface Water and Groundwater

Volatile organic constituents (VOCs) , semi-volatiles,
pesticides, and PCB compounds have been documented in the
groundwater, sediment, and surface water samples at the Yeoman
Creek Landfill. Some of these compounds pose potential
respiratory and/or dermal threats. Although it is anticipated
that the concentrations encountered during non-intrusive field
activities should not exceed those detected previously,
contingency plans have been made in the event that greater

concentrations are encountered.

2.2 Contaminated Sediments

All sediments associated with Yeoman Creek and landfill seeps
are considered potentially contaminated. Previous sediment
sample analyses have detected low ppm concentrations of
polynuclear aromatic hydrocarbons (PAHs), pesticides, and PCB
compounds ({see Table D-1). Sediment contaminants pose a
potential dermal hazard. Protective clothing use will
eliminate or minimize the potential for exposure to chemical
contamination during sediment sampling activities.

Golder Associates
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2.3 Contaminated Soil

Little information is available about contaminants in soil on
and around the Site. Soil samples collected by Warzyn from the
baseball fields at the Edwards' Field Landfill showed low
concentrations of pesticides and PAHs probably related to lawn
care activities. The potential for exposure to compounds in
the existing soil will be minimized by appropriate protective
clothing. If visible airborne dust exists, or if the humidity
is extremely low and ambient conditions are very dry,
respiratory protection may be required.

2.4 Landfill Gases

Little information is available regarding the types of gases
actually present at the Site. If methane, volatile organic
compounds, or toxic gases such as H,5 and HCN are present in
the landfill, they may pose a hazard if landfill intrusive
activities are conducted. Air monitoring will be conducted and
respiratory protection may be required during these activities.
The compounds listed below represent chemicals that may be
present in landfill gas. These chemicals were chosen as
markers on the basis of the previous Illinois EPA site
investigation and their tendency to be encountered in
landfills.

Chemical TLV (ppm) IDLH (ppm) Health Effects

Methane NA NA Inert asphyxiant.
Displaces oxygen.
Primarily a
combustion
hazard.

H,5 10-8 hr. TWA 300 Chemical
asphyxiant.
Prevents
utilization of
oxygen.
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Chemical TLV (ppm} IDLH (ppm) Health Effects

HCN 10-ceiling 50 Chemical
asphyxiant.
Prevents
utilization of
oxygen.

Benzene 0.1°-8 hr. TWA NA Carcinogen -

causes leukemia.
Central nervous
system toxin.

Vinyl 5-8 hr. TWA NA Carcinogen -
Chloride causes liver
angiosarcoma.

Liver Toxin.
Central nervous
system toxin.

Methylene 50-8 hr. TWA NA Carcinogen.
Chloride Central nervous
system toxin.

"Intended change 1990-91

2.5 Landfill Wastes and Leachate

Waste exposed by site activities, if contacted, could pose a
potential dermal, respiratory, and physical threat.
Consequently, dermal protection and air monitoring will be
required during activities in which contact with waste or
leachate is a possibility.

Previous leachate sample analyses have detected toluene,
dichlorobenzene, and xylenes in significant concentrations.
PAHs and PCBs were also detected (see Table D-1). Leachate may
be encountered during the field investigation. Exposure to
potential dermal and respiratory hazards will be minimized
through the use of protective clothing, air monitoring, and

respiratory protection, if necessary.
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2.6 Heat

If site activities conducted during the summer months require
the use of Tyvek coveralls and/or respirators, certain
precautions will be required to reduce the likelihood of heat
fatigue, heat exhaustion, and heat stroke. Heat stroke, in
particular, is a life threatening condition. All employees
must be alert to the symptoms of heat exhaustion, which include
extreme fatigue, cramps, dizziness, headache, nausea, profuse
sweating, and pale clammy skin.

The following are recommended minimum breaks for work performed
in protective clothing during hot weather.

Temperature Work Rest Comments
70 to 75 F 3 hours 5 mins Review heat stress in a
safety meeting.

Schedule a beverage
break every 2 hours at
a minimum.

75 to 80 F 3 hours 15 mins Seated rest. Drink at
least 8 ounces at each
break. Monitor daily

body weight changes.
Have at least 10
instant ice packs or
bags of ice in first

aid kit.

80 to 85 F 2 hrs 10 mins As above, but rest area
to be shaded. Take
pulse before work, at
beginning of lunch
break and at end of
day.

85 to 90 F 90 mins 10 mins As above, and try to
provide a shaded work
area. More frequent

breaks may be reguired.
above 90 F 90 mins 10 mins As above. Try to

reschedule work to
avoid mid-day heat.

Golder Associates
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2.7 Heavy Machinery and Noise

Heavy machinery will be on site during drilling activities and
particular care must be maintained to avoid accidents. The
hazard is increased if personal protective gear that reduces
mobility is required.

Drilling rigs and other heavy machinery may produce high noise
levels. Hearing protection is required in the drillers'
position near drill rigs or when in the immediate vicinity of
other types of heavy equipment. In addition, hearing
protection shall be provided at any time upon request. The
effect of occupational exposure to noise is monitored by the
Golder Associates' medical surveillance program. The program
includes a baseline audiogram and regular audiologic
examinations.

Many opportunities for accidents exist while working near
drilling rigs. Site personnel should be aware of general
hazards that include:

+ falling objects or swinging objects suspended from
winches;

+ drilling hardware breaking and flying free, especially
while the rig is operating near its limit;

+ exploding hoses;

+ slips, trips, and falls on drilling equipment (e.g.,
augers, etc.).

Each drilling rig and drilling method presents different
specific hazards. Drilling rig and drilling method specific
hazards will be discussed in the site safety meeting prior to
initiating work and/or when a new method or drilling rig will
be used at the Site.

Golder Associates
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3.0 SITE MONITORING AND ACTION LEVELS

3.1 Air Monitoring Procedures and Action Levels for
Respiratory Protection

During activities in which atmospheric monitoring is required,
an explosive gas meter, a photoionization detector (PID), and
colorimetric tubes will be used. Methane is detected with an
explosive gas meter and most potentially hazardous volatile
organic compounds are readily detectable with a PID instrument
equipped with a 10.2 to 10.6 eV lamp. In addition, H,S and HCN
will be monitored with an MSA 361 and colorimetric tubes,
respectively.

Direct reading air monitoring instruments will be calibrated
daily. Procedures for calibration of the air monitoring
instruments are provided in the QAPP, Appendix C, Volume III of
the Work Flan.

The frequency for conducting air monitoring is task specific
and is indicated in Section 7.0, Task Specific Safety
Requirements.

Intrinsically safe instruments will not be required at the Site
during activities in which explosive gases may be encountered
because personnel performing these activities will not be
restricted to confined areas where explosive mixtures of gases
could collect. In addition, the action limit for work stoppage
and evacuation is an explosive gas concentration of 25 percent
of the Lower Explosive Limit (LEL). This action level along
with the fact that these activities will be conducted in a
large open field will provide appropriate protection against an
explosion hazard.

Golder Associates
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3.2 Action levels

Respirators will be donned if a PID monitoring instrument
calibrated to 100 ppm isobutylene shows:

. an instantaneocus peak level that exceeds 25 ppm at the
borehole; or

+ any reading averaged over a 3.75 minute period that
exceeds 10 ppm at the borehole; or

. an instantaneous peak level that exceeds 5 ppm in the
breathing zone; or

. any reading averaged over a 3.75 minute period that
exceeds background in the breathing zone (measured for
a similar 3.75 minute period).

Respirators may be removed once air monitoring indicates
respiratory protection is no longer necessary (i.e., the action
levels are no longer exceeded).

The work area will be evacuated if any reading averaged over a
3.75 minute period exceeds 5 ppm or any instantaneous peak
reading exceeds 15 ppm in the breathing zone.

An MSA 361 combustible gas indicator will be used to monitor
for methane, other combustible gases, and hydrogen sulfide. If
hydrogen sulfide concentrations exceed 10 ppm in the
breathing zone, the work area will be evacuated. The alarm
for hydrogen sulfide on the MSA 361 will be set for a maximum
of 20 ppm. Work will also be suspended if a combustible gas
meter reading greater than 25 percent of the LEL is obtained in
the work zone or in the borehole. The MSA 361 will also
monitor oxygen levels because combustible gas readings become

less reliable if oxygen levels are less than about 19 percent.

If the action levels for donning respirators are exceeded, in
addition to donning respirators, monitoring will be conducted
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for hydrogen cyanide with colorimetric tubes at the borehole.
If a level of hydrogen cyanide in excess of 10 ppm is measured,
the work area will be evacuated. If hydrogen cyanide is
detected in concentrations less than 10 ppm, employees will be
alerted to the characteristic odor and the possible presence of
hydrogen cyanide and monitoring will be performed at 15 minute
intervals or more frequently if there is any evidence that
conditions have changed. If the measurement does not indicate
the presence of hydrogen cyanide, monitoring will be
discontinued at this location. Monitoring for hydrogen cyanide
will resume if there is reason to believe that the amount or
type of landfill gases present have changed (e.g., other
monitoring shows increasing levels of landfill gases or there

is reason to believe that the gas constituents are different).

If the action levels for evacuation of the work area are
exceeded, work will be suspended in the immediate vicinity of
the borehole for 5 minutes in order to allow the excavation to
vent. After the 5 minute venting period, air in the breathing
zone will be monitored by a Golder Associates field supervisor
wearing a respirator by approaching the hole from the upwind
direction. If the PID and the CGI indicate that organic vapor
concentrations and combustible gas levels are less than the
action levels, work will continue; otherwise, the hole will be
allowed to continue to vent for 5 additional minutes and the
process will be repeated.

If air monitoring results in the breathing zone continue to
exceed the evacuation action limits, supplied air may be used.
Supplied air will be used if a PID monitoring instrument
calibrated to 100 ppm isobutylene shows:

+ any reading averaged over a 3.75 minute period that
exceeds 5 ppm in the breathing zone or

- an instantaneous peak level that exceeds 15 ppm in the
breathing zone.
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Supplied air will also be used if an MSA 361 monhitoring
instrument measuring hydrogen sulfide in the breathing zone
shows:

» a reading averaged over 15 minutes that exceeds 15 ppm or

« an instantaneous reading exceeds 25 ppm.

Supplied air may be discontinued once air monitoring indicates
that action 1levels for supplied air are no 1longer in
exceedance.

During intrusive activities (i.e., perimeter monitoring well
installation, landfill gas probe installation, leachate well
installation, landfill cap investigation, and waste delineation
investigation), air monitoring for explosive gases, volatile
organics, and hydrogen sulfide and c¢yanide will alsoc be
conducted downwind of the boring. Air monitoring will be
conducted in the downwind direction, between the boring and the
perimeter of the Site. 1Intrusive activities will be stopped
temporarily to allow the boring to vent if air monitoring
shows:

+ an instantaneous peak level that exceeds 5 ppm; or

- any reading averaged over a 3.75 minute period that
exceeds background (measured for a similar 3.75 minute
period); or

+ any hydrogen sulfide reading that exceeds 10 ppm; or

» any hydrogen cyanide reading that exceeds 10 ppm; or

+ any combustible gas meter reading that is greater than 25
percent LEL.

If the Site Safety Officer determines that a hazard exists due
to airborne dust, respirators will be donned by field
personnel.
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If significant levels of benzene, lead, and/or vinyl chloride
are identified at the Site, requirements in OSHA expanded
standards for vinyl chloride (29 CFR 1910. 1017), benzene (29
CFR 1910. 1028), and lead (29 CFR 1910. 1025) will be reviewed
and complied with as relevant.

Golder Associates
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4.0 PERSONAL PROTECTIVE EQU ENT

The levels of protection required at the Site may range from
Level B-2 through D-3. Figure D-1 provides descriptions of
protective equipment levels. The alphabet letters ("B", "“C"
and "D") refer to respiratory protection. Level B includes
supplied air and Level C includes respiratory protection while
Level D is used when there is no respiratory hazard. The
numeric designations 1, 2 and 3 refer to dermal protection.
Level 1 provides the highest dermal protection. The various
levels of protection which may be required are described below.
The protection levels specific to each work task are specified
in Section 7.0.

4.1 Level B-2

Level B-2 protection is required when a potential respiratory
and skin contact hazard exists and includes the following
equipment:

1. Full face respirator and supplied air (either a SCBA or
airline).

2. One piece chemical resistant tyvek (woven fabric) or
chemical resistant splash suit (if a splash hazard
exists) taped to both the rubber safety boots and
gloves.

3. Neoprene gloves - outer (chemical protective).

4. Latex gloves - inner (chemical resistent).

5. Cloth coveralls (long pants and long shirt sleeves).

6. Safety glasses or goggles.

7. Hard hat (face shield if splash hazard exists).

8. Boots (steel toed, chemical protective).

9. Outer disposable boots when required by the SSO.

Goider Associates
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4.2 Level C-2 and C-3

Level C-2 protection is required when a potential respiratory
and skin contact hazard exists and includes the following
equipment:

1. Half face or full face air-purifying respirator with
organic vapor, acid gas, and dust filter cartridges
(OSHA/NIOSH approved).

2. One piece chemical resistant tyvek (woven fabric) or
chemical-resistant splash suit (if a splash hazard

exists) taped to both the rubber safety boots and
gloves.

3. Neoprene gloves = outer (chemical protective).

4. Latex gloves - inner (chemical resistant).

5. Cloth coveralls (long pants and long shirt sleeves).
6. Safety glasses or gogdles.

7. Hard hat (face shield if splash hazard exists).

8. Boots (steel toed, chemical protective).

9. Outer disposable boots when required by the SSO.

Level C-3 is identical to Level C-2 except that tyvek coveralls
and chemical resistant gloves are not required.

4.3 Level D-2

Level D-2 is to be used when there is no apparent respiratory
hazard, but a potential skin contact hazard exists. It
includes the following equipment:

1. One piece chemical resistant tyvek (woven fabric) or
chemical~resistant splash suit (if a splash hazard
exists) over cloth coveralls (long pants and long shirt
sleeves) taped to both the rubber safety boots and
gloves.
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2. Neoprene gloves - outer (chemical protective).
3. Latex gloves - inner (chemical resistant).
4, Safety glasses or goggles.

_ 5. Hard hat (face shield if splash hazard exists).
6. Boots (steel toed, chemical protective).

- 7. Outer disposable boots when required by the SSO.
- 4.4 Level D=3

This is the basic work uniform and should be worn only when
operations are assessed as presenting no significant potential
chemical hazards to personnel. It includes the following
equipment.

- 1. Cloth coveralls (long pants and long shirt sleeves).
2. Safety glasses or goggles.

3. Hard hat.

4. Boots/shoes (steel toed, safety type).

5. Gloves.
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5.0 ADDITIONAL SAFETY EQU NT

5.1 Fire Extingquisher

A multipurpose dry chemical fire extinguisher shall be located
within each Golder field vehicle. The SSO should be notified
of any usage and shall arrange for recharging spent
extinguishers.

5.2 Additional Safety Equipment

The following safety equipment will be available at the work
site:

+ Ear plugs, disposable;

s+ Medi-flush eyewash station - located within 100 feet of
the work area when a splash hazard exists and accessible
within 10 seconds;

. First aid kit;
. Barricades and/or barrier tape;
. Dust masks; and

+ Hip boots.
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6.0 ESTABLISHMENT OF SAFETY Z0NES AND ACCESS CONTROL

Access will be controlled within 50 feet of a borehole, soil
excavation, well, or decontamination facility when drilling,
testing, monitoring, or sampling is occurring. Personnel not
authorized by the Golder Associates' SSO will be restricted
from entry into the controlled work zone.

When potentially contaminated areas are investigated or soil
sampling, monitoring well installation, testing, monitoring and
sampling are occurring, safety zones will be established around
the work zone as follows:

1. The Contamination (exclusion) Zone Wwill be the
area within 10 to 25 feet around a monitoring well,
drilled borehole or excavation.

2. The Decontamination (contamination reduction) Zone will
be the area from the perimeter of the contamination zone
to 50 feet around a monitoring well, drilled borehole or
excavation, and within 50 feet of a centralized
decontamination facility.

3. The Clean (support) Zone will be the area beyond 50 feet

of a monitoring well, drilled borehole or excavation.

Visitors authorized to be on site will not be allowed within
the Decontamination and Contamination Zones unless they comply
with the safety requirements of this plan.
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7.0 TASK SPECIFIC SAFETY REQUIREMENTS

Task specific health and safety requirements are described in
the following sections. The Field Sampling Plan, Appendix B,
Volume II, describes the activities that will be performed
during the field investigation. Unless otherwise specified,
action levels as described in Section 3.2 shall be followed for
all work tasks. The following table outlines the frequency of
air monitoring to be followed during work activities.

equency of Air Monitorin

Other
Initially 15 30 60 (see

Activities Continuous min. min. min. (note)
Waste Delineation X X X
Seep and Sediment

Sampling X X X
Landfill Gas Probe

Installation X X X
LNAPL Investigation X X X
Drilling and Monitoring

Well Installation,

Testing, and Sampling X X X
Landfill Cover

Characterization X X X
Seep Mapping and

Drainage Determination X X
Biota Survey and Wetland

Investigation X
Surface Water Sampling X X X
Soil Sampling X X X
Gas Monitoring X
Leachate Well Installation

and Sampling X X X
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NOTE: 1If consecutive air monitoring results at a given field
activity location (e.g., borehole, soil sampling
location) indicate stable conditions with concentrations
below the action 1levels, air monitoring will be
conducted at unspecified intervals or when a change in
condition occurs (i.e., presence of odors or visible
evidence of contamination).

7.1 Waste Delineation

Waste delineation drilling may involve direct contact with
landfill wastes. The potential for dermal contact with liquid
or solid phase contaminants exists. Vapor phase volatile
organics or toxic gases such as H,S and HCN may also be
encountered. Air monitoring for organic vapors and combustible
gases shall be performed with a PID and MSA 361. The MSA 361
shall be used to monitor for H,S gas. Colorimetric detector
tubes shall be used to monitor for HCN gas. Initial personal
protective gear requirements are Level D-2. A ribbon tape wind
direction indicator shall be 1located in view of fielad
personnel.

7.2 Seep and Associated Sediment Sampling

Seep and associated sediment sampling may require field
personnel to stand in shallow standing water or water saturated
soil. Personal protective gear requirements are Level D-2.
Air monitoring for organics will be conducted with a PID and
MSA 361 or equivalent combustible gas indicator.

7.3 Landfill Gas Probe Installation, Monitoring, and Sampling

During gas probe installation, personal protective gear levels
shall be D-2. Air monitoring for organics shall be conducted
with a PID and MSA 361. The MSA 361 shall be used to monitor
for H,S and colorimetric detector tubes will be used to monitor
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for HCN. A ribbon tape wind direction indicator shall be
located in view of field personnel.

During gas probe monitoring and sampling, Level D-3 personal
protective gear shall be required and air monitoring action

levels (see Section 3.2) will be followed.

7.4 INAPL Investigation at Replacement Leachate Wells

Previous sampling efforts at existing IEPA leachate well L307
have indicated a floating oil layer on the leachate. O0il may
be present in the replacement leachate monitoring well at L307
or other locations. Well sampling and development activities
shall be conducted in Level D-2 personal protective gear. A
PID and MSA 361 combustible gas indicator shall be used to
monitor for organic vapors and combustible gases. H,S will be
monitored with the MSA 361 and colorimetric detector tubes will
be used to monitor for HCN. A ribbon tape wind direction
indicator shall be located in view of field personnel.

7.5 Drilling and Monitoring Well Installation, Testing,
Monitoring and Sampling

Since many of the new wells may be located in potentially
contaminated areas of the Site, Level D-2 persocnal protective
gear and atmospheric monitoring with a PID instrument, an MSA
361 explosive gas meter or equivalent, and colorimetric tubes
will be required for personnel inveolved in the drilling,
testing, monitoring, or sampling of wells. A ribbon tape wind
direction indicator shall be located in view of field
personnel.
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7.6 Landfill Cover Characterization

During soil sampling of landfill cover material, field
personnel shall use Level D-2 perscnal protective gear. The
PID and MSA 361 or equivalent shall be used to monitor for
explosive gases and organic vapors. The MSA 361 shall also be
used to monitor for H,S. A ribbon tape wind direction
indicator shall be located in view of field personnel.

7.7 Seep Mapping and Drainage Determination

This task involves walking through the Site and noting the
location of seeps and drainage routes. No intrusive activities
will be conducted as part of this task. Level D~3 personal
protective gear shall be worn and an OVM will be used to
monitor the air at seeps.

7.8 Biota Survey and Wetland Investigation

These tasks involve site walkovers and should not require
landfill intrusive activities. Personal protective gear shall
be Level D-3. Air monitoring shall be conducted only if the
8S0 deems such monitoring necessary.

7.9 Surface Water Sampling

During sampling of surface water in Yeoman Creek within the
perimeter fence, contact with potentially contaminated water
or sediment may occur. Level D-2 personal protective gear (hip
boots shall be used if water depths are greater than 1.0 foot)
and atmospheric monitoring with a PID and MSA 361 or equivalent
will be required.
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7.10 Soil Sampling

During scil sampling activities, Level D-2 protection will be
required as described above, except that Level C protection may
be used (upon the discretion of the SSO) if visible airborne
dust exists. A PID shall be used for general ambient air
screening during surface scoil sampling activities.

7.11 Gas Monitoring

This task involves measuring concentrations of volatile
organics and combustible gases in ambient air at grid node
locations on the Site and possibly entering buildings in the
vicinity of the Site to cbtain ambient air measurements from
the basements. Both ambient air monitoring on the landfill and
gas monitoring in building basements will be conducted in level
D-3 protective gear.

7.12 Leachate Well Installation and Sampling

This task involves drilling six borings into the Yeoman Creek
and Edwards' Field Landfills and subsequently installing
leachate monitoring wells. Borings will be drilled through the
landfill covers and into waste to depths between 15 and 20 feet
using hollow stem auger methods. Drilling borings for leachate
wells may require direct contact with landfill wastes. The
potential for dermal contact with liquid or seolid phase
contaminants exists. Vapor phase organics or toxic gases such
as H,S and HCN may also be encountered. Air monitoring for
organic vapors and combustible gases shall be performed with a
PID and MSA 361. The MSA 361 shall also be used to monitor for
H,S gas. Colorimetric tubes shall be used to monitor for HCN
gas. Initial personal protective gear requirements are Level
D-2 including splash suits. A ribbon tape wind direction
indicator shall be located in view of field personnel.
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During drilling and well installation activities, air
monitoring will be conducted at the borehole (top of the hollow
stems) and in the drillers' breathing zone. While sampling
leachate and taking leachate levels, air monitoring will be
conducted in the breathing 2zone and at the well riser.
Respirators or supplied air may be required depending on the
results of air monitoring.
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8.0 DECONTAMINATION PROCEDURES

Decontamination activities will be conducted within the
Contamination (exclusion) and Decontamination (contamination
reduction) Zones as specified below. The equipment
decontamination area for vehicles and drilling rigs at both the
Edwards' Field Landfill and the Yeoman Creek Landfill will be
covered with a layer of gravel or aggregate.

8.1 Egquipment Decontamination

Drilling equipment and soil, water or sediment sampling
equipment are to be decontaminated within the boundaries of the
Decontamination Zone at each work site. Decontamination shall
be in accordance with procedures defined in the Field Sampling
Plan (Appendix B, Volume II).

8.2 Personnel Decontamination

Decontamination will be conducted 1in steps along a
contamination reduction corridor. A typical decontamination
layout for Level C protection along a corridor is illustrated
in Figure D-2. After working in lower levels of dermal
protective equipment (i.e., Level B or C), personnel will
remove protective equipment and clothing in the following
order:

outer protective gloves (if applicable);

+ tyvek or saranex suit:;

any respiratory protection;

+ inner protective gloves.

Before removing rubber boots, they will be washed off in a tub

of soapy water and rinsed in at tub of clean water.

Golder Associates



July 1991 D-28 893-8026

Fewer steps would be required for Level D protective equipment,
Disposable personal protective equipment (i.e., gloves, tyveks,
saranex suits) that are not grossly contaminated will be
decontaminated with soapy water and rinsed in clean water in
the decontamination zone and temporarily stored in the secure
storage area for subsequent disposal as general refuse. If any
grossly contaminated personal ©protective equipment is
generated, it will be drummed and stored in the secure storage
compound at the respective landfill as discussed in the Field
Sampling Plan, Appendix B, Volume II. Prior to entering the
Clean Zone, all disposable personal safety equipment must be
removed and decontaminated in the Decontamination Zone.
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9.0 CONTINGENCY AND EMERGENCY RESPONSE PLANS

9.1 Emerdency Procedures

The following contingency plans have been developed to deal
with major incidents that might occur during field activities.
Golder employees and subcontractors should familiarize
themselves with the location of the nearest phone and the
designated medical facilities. The location of the St. Therese
Hospital is shown on Figure D~3, together with the shortest
route from the Site to the hospital. The route is as follows:

1. Take Lewis Ave south to Washington St.
2. Turn right (west) ontc Washington St.

3. Travel west on Washington St. approximately 6 blocks to
St. Therese Hospital.

A copy of the "List of Emergency Telephone Numbers"
(Section 9.6), is to be posted adjacent to the nearest phone.
Contingency response plans will be reviewed with on-site
personnel weekly to promote timely implementation of the
contingency plan should one of the events described in the
following section occur.

9.2 Medical Emergency Response Plan

Should any person visiting or working at the Site be injured or
become ill, notify the SSO and initiate the following emergency
response plan:

Note: The anticipated nature of chemical contamination on this
project does not present an immediate threat to human
health. Other than removal of outer garments and gross
contamination, immediate emergency treatment of injuries
should take precedence over rigorous personal
decontamination.
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If able, the injured person should proceed to the
nearest available source of first aid. Remove soiled
outer garments and if necessary, wash the injured area
with soap and water.

If the injury involves foreign material in the eyes,
immediately flush the eyes with emergency eye wash
solution, and rinse with copious amounts of water at the
nearest emergency eye wash station. Obtain or
administer first aid as required. If further medical
treatment is required, seek medical assistance as
discussed below.

If the victim is unable to walk, but is conscious and
there is no evidence of spinal injury, escort or
transport the injured person to the nearest first aid
facility. If the victim cannot be moved without causing
further injury, such as in the case of a severe compound
fracture, take necessary emergency steps to control
bleeding and immediately call for medical assistance as
discussed below.

If the victim is unconscious or unable to move, Do Not
Move The Injured person Unless Absolutely Necessary to
Save His Or Her Life, until the nature of the injury has
been determined.

If there is any evidence of spinal injury, do not move
the wvictim. Administer CPR if the victim is not
breathing, control severe bleeding and immediately
contact the 8St. T ese Hospital Emergenc Room

(708/249-3900) and advise them of the situation.
Otherwise seek medical assistance as discussed below.

If further medical treatment is required and

The injury is not severe, contact the St. Therese
Hospital and take the injured party to the hospital by
private automobile.

The injury is severe, immediately call paramedics
(708/623-2121}. In the interim, call the St. Therese
Hospital Emergency Room and advise them of the
situation.

The SSO0 will accompany the injured person to the
hospital to ensure prompt and proper medical attention.
After proper medical treatment has been obtained, the
S$S0 should notify the Health and Safety Officer and
prepare a written report.
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9.3 Fire and Explosions

Prior to initiating field work at the Site, the local fire
company will be informed of the contaminants that may be
present at the Site to facilitate their response to an
emergency situation at the Site. 1In the event of a fire or
explosion:

1. If the situation is readily controllable with available
resources, take immediate action to do so. If not:

2. Clear the area of personnel working in the immediate
vicinity.

3. Immediately notify the designated SSO.

The designated SSO will initiate the following steps or
procedures:

1. Make an initial assessment to determine whether the
situation is controllable.

2. If the situation is controllable, dispatch fire
fighting equipment to the Site of the fire and take
immediate action.

3. If not controllable immediately, notify the local Fire
Department (dial 708/623-2121) and evacuate all
nonessential personnel from the Site.

4, Notify the Project Health and Safety Officer.

5. Notify the U.5. EPA RPM.

Under the direction of the designated SSO immediate action of
the response personnel involves:

1. Isolating the fire to prevent spreading if possible.

2. Attempting to put the fire out using methods compatible
with the burning material.
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Golder personnel will remain at the scene of the fire until the
local fire department arrives. Once professional fire fighting
personnel have arrived, Golder personnel will remain at the
disposal of the battalion chief. The Health and Safety Officer
will function as liaison between response personnel in the
incident.

9.4 Accident/Incident Reports

A health and safety incident report shall be prepared if
incidents such as the following occur:

+ Illness;

+  Injury;

+ Fire, explosion;

» Vehicular accident;

+ Property damage;

« Unexpected exposure; or

+ Health and safety infraction.

The report will provide a description of the incident, its
possible cause, individuals involved, witnesses, and emergency
or corrective actions taken. The report will be delivered to
the Corporate Health and Safety Officer within one day if the
incident involves medical treatment and five days for other
incidents.

9.5 Unforseen Circumstances
The Health and Safety procedures specified in this plan are
based on available data which suggest minimal potential for

worker exposure to significant levels of hazardous substances.
Should substantially higher levels of contamination be

Golder Associales



July 1991 D=-33 893-8026

encountered in the soil or groundwater, or should situations
arise which are obviously beyond the scope of the monitoring,
respiratory protection and decontamination procedures
specified, work activities shall be modified or, if necessary
halted pending discussion with the Golder Associates Health and
Safety Officer and implementation of appropriate protective

measures.

9.6 List of Emergency Telephone Numbers

Police and Fire Department (708) 623-2121
Hospital:

St. Therese Hospital, (708) 249-3900

2615 Washington,
Waukegan, Illinois

Ambulance:
Ambulance Service (708) 623-2121

Lake County Emergency Service and

Disaster Agency: (708) 680-7735
24 hr number (708) 680-3550
EPA Emergency Response:

Region V Response (201) 321-6660
Regional Office (Richard Boice) (312) 886-4740
IEPA:

Project Manager - Julia Carter (217) 785-7491

Project Health and Safety:
Joseph Miller {(708) 357-2066

(26010912.WP1/cap)
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TABLE D-1

SAMPLE ANALYSIS, YEOMAN CREEK LANDFILL, WAUKEGAN, [LLINOIS
— ORGANIC COMPOUNDS DETECTED IN SAMPLE MEDIA

SAMPLED MEDIA STREAM
LEACHATE  GROUNDWATER WATER SEDIMENT
- (MG/L) (MG/L) (UG/L) (MG/XG)

....................................................................................

METHYLENE CHLORIDE .- U --- 0.102-0.135
TOLUENE 0.65-1.7 u --- 0.046
TETRACHLOROETHENE - u --- 0.06032
CHLOROBENZENE - u --- 0.0054

—_— DICHLOROBENZENE 0.11-1% U --- ---
TETRACHLOROBEKZENE - u - 0.003
STYRENE .- u m.e 0.0078
XYLENES (TOTAL) 0.28-470 U - 0.0067

SEMI-VOLATILE
- ORGANIC COMPOUNDS

— PHENANTHRENE - ma- --- 0.755-1.380
ANTHRACENE - . .- 0.421
DI-N-BUTYL PHTHALATE .- .- --- 1.530-3.430
FLUORANTHENE .- .. .- 0.265-4.020

— PYRENE .- -.a --- 0.494-1.580
BUTYL BENZYL PHTHALATE - .- .- 0.355
CHRYSENE - a-- --- 0.3463-1.060
BENZO (A) ANTHRACENE seu --- --- 0.614
BIS (2-ETHYL HEXYL) PHTHALATE .- .- .- 0.189-2.280

— DI-N-OCTYL PHTHALATE --- .-~ .- 0.377
BENZO (B & K) FLUCRANTHEME .- wan --- 0.246-1.460
BENZO (A) PYRENE waa .- --- 0.61-1.12
INDENO (123-CD) PYRENE --- --- .- 0.581

- NAPHTHALENE 0.02-0.1%
METHYLNAPHTHALENE 0.065-0.28
DIMETHYLNAPHTHALENE 0.15

- PESTICIDE AND PCB COMPCUNDS

T

BETA-BHC .- --- .- 0.39
DELTA-BHC - --- - 0.02-2.01

—_ 4, &'-DDE .ea --- --- 0.018-0.112
4, 4'-DDT - .- .-- .16
PCB 0.087-150 «0.0001-0.0023 <0.1-23 0.763-2.620
NOTES:

=== NO INFORMATION AVAILABLE.
U INDICATES ANALYTE RESULT IS LESS THAN THE INSTRUMENT DETECTION LIMIT.

(26011429, wp1/emp)
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Category 3

Category 2

Category 1

Level D Hard Hat
Safety Glasses
Safety Boots

Cloth Coveralls

Work Gloves

Hard Hat

Safety Glasses

Rubber Safety Boots
Quter Disposable Boots
Cloth Coveralls

Tyvek Coveralls

Latex Inner Gloves
Neoprene Outer Gloves

Hard Hat
Safety Glasses

Inner Rubber Safety Boots
Quter Disposable Boots
Cloth Coveralls

Tyvek Inner Coveralls
Saranex Quter Coveralis

Latex Inmner Gloves
Neoprene Outer Gloves

Level C Hard Hat
Safety Glasses
Safety Boots

Cloth Coveralls

Work Gloves

Air Purifying Respirator

Hard Hat

Safety Glasses

Rubber Safety Boots
Outer Disposable Boots
Cloth Coveralls

Tyvek Coveralls

Latex Inner Gloves
Neoprene Outer Gloves

Air Purifying Respirator

Hard Hat

Safety Glasses

Inner Rubber Safety Boots
Quter Disposable Boots
Cloth Coveralls

Tyvek Inner Coveralls
Saranex Quter Coveralls
Latex Inner Gloves
Neoprene Quter Gloves

Air Purifying Respirator

Level B Hard Hat
Safety Glasses
Safety Boots

Cloth Coveralls

Work Gloves

Supplied Air Respirator

Hard Hat

Safety Glasses

Rubber Safety Boots
Outer Disposable Boots
Cloth Coveralls

Tyvek Coveralls

Latex Inner Giloves
Neoprene Quter Gloves

Supplied Air Respirator

Hard Hat

Safety Glasses

Inner Rubber Safety Boots
Quter Disposable Boots
Cloth Coveralls

Tyvek Inner Coveralls
Saranex Quter Coveralls
Latex Inner Gloves
Neoprene Outer Gloves

Supplied Air Respirator

INCREASING RESPIRATORY PROTECTION

INCREASING DERMAL PROTECTION
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Decontamination Layout
Level C Protection

EXCLUSION
ZONE

800T COVER
AND OQUTER
GLOVE — REMOVAL

B800T COVER
AND GLOVE
WASH AND RINSE

SEGREGATED

3
] TAPE

EQUIPMENT
DROP

@ 1

X
SUIT AND

SAFETY BOOT
WASH AND RINSE

CANISTER OR
MASK CHANGE

REMOVAL
X

SAFETY BOOT
AND SPLASH
SUIT — REMOVAL

CONTAMINATION
REDUCTION
ZONE

INNER GLOVE
WASH AND RINSE

FACE PIECE
REMOVAL

INNER GLOVE
AND INNER
CLOTHING
REMOVAL

X X —HOTLINE — x

FIELD
WASH

@ REDRESS

o o CONTAMINATION

CONTROL UNE °

SUPPORT
ZONE

NOTE : EACH ITEM SHQULD BE WASHED, RINSED, OR REMOVED IN ORDER OF APPEARANCE

IN EACH STEP.
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ATTACHMENT I

HEALTH AND SAFETY BRIEFING
AND COMPLIANCE AGREEMENT
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ATTACHMENT 1

HEALTH AND SAFETY COMPLIANCE AGREEMENT

Project Number: Project Title:
Site Name: Site Location:
Project Manager: Date of Plan:

I, the undersigned, have received a copy of the health and
safety plan prepared by Golder Associates Inc. for the project
identified above. I have read the plan, understand it, have
attended a safety briefing, and agree to comply with all of the
health and safety requirements contained in the plan. I
understand that I may be prohibited from working on the project
for violating any of the requirements.

COMPANY NAME SIGNATURE DATE

Golder Associates



ATTACHMENT I1I

OCCUPATIONAL HEALTH GUIDELINES



Occupational Health Guideline for
Ammonia

INTRODUCTION

This gutdeline is intended as a source of information for
empioyees. employers. physicians, industrial hygienists,
and other occupauonai heaith professionals who may
have a need for such informauon. [t does not attempt to
present all data: rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

* Formula: NH,

¢ Synonyms: Anhydrous ammonia

¢ Appearance and odor: Colorless gas with a penetrat-
ing, pungent, suffocating odor; it can be a liquid under
pressure.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for ammonia is 50 pans of
ammonia per million pans of air (ppm) averaged over
an eight-hour work shift. This may also be expressed as
35 milligrams of ammonis per cubic meter of air (mg/
m*). NIOSH has recommended that the permissible
exposure limit be changed to a ceiling of 50 ppm
ammonia (35 mg/m?’) averaged over a five-minute
period. The NIOSH Criteria Document for Ammonia
should be consulted for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of expogure

Ammoma can affect the body if it is inhaled or if it
comes 10 contact with the eyes or skin, [t may also
affect the body if it 15 swallowed,

* Effects of overexposure

1. Short-term Exposure: Ammonia is a severe irritant of
the eyes, respiratory tract, and skin. It may cause
burning and tearing of the eyes, runny nose, coughing,
chest pain, cessation of respiration, and death. It may
cause severe breathing difficulties which may be de-
layed in onset. Exposure of the eyes to high gas

concentrations may produce temporary biindness and
severe eye damage. Exposure of the skin 10 high
concentrations of the gas may cause burning and blister-
ng of the skin. Contact with ligwd ammoma may
produce severe eye and skin burns. Contact of the 2ves.
nose, throat, and skin with solutions of ammonia ma
produce severe burns.

2. Long-term Exposure: Repeated exposure 1o ammonia
gas may cause chronic irftation of the eyes and upper
respiratory tract.

J. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure
ammonia.

* Recommended medical surveillance

The following medical procedures should be muce
available to each employee who s exposed to ammonia
at potentially hazardous levels:

—A compiete history and physical examinauon: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased nisk, and 1o
establish a baseline for future health monitonng. Exam-
nation of the eyes and respiratory tract should be
stressed. The skin should be examined for evidence of
chronic disorders.

—14" x 17" chest roentgenogram: Ammonia causes
human lung damage. Surveillance of the lungs is indi-
cated.

~—FVC and FEV (] sec): Ammonia is a respiratory
iritant. Persons with impaired pulmonary funcuion mas
be at increased risk from exposure. Periodic surveil-
jance s indicated.

2. Periodic Medical Examinatnions: The above medical
examinations should be repeated on an annual bass.
except that an x-ray is necessary only when indicated by
the results of puimonary function testng, or by signs
and symptoms of respiratory disease.

* Summary of toxicology

Ammonia vapor is a severe irnitant of the eyes, especiz |-
ly the cornea, the respiratory tract, and skin. Inhalati on
of concentrations of 2500 to 6500 ppm causes dysp7 ea.

These recommendations reflect good industrial hygiene and medical survediance practices and ther implementator : wu
asgist n achieving an effective occupational heatth program. However, they may not be sufficient 1o achieve comphance
with all requiremants of OSHA reguiations.
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bronchospasm, chest pan and pulmonary edema which
may be fatal; production of pink frothy sputum often
occurs. Consequences can include bronchitis or pneu-
monia; some residual reduction 1in pulmonary function
has been reported. In a human espenmental study
which exposed 10 subjects to various vapor concentra-
tions for 5 minutes, 134 ppm caused irntation of the
eyes, nose, and throat in most subjects and | person
complained of chest ntation: at 72 ppm. several re-
ported the same symptoms: at 50 ppm. 2 reported nasal
dryness and at 32 ppm only | reponted nasal dryness. In
a survey of 8 workers in a bluepnint shop, ammonia
concentrations of 4 to 29 ppm caused “barely notice-
able” to “moderate” eye irntation; no respiratory irrita-
tion was reported. Tolerance to usually irntating con-
centrations of ammonia may be acquired by adaptation,
a phenomenon frequently observed among workers
whao became inured to the effects of exposure; no data
are available on concentrations that are irritating to
workers who are regularly exposed to ammonia and
who presumably have a higher irritation threshold.
Liquid anhydrous ammoniza in contact with the eyes
may cause sertous eye injury or blindness; on the skin it
causes first- and second-degree bums which are often
severe, and if extensive, may be fatal. Vapor concenira-
tions of 10,000 ppm are mildly icritating to the moist
skin, while 30,000 ppm or greater causes a stinging
sensation and may produce 3kin bums and vesiculation.
Increased cancer has been reported in workers exposed
to high levels of ammonia and amines, although lack of
details makes evaluation difficult.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical dsta
1. Moiecular weight: 17

2. Boiling point (760 mm Hg): —-334 C (-28 F)

3. Specific gravity (water = 1): Liquid 0.67 at boil-
ing point

4. Vapor density (air = 1 at boiling poimt of ammo-
nia): 0.6

5. Melting point: ~77.71C(-108 F)

6. Vapor pressure at 20 C (68 F): Greater than |
atmosphere

7. Solubility in water, g/100 g water at 20 C (68 F):
51

8. Evaporation rate (butyl acetate = 1): Not applica-
bl.e
o 1Reactivity

1. Conditions contributing to instability: Elevated
temp ‘eratures may cause containers to explode.

2. Incompatibilities: Contact with strong oxidizers
may c ause fires and explosions. Contact with calcium,
hypoclorite bleaches, gold, mercury, and silver may
form hi,ghly explosive products. Contact with halogens
may cawse violent spattering.

3. Hazardous decornposition products: None.

4. Special precautions: Liquid ammonia will attack
some form:: of plastics;, rubber, and coatings.

2 Ammonia

* Flammability

[. Flash point: Not applicabie

2. Autoignition temperature: 651 C (1204 F)

3. Flammabie l:muts in air, % by volume: Lower: 16:
Upper: 23

4. Extinguishant: Stop Row of gas.

+ Warning properties

1. Odor Threshold: The AIHA Hyvgienic Guide states
that “ammonia 1s 2 coloriess gas with a characteristic
odor detectable at [ 10 5 ppm.”

2. Eye Irmtation Level: Grant states that “ammonia
is slightly wwntant to human eyes a1 a concentranion of
140 ppm in air and immediatety irntaung at 700 ppm.”

3. Other Information: The Hygienic Guide states that
“irritation of the respiratory tract in workers inhaling
100 ppm has been found, but 55 ppm was unobjectiona-
ble.”

4. Evaluation of Warning Properties: Because of its
low thresholds of odor and irritation. ammonia is treat-
ed as a material with good warning properties.

MONITORING AND MEASUREMENT
PROCEDURES

* Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may aiso be used to determine the average
exposure level Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken dunng penads of maximum expected
airborne concentrations of ammonia. Each measure-
ment shouid consist of a fifteen (15) ounute sample or
series of consecutive samples totalling fifteen (15) min-
utes in the employee’s breathing zone (air that would
most nearly represent that inhaied by the employee). A
minimum of three (3) measurements should be taken on
one work shift and the highest of all measurements
taken is an estimate of the employee’s exposure.

¢ Method

Sampling and analyses may be performed by collection
of vapors using an adsorption tube with a subsequent
chemical analysis of the adsorption tube. Also, detector
tubes centified by NIOSH under 42 CFR Pant 84 or
other direct-reading devices calibrated to measure am-
monia may be used. An analytical method for ammonia
is in the NTOSH Manual of Analytical Methods, 2nd Ed.,
Vol. 5, 1979, available from the Government Printing
Office. Washington, D.C. 20402 (GPO No. 017-033-
00349-1).
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* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineenng and work practice controis are not
technically feasible. when such controls are in the
process of being instailed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Heaith Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* 1n addition to respirator selection, a complete respira-
tory protection program shouid be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shieids (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent any possibility of skin contact with
liquid anhydrous ammonia or aqueous solutions of
ammonia containing more than 10% by weight of
ammonia and to prevent the skin from becoming frozen
from contact with vessels containing liquid anhydrous
ammonia.

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with solutions containing 10% or less by weight of
ammonia.

¢ Where there is any possibility of exposure of an
employee’s body to liquid anhydrous ammouia or aque-
cus solutions containing more than 10% ammonia by
weight, facilities for quick drenching of the body should
be provided within the immediate work area for emer-
gency use.

¢ Non-impervious clothing which becomes contami-
nated with anhydrous ammonia or aqueous solutions
containing more than 109% ammonia by weight should
be removed immediately and not reworn until the
ammonia is removed from the clothing.

* Non-impervious clothing which becomes wet with
solutions containing 109 ammonia by weight or less
should be removed promptly and not rewomn until the
ammonis is removed {from the clothing.

* Clothing wet with liquid anhydrous ammonis or
aqueous solutions of ammonis should be placed in
closed containers for storage until it can be discarded or
until provision is made for the removal of ammonia

September 1978

otherwise cieaned to remove the ammonia, the person
performing the operation should be informed of ammo-
nia's hazardous properties.

* Employees should be provided with and required 10
use splash-proof safety goggles where there s any
possibility of liquid anhydrous ammoma or agueous
solutions containing more than [0% ammonia by
welght contacting the eyes.

* Empioyees should be provided with and required (0
use spiash-proof safety goggles where sojutions contain-
tng 10% ammonia by weight or less may contact the
eyes.

* Where there is any possibility that employees’ eyes
may be exposed to liquid anhydrous ammonia or aque-
ous solutions containing more than 10% ammonia by
weight, an eye-wash fountain should be provided
within the immediate work arez for emergency use.

SANITATION

¢ Skin that becomes contaminated with liquid anhy-
drous ammonia or solutions conuaining more than 10
ammonia by weight should be immediately washed or
showered to remove any ammonia.

* Skin that becomes wet with solutions containing 10¢c
ammonia by weight or less should be promptly washed
or showered to remove any ammonia.

* Employees who handle liquid anhydrous ammonia or
agueous solutions of ammonia should wash their hands
thoroughly before eating, smoking, or using toilet facili-
ties.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to ammonia may occur and control
methods which may be effective in each case:

Operation Cantrols

Process enclosure;
local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Use as a chemical in
manutacture of
fertilizers, as solvent in
manufacture of textiles,
leather, and pulp and

paper processing; as a
stabilizer in rubber
manufacture

Ammonia 3



Use in organic and
inQrganic synthes:s of
nitric acid, urea,
plastics, fibers,
synthetic resins,
pharmaceuticals,
pesticides, explQsives,
rocket fuels, cyanides,
amides, dyestufts,
amines, flame
retardants, and
household cleanars

Use in mining/
metallurgy ore
extraction and
punfication, treatment
of scrap metal,
annealing, atomic
tydragen walding,
electronics, nitriding
steel

tise in petrolaum

refining as a neutraiizing
agent; manuiacture and

recovery of cracking
catalysts; andin
dewaxing of lubrication
Oils

Use as a refrigerant in
food installations,
production of ice, cold-
storage, food lockers,
deicing

Use during biueprinting
and photography,
electroplating, and as a
laboratory reagent

Process enciosure;
local exhaust
ventilation; personal
protective equipment

Local exhaust
vantilation; general
dilution ventilation;
perscnal protective
equipment

Process enclosure;
local exhaust
ventilation; personai
protective equipment

Local exhaust
ventilation; general
dilution ventilation;
personai protective
aquipment

Local exhaust
ventilation; general
dilution ventilation:
personal protective

equipment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If liquid anhydrous ammonia, solutions containing am-
monia, or kigh concentrations of ammonia gas get into
the eyes, wash eyes immediately with large amounts of
water, lifting the lower and upper lids occasionally. Get
medical attention immediately. Contact lenses should
not be worn when working with this chemical.

» Skia Exposure

If liquid anhydrous ammonia, strong solutions of ammo-
nia, or high concentrations of ammonia gas get on the
skin, immediately flush the contaminated skin with
water. If liquid anhydrous ammonis, strong solutions

4 Ammonia

ma gas penetrate through the clothing, remove the
clothing immediately and flush the skin with water. If
irntation or burns are present after washing, getr medical
attention.

* Breathing

If a person breathes in large amounts of ammonia, move
the exposed person to fresh air at once. If breathing has
stopped. perform artificial respiration. Keep the affect-
ed person warm and at rest. Get medical attention as
soon as possible.

+ Swallowing

When ammonia has been swaillowed and the person s
conscious, give the person large quantities of water
immediately to dilute the ammonia. Do not attempt to
make the expased person vomit. Get medical attention
immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casuajty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL AND LEAK PROCEDURES

+ Persons not weanng protective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cleanup has been compieted.

* If ammonia is spilled or leaked, the following steps
should be taken:

1. Ventilate area of spill or leak 1o disperse gas.

2. If in gaseous form, stop flow of gas. If source of leak
is a cylinder and the leak cannot be stopped inplace,
remove the leaking cylinder to a safe place in the open
air, and repair the leak or allow the cylinder to empty.
3. If in liquid form, allow 10 vaponze.
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Occupational Health Guideline for
Fluoride Dust (as Fluoride)

INTRODUCTION

This guideline 15 intended as a source of information for
employees. emplovers, physicians. industrial hygiensts.
and other occupational health professionals who may
have a need for such informauon. It does not atrtempt 10
present all data; rather, it presents peruinent information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to all fluoride. Physical and chemical properties
of several specific compounds are provided for illustra-

tive purposes.
SUBSTANCE IDENTIFICATION

Sodlum fluoride

* Formula: NaF

* Synonyms: None

* Appearance and odor: Colorless or blue, odorless
solid.

Cryolite (sodium hexafluoroaiuminate)

¢ Formula: Na,AlF,

¢ Synonyms: Sodium hexafluoroaluminate

¢ Appearance and odor: Colorless 10 dark, odorless
solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The curtent OSHA standard for fluonde is 2.5 milli-
grams of fluoride per cubic meter of air (mg/m?)
averaged over an eight-hour work shift. NIOSH has
recommended that the permissible exposure limit be
changed 10 2.5 mg/m® averaged over a work shift of up
to 10 hours per day, 40 hours per week. The NIOSH
Criteria Document for Inorganic Fluorides should be
consuited for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Fluonde can affect the body if it is tnhaled or if it comes
in contact with the eyes or skin. It can also affect the
body 1f it 1s swallowed.

* Effects of overexposure

1. Short-term Exposure: Fluonide containing dust may
cause irntation of the eyes and respiratory tract. Swal-
lowing fluonde may cause a salty or soapy taste.
vomiting. abdominal pain, diarrhea, shoriness of breath.
difficulty in speaking, thirst, weakness of the puise.
disturbed color vision, muscular weakness, convulsions.
loss of consctousness, and death. Kidney njury and
bleeding from the stomach may occur.

2. Long-term Exposure: Repeated exposure (o fluonde
containing dust may cause excessive calcification of the
bone and calcification of ligaments of the ribs, pelvis.
and spinal column. Stiffness and limitation of maotion
may resuit. Repeated or prolonged exposure of the skin
to fluoride containing dust may cause a skin rash.
3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure 10
fluonde.

* Recommended medical surveillance

The following medical procedures should be made
avaiiable to each employee who is exposed to fluonde
at potentially hazardous levels:

1. Initial Medical Examination:

—A complete history and physical examinanon: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased nsk. and to
establish a baseline for future health momtonng. Exami-
nation of the eyes, respiratory tract, central nervous
systemn, skeletal system, and the kidneys should be
stressed. The skin should be examined for evidence of
chronic disorders.

—Urinalysis: Since kidney disease interferes with
excretion of fluoride, thus increasing the risk from
exposure to excessive fluoride, a urinalysis should be

These recommendauons reflect good industnal hygiene and medical surveillance practices and their implementation will
asyist in achieving an sftective occupational heaith program. However, thay may not be sufficient to achieve compliance
with ail requrements of OSHA reguiations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
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Nanona! inshtute for Occupational Safety and Meaitn
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PROCEDURES

* General

Mecasurements to determine employee exposure are best
taken so that the average cight-hour exposure is based
an a sngle eight-hour sample or on two four-hour
sampies. Several short-time interval sampies (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
emplovee's breathing zone {air that would most nearly
represent that inhaled by the employee).

* Method

Sampling and analyses may be performed by collection
of fluonide in an impinger contaning sodivm hydroxide,
followed by dilution with a bufTer, and analysis with an
ion-specific electrode. An analytical method for flu-
onde is in the NIOSH Manual of Anaiytical Methods,
2nd Ed., Vel |, 1977, available from the Government
Printing Office. Washington, D.C. 20402 (GPO No.
017-033-00267-3).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used 1o reduce environmental
concentrations to the permissibie exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technicaily feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupationsl Safety and Health,

» [n addition to respirator selection, a complete respira-
tory protection program should be instituted which
inciudes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shieids (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or proionged skin contact
with fluoride.

 If employees’ clothing has had any possibility of
being contaminated with fluoride, employees should
change into uncontaminated clothing before leaving the
work premises.

* Clothing contaminsted with fluoride should be
placed in closed containers for storage uatil it can be

September 1979

AR O WL Ll PEUY U 1 IDALE JOT LNE TEMOY A Ot
fluoride from the clothing. If the clothing 1s to be
laundered or otherwise cleaned 1o remove the fluonde.
the person performing the operation should be informed
of fluonde’s hazardous properties.

* Employees should be provided with and required to
use splash-proof safety goggles where there i1s any
possibility of sodium fluoride or liquids containing
sodium fluonde contacting the eyes.

* Non-impervious clothing which becomes contami-
nated with fluoride should be removed promptiy and
not reworn unil the fluoride is removed from the
clothing.

SANITATION

* Skin that becomes contaminated with fluonde should
be promptly washed or showered to remove any flu-
onde.

* Eating and smoking should not be permitted in areas
where fluonde is handled, processed, or stored.

* Employees who handle fluoride should wash their
hands thoroughly with soap or mild detergent and
water before eating, smoking, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to fluoride dust may occur and control
methods which may be effective in each case:

Operation Controls
Liberation from mining, Local exhaust
benefication, ventilation; general
packaging, and dilution ventilation;
distribution of fluorspar personal protective

aquipment
Liberation from fluorides Local exhaust
from phosphate rock ventilation; general
treatment dilution ventilation;
personal protective
equipment
Liberation from use of Local exhaust
fluorspars as a fluxing ventilation; general
additive for steei dilution ventilation;
production personat protective
equipment
Liberation from Local exhaust
manufacture of cryolite ventilation; general
from phosphate rock dilution ventilation;
processing; use of personal protective
fluorspar ang cryolite in equipment

the production of
metallic aluminum by
electrolysis

Fluoride Dust (as Flyoride) 3



Operation Controls

Local exhaus?
ventilation; general
dilution ventilation;
personal protective
equipment

Use in formulations of
insecticides for
agncultural crops, frus,
vegetables,
ornamentals, and trees

Local exhaust
ventifation; generai
dilution ventilation;
personal protective
equipment

Use in chemicai
ingustry as a source of
fluorine compounds;
use of fluorspar and
cryolite in ceramics and
glass industry mn
manulacture of
fiberglass, optical glass,
lenses. and pottery, use
of fluorspar in
manutacture of weiding
rods and welding fluxes;
use in electroplating

Use in treatment of Local exhaust

water ventilation; general
dilution ventilation;
personal protective
equipment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
¢ Eye Exposure

If fluonde or liquids containing fluoride get into the
eyes, wash cyes immediately with large amounts of
water, lifting the lower and upper lids occasionally. If
irntation is present after washing, get medical attention.
Contact lenses should not be worn when working with
this chemical.

¢ Skin Exposure

If fluonide or liquids containing fluoride get on the skin,
promptly wash the contaminated skin using socep or
mild detergent and water. If fluonde or liquids contain-
ing fluoride soak through the clothing, remove the
clothing promptly and wash the skin using soap or mild
detergent and water. If irritation persists after washing,
get medical attention,

¢ Breathing

If a person breathes in large amounts of fluoride, move
the exposed person to fresh air at once. If bresthing has
stopped, perform artificial respiration. Keep the affect-
ed person warm and st rest. Get medical attention as
s00n as possibie.

¢ Swallowing

When liquids containing fluoride have been swallowed
and the person is comscious, give the person large
quantities of water immediately. After the water has
been swallowed, try 10 get the person to vomit by
having him touch the back of his throat with his finger.

4 Fworide Dust (ss Fluoride)

Da not make an unconscious person vomut. Get medical
attention immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locauons of rescue equipment before the need
anses.

SPILL AND DISPOSAL PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be resincted from areas of spills or releases
until cleanup has been completed.

* If fluoride is spilled or released in hazardous concen-
trations, the following steps should be taken:

1. Ventilate area of spill or release.

2. Collect spilled matenal in the most convenient and
safe manner and deposit in sealed containers for recla-
mation or for disposal in a secured sanitary landfill
Liquid contaning fluoride shouid be absorbed in ver-
miculite, dry sand, earth, or a similar material.

* Waste disposal method:

Fluoride may be disposed of in sesled containers in a
secured sanitary landfill.
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........... . me. cpeen gedvitY,
albumin, glucose. and a MCroscopic cxamination on
centnfuged sediment. An analysis for fluonde should be
performed.

—Pelvic roentgenogram: Fluonde causes skejetal
abnormalities. A radiologic examtnation of the male
peivis with proper gonadal shielding should be con-
ducted at the ume of the preplacement examination and
when indicated by analvsis of the resuits of the urinary
fluonde tests.

—Eye disease: Fluoride 1s an eye trritant and may
cause ussue damage Those with pre-exisung eye prob-
lems may be at increased risk from exposure.

—14” x 17" chest roenigenogram: Fluonde may
cause respiratory system effects, such as fibrosis and
asthma. Survetllance of the lungs is indicated.

—FVC and FEV (i sec). Fluonde is a respiratory
irritant. Persons with impaired pulmonary function may
be at increased risk from exposure. Peniodic surveil-
lance is indicated.

—Skin disease: Fluoride can cause dermatitis on
prolonged exposure. Persons with pre-existing skin dis-
orders may be more susceptible 10 the effects of this
agent.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis. except that the radiologic examinauon of the
pelvis should be conducted only when clinicaily indi-
cated.

+ Summary of toxicclogy

Fluoride causes irntation of the eyes and respiratory
tracy; absorption of excessive amounts of fluoride over s
long period of time results in increased radiographic
density of bone. The lethal oral dose of sodium fluoride
for humans 1s approximately 5 g. effects are diffuse
abdominal pain, diarthea. and vomiting; excessive saii-
vation, thirst, and perspiration; painful spasms of the
limbs; and sometimes albuminuna. Workers exposed to
an airborne fluoride concentration of 5 mg/m? com-
plained of eye and respicatory tract irritation and
nausea. A portion of absorbed fluonde is stored in bone
and part is excreted promptly in the unine; with contin-
uved exposure and increasing amounts of fluoride al-
ready present in the bone, the fraction appearing in the
urine increases. Some storage of fluoride occurs from
the ingestion of as little as 3 mg/day. Repeated exposure
to excessive concentrations of fluorides over a period of
years resuits in increased radiographic density of bone
and eventually may cause crippling fluorosis (osteos-
clerosis due to deposition of fluoride) The gross
changes in the skeleton are quite distinctive and charac-
teristic; as the amount of luornide in the bone increases.
exostoses may develop, especially on the long bones;
the spinal and pelvic ligaments begin 1o calcify, occa.
sionally vertebrae fuse together, and a typical stiffness
of the spinal column develops. The absorption of 20 to
80 mg of fluoride daily may be expected to lead to
crippling fluorosis in 10 10 20 years; this condition has
not been reported in the United States from industrial

2 Fluyoride Dust (ss Flucride)

CAPUNLIC CvideNet (TOM $&veral sources tngicates that
urinary fluonde concentrations not exceeding S mg. in
preshift samples taken after 2 days off work are not
associated with detectable osteosclerosts and that such
changes are uniikely at unnary levels of 5 to 8 mg/1.
Repeated or prolonged exposure of the skin to fluonde-
bearing dusts and fumes may cause dermatituis. Mottled
appearance and altered form of teeth are most pro-
nounced when excessive amounts of fluonde are ingest-
ed duning the penod of formaton and calcification of
teeth, which occurs duning the first 8 years of life i
humans: after the teeth erupt and calcification has been
completed. fluonde does not have an adverse effect on
the teeth.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data—Sodiom fluoride

1. Molecular weight: 42

1. Boithing point (760 mm Hg): 1702 C (3095 F)

3. Specific gravity (water = 1): 2.8

4. Vapor density (air = | a1 boiling point of sodium
flucnide): Not applicable

5. Meltung point: 992 C (1818 F)

6. Vapor pressure at 20 C (68 F). Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
42

8. Ewvaporation rate (buty! acetate = 1): Not applica-
ble
* Physical data—Cryolite (sodium hexafluoroaluminate)

1. Molecular weight: 209.9

2. Boiling point (760 mm Hg): Decomposes

3. Specific gravity (water = {): 2.8

4. Vapor density (air = | at boiling point of cryo-
lite): Not applicabie

5. Melting point: 1009 C (1848 F)

6. Vapor pressure at 20 C (68 F): Essentially zero
7. Solubility in water, g/100 g water at 20 C (63 F):
0.04

8. Evaporanon rate {butyl acetate = 1): Not appiica-
ble
* Reactivity

1. Conditions contributing 10 instability: None

2. Incompatibilities: Contact with sirong acids may
cause formation of toxic and imitanng hydrogen fu-
onde gas.

3. Hazardous decomposition products: None

4. Special precautions: None
* Flammability

1. Not combustible
* Warning properties
Concerning fluondes. Grant states that “industnaily,
fluorides may contact the eyes in the form of fumes
from fluxes in soldering, in welding, and in magnesium
foundries. Immitation of the eyes and nose has been
reported when fluoride concentration has reached $
mg/m? of air.”
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* MNauonai Institute tor Occupational Safety and * Pauy, F A ted.) Toxicoiogy. Vol Il of [ncu,:m

ek

Heaith. U.S. Department of Heaith. Education, and Hygiene and Toxicology (2nd ed rev ). lnterscience.
Weifare: Criteria for a Recommended Standard . . . . New York. 1963.

Occupational Exposure 10 Inorganic Fluorides, HEW * Sax. N. L. Dangerous Properties of Industriai Maier:s.s
Publication No. (NIOSH) 76-103, GPO No. 017-033- (3rd ed.), Van Nostrand Remnhold. New York. [9ss
00118-9. U.S. Government Pnnung Office. Washing- * Stolman, A. (ed.): Progress in Chemicai Toxicciogy.

ton. D.C.. 1978 Academic Press, New York, 1965-1969,
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RESPIRATORY PROTECTION FOR FLUORIDE DUST (AS FLUORIDE)

Condition Minimum Respiratory Protection”®
Required Above 2.5 mg/m?

Particulate Concentration

12.5 mg/m? or less"” A singte-use dust resprraior.

25 mg/m? oriess*" Any dust respirator, except single-use or guarter-mask respirator.”*”
Any supplied-air respirator.

Any self-contained breathing apparatus.

125 mg/m? or less A high efficiency particulate filter respirator with a full facepiece.***
Any supplied-air respirator with a tull facepiece, heimet, or hood.

Any self-contained breathing apparatus with a full facepiece.

250 mg/m? or less A powered air-purifying respirator with a high efficiency particulate titer, and a
full facepiece."*"*

A Type C supplied-air respirator with a full facepiece operated in pressure-
demand or other positive pressure mode or with a full facepiece, helmet, or hood
operated in continuous-flow mode.

Greater than 250 mg/m? or Seli-contained breathing apparatus with a full facepiece operated in pressure-
entry and escape from demand of other positive pressure mode.
unknown concentrations

A combination respirator which inciudes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or otheér positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demanc or other positive pressure mode.

Escape An gscape gas mask with an acid gas canister.
Any escape self-contained breathing apparatus.

* Onily NIQSH-approved or MSHA-approved equipment should be used.
**{f sye irritation occurs, full-facepiece respiratory protective equipment should be used.

***If acid gases are present, air-puritying elements providing protection against acid gases and including the
indicated filters should be used.



* Manufactuning Chemists Association, Inc.: Chemicat
Safety Data Sheer SD-8. Ammonia. Washington, D.C..
1960.

¢ Matheson Company: Amravdrous 4mmonia Data
Sheers.

* National Institute for Occupational Safety and
Health, U.S. Department of Health, Education. and
Welfare: Criteria for @ Recommended Standard . . . .
Occupanional Exposure to Ammonia, HEW Publication

No. (NIOSH) 74-136. GPO No. 017-033-00036. U S
Government Printing Office, Washington, D.C.. 1974
* Pany, F. A. (ed.): Toxicology, Vol. 1l of Indusira.
Hygiene and Toxicology (2nd ed. rev ). [nterscience.
New York, 1963,

* Spectur, W. S. (Vois. I, II), Negherbon. W 0. (V0
HI), Grebe, R. M. (Vol. IV), and Dittmer. D. S. (Vo
V) (eds.): Handbook of Toxicology, Saunders. Philade:-

phia, 1956-1959,

RESPIRATORY PROTECTION FOR AMMONIA

Condition

Minimum Respiratory Protection*
Required Above 50 ppm

Gas Concentraton

100 ppm or less

Any chemical cartridge respirator with an ammonia cantridge(s).
Any supplied-air respirator.

Any self-contained breathing apparatus.

300 ppm or less

A chemical cartridge respirator with a full facepiece and an ammonia cartridge(s).

500 ppm or less

A gas mask with a chin-style or a front- or back-mounted ammonia carister.
Any supolied-air respirator with a full facepiece, heimet, or hood.

Any seif-contained breathing apparatus with a full facepiece.

Greater than 500 ppm** or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which inciudes a Type C supplied-arr respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-fiow mode and an auxiliary self-contained breathing apparatus operated mn
pressure-demand or other positive pressure mode.

Fire Fighting Seli-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.
Escape Any gas mask providing protection against ammonia.

Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.

**Use of supplied-air suits may be necessary to prevent skin contact while providing respiratory protection from
arborne concentrations of ammonia; however, this equipment should be seiected, used, and maintained under
the immediate supervision of trained personnel. Where supplied-air suits are used above a concentration of 500
ppm, an auxiliary self-contained breathing apparatus operated in positive pressure mode should aiso be worn.
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Occupational Heaith Guideline for
Soluble Barium Compounds (as Barium)

INTRODUCTION

This guideline is intended as a source of informanon for
employees, employers, physicians, industnal hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to all solubie barium compounds. Physical and
chemical properties of several specific compounds are
provided for illustrative purposes.

SUBSTANCE IDENTIFICATION

Barium nitrate

¢ Formula: Ba(NO,)s
* Synonyms: None
¢ Appearance and odor: Odoriess white solid.

Barium oxide

* Formula: BaO

¢ Synonyms: None
¢ Appearance and odor: Odorless white solid.

Barium carbonate

* Formula: BaCO,
» Synonyms: None
¢ Appearance and odor: Odorless white solid.

Barium chioride

¢ Formula: BaCl,

* Synonyms: None
+ Appearance and odor: Odorless white solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for soluble barium cor-
pounds is 0.5 milligram of soluble banum compounc:
per cubic meter of air (mg/m?) averaged over an eigh:-
hour work shaft.

HEALTH HAZARD INFORMATION

» Roates of exposure

Soluble banum compounds can affect the body if they
are inhaled or if they come in contact with the eyes or
skin. They can also affect the body if they are swal-
lowed.

¢ Effects of overexposure

1. Short-term Exposure: Soluble barium compounds may
cause loca) irritation of the eyes, nose, throat, bronchia
tubes, and skin. Soluble barium compounds may alsc
cause severe stomach pains, slow pulse rate, irregular
heart beat, ringing of the ears, dizziness, convuisions.
and muscle spasms. Desth may occur,

2. Long-lerm Exposxre: None known

J. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure o solubie
barium compounds.

* Recommended medical surveillance

The foilowing medical proceduyres should be made
available 10 each employee who is exposed 1o soluble
barium compounds at potentially hazardous levels:

L. Initial Medical Examination:

—A compiete history and physical examination: The
purpose is to detect pre-existing conditions that mught
place the exposed employee at incressed risk, and 10
establish a baseline for future health monitoring. Exami-
nation of the heart, lungs, and nervous system should be
stressed. The skin shouid be examined for evidence of
chronic disorders.

—14" x 17" chest roentgenogram: Soluble banus
compounds cause human lung damage. Surveillance of
the lungs is indicated.

These recommendations rsfiect good indusinal hygwene and medical surveliance practices and ther implementaton will
asust in achisving an eftective occupational heaith program. However, they may not be sufficient to achieve compliance
with ail requwaments of OSHA reguiations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Pubiic Health Service Centers for Disease Convol
Nabonsl institute for Occupabonal Safety and Health

September 1578

U.S. DEPARTMENT OF LABOR
Occupatonal Safety and Heaith Adrministraton



—FVC and FEV (i sec): Soluble bannum compounds
are respiratory rntants. Persons with impaired puimon-
ary function may be at increased nisk from exposure.
Penodic surveiilance 1s indicated.

—Electrocardiogram: Banum compounds may cause
cardiac arrhythmias and may have a direct effect on the
cardiac muscle. Penodic surveillance of the heart is
indicated.

2. Penodic Medical Examination: The aforementioned
medical examinatons should be repeated on an annual
basis. except that an x-ray 15 necessary only when
indicated by the results of pulmonary funcuon testing,
or by signs and symptoms of respiratory discase.

* Summary of toxicology

Soluble banum salts cause severe gastroenteritis and
systemic effects by ingestion. Intravenous injection of
banum compounds in animais causes a strong, pro-
longed stimulation of muscle resulting in hyperperistal-
sis, bladder contraction, vasoconstriction, and irregular
contraction of the heart followed by arrest in systole.
Animals also exhibit stimulation of the central nervous
system followed by paralysis. Ingestion of barium car-
bonate by humans causes gastroenteritis, muscular pa-
ralysts, slow pulse rate, extrasystoles, and hypokalemis.
Heavy indusinal exposure to dusts of barium sulfate or
barium oxides may produce a benign pneumoconiosis,
termed baritosis. It results in no impairment of ventila-
tory function, although signs of mild bronchial irritation
may occur. Characteristic 1-ray changes are those of
small, dense, circumscribed nodules evenly distributed
throughout the lung fields, reflecting the radio-opacity
of the barium dust. Bronchial irritation has been report-
ed from the inhalation of barium carbonate dust. Barium
hydroxide and banium oxide are strongly alkaline in
aqueous solution, causing severe burns of the eye and
irritation of the skin.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data—Barium nitrate

1. Molecular weight: 261.4

2. Boiling point (760 mm Hg): Greater than 592 C
(greater than 1098 F) (decomposes)

3. Specific gravity (water = 1): 3.24

4. Vapor density (sir = 1 at boiling point of barium
nitrate): Not applicabie

5. Melting point: 392 C (1098 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
9.2

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
» Physical data—Barium oxide

1. Molecular weight: 153.3

2. Boiling point (760 mm Hg): 2000 C (3632 F)

1. Specific gravity (water = 1): 5.72

4. Vapor density (air = | at boiling point of barium
oxide): Not applicable

5. Melting point: 1921 C {3490 F)

2 Soluble Barium Compounds (as Barium)

6. Vapor pressure at 20 C (68 F): Essentally zero

7. Solubiuty in water, g/100 g water at 20 C (68 F).
Reacts

8. Evaporauon rate (butyl acetate = |): Not applica-
ble
¢ Physical dats— Barium carboaste

. Molecular weight: 197.3

2. Boiling point {760 mm Hg): 1300 C (2372 B
{decomposes}

3. Specific gravity (water = 1):4.25

4. Vapor density (air = | a1 boihing point of banum
carbonate}: Not applicable

5. Melung point: Decomposes at 1300 C (23721 F)

6. Vapor pressure at 20 C (68 F): Essennally zero

7. Solubility in water, g/100 g water at 20 C (68 F):
0.0022

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Physical data—Barium chloride

1. Molecular weight: 208.3

2. Boiling point (760 mm Hg): 1560 C (2840 F)

3. Specific gravity (water = 1): 3.86

4. Vapor density (air = | at boiling point of barium
chloride): Not appiicable

5. Mehing point: 963 C (1765 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
36

8. Evaporation rate (buty} acetate = 1): Not applica-
ble
* Reactivity

1. Conditions contributing to instability: For barium
nitrate, elevated temperatures may cause melting and
decomposition: for the other compounds, none hazard-
ous.

2. Incompatibilities: Contact of barium oxide with
water, carbon dioxide, or hydrogen sulfide may cause
fires and explosions. Contact of barium carbonate with
acids causes formation of carbon dioxide gas that may
cause suffocation in enclosed spaces. Contact of banum
nitrate with organic matter and combustible matenals
may cause fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as oxides of nitrogen and carbon
monoxide) may be released in a fire involving barium
nitrate.

4. Special precautions: None
* Flammability

1. Flash point: Not applicable

2. Autcignition temperature: For barium nitrate, data
not available; for the the other compounds, not appiics-
ble.

3. Flammable limits in air, % by volume: Not appli-
cable

4. Extinguishant: Large amounts of water should be
used on adjacent fires.
¢ Warning properties
According to Grant, barium chloride causes “consider-
able iritis, which subsides in a few days” when “tested
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(A DEUITAL VU8 (Q W.1 M »tuuon on {fadoll cyes oy
injection into the cornea or by dropping for 10 minutes
on the eye after the comneal epithelium was removed to
facilitate penetranon.” Grant states that “both the oxide
and hydroxide are capable of causing severe alkali burns
of the eye, similar 1o those produced by calcium hy-
droxide.”

MONITORING AND MEASUREMENT
PROCEDURES

s General

Measurements 1o determine employee exposure are best
taken so that the average eight-hour exposure ts based
on s single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air sampies shouid be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Method

Sampling and anaiyses may be performed by collection
on a celluiose membrane filter followed by leaching in
hot water, sclution of sample in acid, and analysis in an
atomic absorption spectrophotometer. An analyticai
method for soluble barium compounds is in the NIOSH
Manual of Analytical Methods, 2nd Ed., Vol. 3, 1977,
available from the Government Printing Office, Wash-
ington, D.C. 20402 (GPO No. 017-033-00261-4).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be suppiemented. Respirators may also be used for
operstions which require entry into tanks or closed
vessels, and in emergency situations. [f the use of
respirator is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

¢ Empioyees should be provided with and required to
use impervious clothing, gloves, face shiclds (eight-inch
minimum), and other appropriate protective ciothing
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necessary ta prevent repeateg of proionged swin contag:
with barium carbonate, banium chlonde, barum nitrate
or liquids containing these compounds.

* Employees should be provided with and required @
use impervious clothing, gloves, face shields (eight-inc-
minimum}, and other appropnate protective clothing
necessary O prevent skin contact with banum oxide o
liquids containing barium oxide, where skin coniace
May occur.

¢+ If employees’ clothing has had any possibility of
being contaminated with banum carbonate. barium
chlonde, banum mitrate, barium oxide, or liquids con-
taining these compounds, employees should change 110
unconwaminated clothing before leaving the work prem-
ises.

* Clothing contaminated with barium carbonate.
banum chionde, barium nitrate, or barium oxide should
be placed in closed containers for storage until it can be
discarded or until provision is made for the removal of
contaminant from the clothing. If the clothing is 10 be
laundered or otherwise cleaned to remove the contami-
nant, the person performing the operation should be
informed of contaminant’s hazardous properties.

* Where exposure of an employee's body to barum
oxide or liquids containing barium oxide may occur.
facilities for quick drenching of the body should be
provided within the inmediate work area for emergen-
cy use.

* Non-impervious clothing which becomes contami-
nated with barium carbonate, barium chionde, banum
nitrate, or barium oxide should be removed promptly
and not reworn until the contaminant is removed from
the ¢clothing.

¢ Employees should be provided with and required to0
use dust- and splash-proof safety goggles where there s
any possibility of barium oxide or liquids contaiming
banum oxide contacting the eyes.

» Employees should be provided with and required to
use dust- and splash-proof safety goggles where barium
carbonate, banium chlonde, banum nitrate, or hquids
containing these compounds may contact the eves
e Where there is any possibility that employees’ eves
may be exposed to banum oxide or liquids contaming
barium ozide, an eye-wash fountain should be provided
within the immediate work area for emergency use

SANITATION

* Workers subject 1o skin contact with barium oxide or
liquids containing barium oxide should wash any areas
of the body which may have contacted banum oxide 21
the end of each work day.

+ Skin that becomes contaminated with barium carbon-
ate, bannum chlonde, or banum nitrate should be
promptly washed or showered to remove any contami-
nant. In the case of barium carbonate, employees should
use soap or mild detergent and water for washing

purpaoses.
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* Skin that becomes contarmunated with barium oxide
should be promptly washed or showered to remove any
barium oxide from the skin after all obvious amounts of
barium oxide have been removed by other means (e.g.,
by use of ol or vaseline). Empiloyees who are being
burned by barium oxide should immediately utilize
quick drenching factlities without first removing barum
oxide by other means

» Eating and smoking should not be permisted in areas
where solid barium carbonate, bartum chlonde, barium
nitrate. or banum oxide. or hquids contamning these
compounds are handled. processed. or stored.

* Employees who handle banum carbonate, barium
chloride. barium nitrate, barium oxide, or hiquids con-
taining these compounds should wash thetr hands thor-
oughly before eating, smoking, or using toilet facilities.
In the case of barium carbonate, employees should use
soap or mild detergent and water for washing purposes.

COMMON OPERATIONS AND CONTROLS

The following list includes som¢ common operations in
which exposure to soluble barium compounds may
occur and control methods which may be effective in
each case:

Controls

Process enciosure;
local exhaust vantilation

Operation

Manufacture and
distribution of soluble
barium compounds

Process snciosure:;
iocal exhaust ventilation

Use in manufacture of
pressed and blown
glasssware and flint and
crown optical glass;
manyfacture of ceramic
products; use in
slectronics inGustry in

. manufacture ot
magnets, vacuum
wibes, cathodes, x-ray
fluoreacent screens, TV
picture tubes, and dry
celi depolarizers

Use in manufacture of

phaotographic papers,
dyes, and chemicais

Process anciosure;
iocal exhaust ventilation

Process enclosure;
local exhaust ventilation

Use as pesticides,
rodenticides, and
disinfectants; use in
manufacture of
expliosives, matches,
and pyrotachnics as
igniter compositions
and fireworks
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Operation

Use as an additiva in
manufacture of grease,
and manutacture of
lubricating oils; use n
refining of vegetabie
and animai oils

Use in case-hardening
of steel in metallurgy; in
welding alurmnum; in
etectropiating; and in
aluminum and sodium
refining

Use in water treatmeant
and boiler compounds
for softening water; use
as catalysts, analytical
reagents, and puntfying
agents

Use lor treatment of
textiles, leather, and
rubber; use in
manufacture of paper
and cellulose as a
bleaching agent; use in
manufacture of
pigments, colors, and
lakes

Use as a depilatory in
procassing of hides; as
a fire-proof and
sxtinguishing agent; in
embalming; in sugar
refining; in gas and
solvent drying; in
marble substitutes; in
vaive manutacture; and
as a smoke
suppressant in diesel
fuels

Use in manufacture of
pigments, paints,
snamels, and printing
inks

Controis

Procass enclosure:
local exhaust ventilation

Process enciosure:
local exhaust ventilation

Process enclosure;
local exhaust ventilation

Process enclosure;
local exhaust ventilation

Process enclosure;
local exhaust ventilation

Process enclosure;
local exhaust ventilation

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If solutions of barium compounds get into the eyes,
wash eyes immediately with large amounts of water,
lifting the lower and upper lids occasionally. Get medi-
cal attention immedistely. Contact lenses should not be
worn when working with these chemicais.
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¢ Shun kxposure

If solutions of banum compounds get on the skin,
immediately flush the contaminated skin with water. If
solutions of banum compounds soak through the cloth-
ing, remove the clothing immediately and flush the skin
with water. If irmtauon persists after washing, get
medical attention.

* Breathing

If a person breathes in large amounts of soluble barium
compounds, move the exposed person to fresh air at
once. If breathing has stopped. perform artificial respi-
ration. Keep the affected person warm and at rest. Get
medical attention as soon as possible.

¢ Swallowing

When soluble banum compounds have been swallowed
and the person is conscious, give the person large
quantities of water immediately. After the water has
been swallowed, try to get the person toc vomit by
having him touch the back of his throat with his finger.
Do not make an unconscious person vomit. Get medical
attention immedintely.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casuaity. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL AND DISPOSAL PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from aceas of spills until cleanup
has been completed.

* If soluble barium compounds are spilled, the follow-.
ing steps should be taken:

1. Ventilate area of spill.

2. Collect spilled material in the most convenient and
safe manner and deposit in sealed containers for recla-
mation or for disposal in 8 secured sanitary landfill.
Liquids containing soluble barium compounds should
be absorbed in vermiculite, dry sand, earth, or s similar
material.

+ Waste disposal method:

Soluble barium compounds msy be disposed of in sealed
containers in a secured sanitary landfill.
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ACIFIRA IURY PHUITECTION FOR SOLUBLE BARIUM COMPOUNDS (AS BARIUM)

Condition

Minimum Respiratory Protection®
Required Above 0.5 mg/m?

Particutate Concentration

2.5 mg/m? or less

Any dust and mist respirator, except single-use. **

5 mg/m>? or less

Any dust and mist respirator, except single-use or quarter-mask respirator.
Any fume respirator or high efficiency particulate filter respirator.
Any supplied-air respirator.

Any self-contained breathing apparatus.

25 mg/m? or less

A high efficiency particulate filter respirator with a full facepiece.
Any supplied-air respirator with a full tacepiece, helmat, or hood.

Any self-comained breathing apparatus with a tuil tacepiece.

250 mg/m? or less

A Type C supplied-air respirator operated in pressure-demand or other positive
pressure mode or with a full facepiece, helmet, or hood operated in continuous-
flow mode.

A powered air-purifying respirator with a high afficiency particulate filter.

Greater than 250 mg/m? or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a fuil facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiace operated in pressure-demand o7 other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated 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.
Escape A high efficiency particulate filter respirator.

Any escape seli-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.
**it eye iTitation occurs, full-facepiece respiratory protective equipment should be used.



1. PUBLIC KLALTH STATEMENT

1.1 WHAT I5 BENZENE!?

Banzene is a naturally occurri=z substance produced by volcanoes
and forest fires and present {n macy plants and animals, but benzene is
also 2 major industrial chemical mads from coal and oil. As a pure
chamical, benzene i{s a clear, colotless liquid. In industry, benzens iz
used to make other intarmed{ate chexicals, as well as some types of
plastics, detergents, and peaticides. It {s alsoc a conmponent of
gasoline,

1.2 HOW MIGHT I BE EXPOSED TO BENZINI?

The three maln types of exposuse to benzene are environmental,
consumer products, and occupatlonal TUnquestionably, the greatest
potential for high-level axposures is in the workplace., However, the

greatest number of people ara exposed to lowsr levels of banzane in
cigarette smoke and automebile exhsus:t.

Environmental sources of benzeze include: gasoline filling
stations, vehicle exhaust fumes, c{javette smoke, undsrground storage
zanks that leak, vestewater from {nfustries that uss benzene, poorly
raintained tox{ic waste sites, chemi:zal spills, groundwater adjacent to

tandfi{lls containing benzene, and pessibly some food products containing
benzense a5 & natural constituent,

Occupations]l exposure to benzera can occur Iin the rubber industry;
oil refineries; chemical plants; the shoe manufacturing industry; and
gasoline storage, shipment, and ratsli stations.

Consumsr products containing benzens {nclude glues, adhesives,
household cleaning products, paint s:rippers, some art supplies,
cigarette smoke, &nd gasoline.

1.3 HOV DOES BENZERE GET INTO XY BOIY?

Bacause banzene svaporatos very guickly, the most common sxposure
to benzene comes from breathing air soctaining benzena.

Very small amounts of benzena a5 found in some foods, such as
canned beaf, and in contaminated dri=king water,

Although benzene can penetrate :he skin, it i{s rare for individuals
to come into contact with liquid bentame. Expogures through the skin are

not likely, axcept possibly through :onzact with benzene-containing
products such as gasolline.



1.4 HOW CAN BENZENE AFFECT NY HEALTH?

Banzena is toxic, especially to tha Blood-cell-forming tissusa. How

benzene affects your “salth would depend on how auch you ars exposed to
and for how long.

1.4.1 3Brief Expoaurs at High Levels

The main effects of brief exposurs to high levels of benzens are
drowsiness, d{zziness. and hoadaches. These symptons disappear after
9XPOsSUre kZops.

1.4.2 long-Term Exposures st Varicus Levela

Long-tern exposures To benzene may affect normal blood production,
possibly resulting in severe anemia and internal blesding. Some workers
oxpoged to high levels of benzens over & long period of tima have
developed leukenia (cancer of the white-blood-cell-forming tissus).
Benzene (s regarded as & human carcinogen, because death froc cancer has
occurrad in workers exposed to benzene for periods vanging from lass
than 5 to a8 much as 33 yearg. Bueh findings indlcste thact {ndividual
senzitivity as well as total dose i3 important in the davelopaent of
bsnzene-induced cancer.

Banzene {5 alse am animal carcinegen. In addition, there are human
and animal data i{ndicazing that bonzenes 1s toxic to the body’s natural
defense system (izmune system), increasing the chance for infaectlions and
impairing defense agalzst tumors.

There are also very limited human data suggesting that benzene may
be associatad with spoctaneous abortions and miscarriages in pregnant
women. In addition, anlixmal gtudies indicate adverss effacts on unborn
test animals such as lew birth velght, delayed bone formation, ard bone
marrow toxicicy. Some c¢f these effects {n animals occur at banzene
lavels as low as 10 ppz. The evidence for human reproductive effects,
however, is too limited fo establish a clear associstion.

1.5 15 THERE A MEDICAL TZST TO DETEZRMINE WHETHER I HAVE
BEEN EXPOSID TO BEXZENE?

Benzane ¢an be zeasursd in the blood and breath., The boecy changes
benzene to a chemical called phenol, which can be measured in ths urine.
Benzene (in blood) and phenol (in urine) concantrations have not been
correlated as yet with the degree of adverse health effects.

Bacause phenol occurs naturally i{n urine, urinary concentrations of
phenol must be signiffcantly above hackground concentrations before any
measurement {3 meaningful. Current technology limits the {ntaerpretation
and vallidity of Blood level values generated In vartious laboratorles,
Furthermore, because dberzene exXposurs can occur via smoking, blood
levels of benzens wust alao bs comparad with background conditions
before concluding that cther routes of exposure have occurred, For these
reasona, and until defiritive body burden levals can ba dotermined for
the normal population, cautious interpretation of the levels of benzene
and phenol determined in lscolated casee i3 racommended.
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1.6 WHAT LZVELS OF EXPOSURE HAVE RESTLTLD IN HARMFUL HEALTH EFFECTS!?

Tha graphs on the following pages show the relationship between
exposure to benzene and known health effects. In all graphs, effects in
a~‘=als are shown on the left sida, ef{fects in humans on tha right. The
first column, called "Short Terz,” refeczs to ovr Iindicates the known
“aalth effects from exposure to danzere for 2 weoka or less. The second
celump, "Long Term," rafers to or {ndlicates health effects that

snaracteristically occur following lorger exposure times (more than 2
veexs Lo yearaj.

In the first set of graphs, labeled *Health effects from breathing
Senzene" (Fig. 1.1), exposure is measured {n parts of banzene per
alilion parts of air (ppm). The numbers of cases of cancer that could
occur from breathing 1 ppm benzene have tbeen estimated to ba 260 per
20,000, 2,600 pexr 100,000, 26,000 por .,000,000, and 260,000 per
1¢,000,000 individuals. It should be noted that these risk values are

slaus{ble uppar-limit estimates. Actual risk levels are unlikely to be
nizher and may be lover.

in the second set of graphs, the saze relationship is represented
the known "Health effects from {ngesting benzeme™ (Fig. 1.2).
xpcsures are measured in milligrams of benzene per kilogram of body
etght (mg/%g). Information is insdequate to estimate health effects
scz absorbing benzene through the skin. Howsver, this does not negate
he posaibility of & hazard, because benzens is known to penetrate the

i
Y Y
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1.7 VHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMERT MADE T0O
PROTECT HUMAN HEALTH?

In terms of the nunmber of people expcssd to benzene, more

individuala are exposed outsi{de the workpiace than {n the workplace.
rewever, the highest levels of banzene exposures occur in the workplace.

The National Institute for Occupatioral Safety and Health (NIOSH)
tas recommended an occupational exposure Zlicit for benzene in air of 0.1
tarc of benzene per million perts of air (ppm). The Occupational Safaty
and Health Administration's (OSHA's) lezally enforceable limit is 1.0
Fr2 averaged over the standard 8.hour workday.

The Environmental Protection Agency (EPA) has developed regulatiens
sevting the maxi{mum perm{ssible level of benzene (n drinking water at
5 parts per biliion parts of wvacer (ppdb). In addition, EPA has
established as & puideline an ultimate poal of O ppdb for the maximum
leval of benzena in drinking water and in amblent water (such as rivers
an2 lakes), becauss of bonzene's ability to cause leukemia. EPA
teccgnizes that this goal may be unattainable and has estimated
cencentyations of benzene in ambient water that would be associatad with
ore additional cancer cass for every 100,000, every 1 million, and every
1¢ m21lion individuals. These concentrations in water are 6.6 pph, 0.66
P>, end 0.066 ppb, respectivaly.
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Fig. 1.1, Health effects from breathing beozenc.
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Fig. 1.2. Health effects from lngesting benzene,



3. CHENMICAL AND PHYSICAL INFORMATION
3.1 CHEMICAL ILENTITY

The chemical formula, structure, synonyms, and i{cdentiflcation
numbers for denzene are 1isted {n Table 3.1.

3.2 PHYSICAL AND CHEMICAL PROPERTIZS

The most isportant physical and chemical properties of benzens are
given in Tabla 3.2,

il



Tadde 3L Comica) Wentity of bevzane

Yalue Roeforvoom
Chemical name Bunzmoe |0nh C.I, Chem, Adsie,
Synonyms Alauikoe, btazecs, dbeaten, beazs, RTECS, Chemlios,

azae Metzol, benzole, bicarburet
o YpZropen, tarbon oll, coal aaphths,
acicheritrisan, fo02an, mineral
MRy motor beazol, NCI-C$5276,
DeaTaca beazstd, phade, pheny!

bydrze, pyrobenzol, pyrobeazole
Trade name Piiysosan
Chemical formula GHy
Wiswesser line notatlon | £
Chwituival sliucluie Hb F
wd oo
\\F q/l
M M
identification nemben
CAS Ragistry No. 1432
NIOSH RTECS No. CY-! 0000
EPA RCRA Humnfous Waste No, Uiy
ORM.TADS Ne. T
DOT/UN/NA/IMCO Shipping Na. Barzem ji14
STCC No. 493100

Hazardous Substances Data Bank No, 33

Merck Index, HSDE 1987

IARC 1932

RTECS, a reporind
ia HSDB 1947

1k C.1, Chem. Abne.
Tatkan and Lewn 193)
HSD3 1Y
HSDB 1587
HSDB 1947
HSDB 1547
HSDB 1907
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Tabh 32, Fiplical sad chembcal propection of boaaene

Proeny Yilue Referancm
Molecular weigh! 41 Wean ctal 1913
Physical J1as Cloar colorioms liquld Windbolz el al. 198)
Rbomble prismy Wt Ll 1908
Oder Aromaile WEPA 1986
Oder throbod 4.60 ppm Wi 1950
Tuite threaboid 0.5-4.3 mp/L EFA 1575, u Mported In
HIDB 15f?
Mehting poxat 5.3C Weas: et al 1708
Boiling poiz: 10.1°C ut 760 mm Hp Wewst et gl [983
Density® 0.8743 |/=m’ Wewrt et al. 1983

Conmatrion {reuc

Solydliny

Waler

Nonaquecst kolveay
Adothos
Etber
Chlorslam
Carbor dinulNide
Acetoat
Olls

Partition coc/Ticiest (log P}
{octanel/waies)

Partition cocMiczst (log M)
{blood /uit)

Yipor presscre

Yiscouiy
Heal capacity
Surface lsnaon

Liquid-water intsr/acia] tenslon

Latent beat of veporization
Ratlo of 1pecii’c Dests of vapor
Critical emperisase

Criticat premar

Critlead densty

Soil adserptiag cocTiclent (Koc)
Rulractive pdex (8™

1 ppm 3 1.26 mg/m’ at 20°C
1 mg/m” = 0.3} ppm

0.072% (wmi/wi) gt 22°C
320 mg/L 01 23°C
1000 my /L at 23°C

1787 mg/L m 25°C

Miscible
Mischle
Mischbie
Miscible
Miscinle
Mlsolble

L3213
14

45,53 toer a1 10*C
$5.18 torr &t 35°C
1828 torr a1 $0.0¢°C

0.125 atm a1 23°C

0.654 sentipolse i1 20°C
0.2499 cal/g/*C a1 35°C

8.9 dynjem a1 20°C
{0.0139 newion/m)

33.0 dynfem at 20°C
(0.0289 pewton/m)

169 BTU/

1.081

anesC

4.7 am

0.304 g/mL

0.3-100 {s0e Sect. 1.2)
1.30t}

Vaxtoern 194)

Jaztman 1975
Crrex: &1 al 1977
Knuncubehekovs and Qubergrits

1575, as reporied in CHEMFATE 1987

Chicu ef ol 1942

Wadboll at sl 1983
Wadbolz et al. 193)
Wadholz ot al. 193)
VWnddolz ¢ sl 1982
Wadhols et sl 1583
Windholz ot o, 1583

Lac et al i9)}
Se red Nukagleme 1979

Zvziirakl and Wilhgit 1971, u
roperad i CHEMPATE 1507

Thdedeaus 1981
Jazxman 1373
Jazkmas §975
Wem 1980

Weans 1980

Waas 1940
Wem 1930
Jeaamaz 1973
Jasksan 1913
Jockmar 197§
Ropern ot sl 1930
Wast ot sl 1938
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Table 32 (cratsced)

Propeny

Yulue

Rafarvocm

UY sbrorption cosfTicient
{in watet)

Saduler relerence aumber

Flath paiat
Autslgnitica temperature
Flammable limiu

Burning taie

Heat of combustion
Vipor-air danulty
Vaper volume

Evaporatioa rals

Evaporstioa haiflife
(fiom waler)

Henny's law constant
Reactvlty i walsr
OH Radical - Rate soostant

Haiflifs
Photodegradstion in it

Rasctivity in nir
OH Radica) . Rals constan:

Halfllre

0; Radical + Rate corutsat
Halflife
Rate constant
Halflifs

O(3P} Radical - Rate conatant

700G L /mol-cro at 200 nm
2X Lemol<m af 155 am

6402 (IR, prism)
136 (IR, geating)
1% (UV)

3403 (NMR)

trr

10 F

1.2% Cower ilmit)
T.1% Lupper Hmit)
§.C mm/min

=1 1,406 Bu/lb
14w 10Q'F
ne!

(1o evaper.)

L1 (ezher w» |)
b

i3

53 X 107 um m?/mal

3.0 x 10 L/mols
0.7 % 109 L/mol (25°C)

0.7] year

Ne Lswct photolysls; does not
wbeaey o1 290 am or loager

08 X 10712 an/meuls (27°C)
0.13 x 10 em? fmeulas (25°C)
0.114 X 107" ean?/meuts (25°C)

U dan

0.2 X 303 e fmeuta 24°C)

ch. %0 ymans

0.3 X 1079 em?/mouls (24C)

124 yexn

220 X 107" em? ymeuks (27°C)

Setzkorn and Huddioston 965

Woast st sl 1979, &
reponed I HSDE 1907

NEPA 1986
NFPA {986
NFPA 1936

Weiu 1930
Weia 1980
NEPA 1986
AAl 1580

AAL 1580

Thomas 1982
Mackay and Lalnoner 1973,
Mackay and Yeuo 198)

Mecray and Lainoace (973

Anbar and Neta 1967

Dotfman and Adamu 1975, u
teporied in CHEMFATE 1987

Anbar and Nata 1967

Howard and Durkin 1973, 1
ceparied in CHEMFATE 1347

Cox ¢1 . [980
GalTaay snd Leving 1979
Loreaz and Zellner 198"
Cox ot al. 15980
Pita et ad, 1970

Patz 1 al. 1976

Hampson 1980, sa
reponiad in CHEMFATE 1957

'Rulum desulty: Ratlo of 1
"Dita originally repocted as cn

b»;uu daaalty of benzene 3t 20°C to absolute density of water at 4°C,



Occupational Health Guideline for
Cadmium Dust (as Cadmium)*

INTRODUCTION

This guideline is intended as a source of information for
empioyees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertineat information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to all cadmium dust. Physical and chemical
properties of several specific compounds are provided
for illustrative purposes.

SUBSTANCE IDENTIFICATION

Cadmium metal dust

+ Formula: Cd
* Synonyms: None
e Appearance and odor: Odorless, gray powder.

Cadmium oxide dust

¢ Formula: CdO

* Synonyms: None

» Appearance and odor: Odorless, brown solid or biue-
black solid.

Cadmium sulifide dust

¢ Formula: CdS
+ Synonyms: Greenockite
* Appearance: Yellow-orange solid.

Cadmium chloride dust

+ Formula: CdCl,
s Synonyms: None
* Appearance: White solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for cadmium dust 1s 02
milligram of cadmium dust per cubic meter of air (mg
m?) averaged over an eight-hour work shift, with a
ceiling ievel of 0.6 mg/m* NIOSH has recommended
that the permissible exposure limit be reduced 1o 0
micrograms of cadmium per cubic meter of air (ug/m?)
averaged over a work shift of up to [0 hours per day. 40
hours per week. with a ceiling level of 200 ug/m?
averaged over a 15.minute period. The recommendas-
tions in this guideline suppiement the recommendations
in the NIOSH Criteria Document for Cadmium, which
should be consulted for more detailed informauoo.

HEALTH HAZARD INFORMATION

* Routes of exposure

Cadmium dust can affect the body if it is inhaled. 11 can
aiso affect the body if it is swallowed.

* Effects of overexposure

1. Short-term Exposure: Cadmium dust may cause irnta-
tion of the nose and throat. If encugh has been inhaled.
after a delay of several hours, a person may also develop
cough, chest pain, sweating, chills, shortness of breath,
and weakness. Death may occur. Ingestion of cadmium
dust may cause nausea, vomiting, diarrhea, and abdomu-
nai cramps.

2. Long-term Exposure: Repemed or prolonged expo-
sure 10 cadmium dust may cause loss of sense of smeil,
ulceration of the nose, shortness of breath (emphyse-
ma), kidney damage, and mild anemia. Exposure 10
cadmium hss also been reported to cause an increased
incidence of cancer of the prostaie in man. Injections of
cadmium sulfate 1n animals have been reported to cause
malformation in their offspring.

1. Reporting Signs and Sympioms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
cadmium dust.

* Recommended medical surveillance

These recommendatons reflect good indusinal hygiene and meadical surveillance practices and ther implementation wil!
assist in achieving an effective cccupatonal heaith program. However, they may not be sufficient to achieve compliance
with all requirements of OSHA reguiatons.

U.5. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Pubiic Heaith Sernce Centers for Drseass Control
Nanonal Instnute tor Occupatonal Satety and Heaith

September 1978

U.S. DEPARTMENT OF LABOR
Occupational Safety and Health Admrustration



The following medical procedures shouid be made
avaiiable to each employee who 1s exposed to cadmium
dust at potentially hazardous ieveis:

{. Initial Medical Examination:

—A complete history and physical examination: The
purpose is 1o detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a basetine for future heatth monttonng. Exami-
nation of the respiratory systemn. liver. kidneys, pros-
tate. and blood should be stressed.

—Unnalysis: Since Xidney damage has been observed
in humans exposed 1o cadmium. a urinalysts should be
obtained to include, at a mumimum, specific gravity,
albumin, giucose, and a microscopic on centrifuged
sediment. In addition. the unne should be examined for
iow molecular weight proteins by use of 3% sulfosalicy-
lic or other acceptable techniques.

—14"" x 17" chest roentgenogram: Cadmium causes
human lung damage. Surveillance of the lungs is indi-
cated.

—Liver function tests: Cadmium may cause liver
damage. A profile of liver function should be obtained
by utilizing a medically acceptable array of biochemical
Lests.

—FVC and FEV (l sec): Cadmium 1s reported to
cause decreased pulmonary function. Penodic surveil-
lance is indicated.

2. Periodic Medical Examination: The 2forementioned
medical examinations should be repeated on an annual
basis. except that an x-ray is considered necessary only
when indicated by the resuits of pulmonary function
testing, or by signs and symptoms of respiratory disease.
Urine protein measurements should be made available
every four months.

+ Summary of toxicology

Cadmium dust causes both acute and chronic effects. It
ts less toxic than cadmium fume. because dust has a
larger particle size than fume; at high concentrations of
the dust, physiologic effects similar to those arnising
from fume exposure couid be expected. The acute
effects pnmaniy involve the lungs but may also affect
other organ systems. Most acute intoxications have
been caused by inhalation of cadmium fume at concen-
trations which did not provide warning symptoms of
irritation. The average concentrations of fume responsi-
ble for fatalities have been 40 to 50 mg/m? for 1 hour, or
9 mg/m? for § hours. Non-fatal pneumonitis has been
reported from concentrations of 0.5 to 2.5 mg/m?, while
relatively mild cases have been attributed to even lower
concentrations. Following an asymptomatic latent
period of 4 to 10 hours, there is characteristical naso-
pharyngeal irritation followed by a feeling of chest
constriction or substernal pain. with persistent cough
and dyspnea; there may also be headache, chills, muscle
aches, nausea, vomiting, and diarrhea. Pulmonary
edema may then develop and progress rapidly, with
decreased vital capacity and markedly reduced carbon
monoxide diffusing capacity. Cyanosis may be intense.
In about 20% of the cases the dyspnea s progressive,

2 Cadmium Dust {as Cadmium)

iccompanied by wheezing or hemoptysis. and may
result in death within 7 to 10 days after exposure; at
autopsy the lungs are markedly congested. and there 1s
an intra-alveolar fibrinous exudate, as well as alveolar
cell metaplasia. Among survivors, the subsequent
course 1$ unpredictable: most cases resoive siowly, but
respiratory symptoms may finger for several weeks.
while impairment of pulmonary function may persist for
months. In expertmental animais, cadmium exposure
has caused pulmonary fibrosis. but this has not been
documented in humans. In one fatal human case, In
addiuon to lung abnormalities, there was renal cortcai
necrosis. Absorbed cadmium is retained 10 a large
extent by the body, and excretion is very slow. Contin-
ued exposure to low levels of cadmium in air has
resulted in chronic poisoning characterized by irrevess.
ible lung injury of an emphysematous type, with abnor-
mal lung function and urinary excretion of a specific
low-moiecular-weight protein which may be associated
with renal dysfuncuon. Clinical evidence of the cumula-
tive effects of cadmium may appear after exposure has
terminated: the disease then tends to be progressive.
The frequency of occurrence of proteinuna increases
with length of exposure: those exposed to cadmium
compounds for less than 2 years had no proteinuna,
whereas most of those exposed for 12 years or more had
proteinuna with littie other evidence of renal damage.
The urinary excretion of cadmium bears no known
relationship to the severity or duration of exposure and
is only a confirmation of absorption. Other conse-
quences of cadmium exposure are rhinitis, occasional
ulcerauon of the nasal septum, damage to the olfactory
nerve, and anosmia. The long-term ingestion of water.
beans, and rice contaminated with cadmium has been
proposed as the probable cause of a cnippling condition
among Japanese women who have had multiple preg-
nancies; severe pain in the back and joints. a waddly
gait, osteomaiacia, spontaneous fractures, and occasion-
al fatal renal failure are charactenstics of the disorder.
which has been termed “itai-itai.”" Subcutaneous inyec-
tion of cadmium metal suspended in fowl serum pro-
duced rhabdomyosarcomata in rats; cadmium sulfate in
sterile distilled water produced sarcomata; and cadmi-
um chlonde solution produced pileomorphic sarcomata
at the injection site. Increased incidence of prosiatic
cancer has been reported following occupational expo-
sure to cadmium. Cadmium sulfate injected into the
lingual vein of female hamsters on day 8 of pregnancy
caused a high incidence of resorption and malformed
offspring; acute necrosis of rat testes follows large doses
oraily or parenterally, but tasticular effects have not
been reported in humans.

September 1978



CHEMICAL AND PHYSICAL PROPERTIES

* Physical data—Cadmium metal dust

1. Molecular weight: 112.4

2. Boiling point (760 mm Hg): 767 C (1412 )

3. Spectfic gravity {(water = |): 8.642

4. Vapor density (air = | at boiling point of cadmi-
um metal dust): Not applicable

5. Melung point: 321 C (609 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F).
Insolubie

8. Evaporanon rate (butyi acetate = 1): Not applica-
ble
¢ Physical data—Cadmium oxide dust

1. Molecular weight: 128.4

2. Boiling point (760 mm Hg): 900 C (1652 F) (sub-
limes and decomposes)

3. Specific gravity (water = 1): 6.950r 8.15

4. Vapor density (air = 1 at boiling point of cadmi-
um oxide dust): Not applicable

5. Melting point: 900 C (1652 F) (sublimes and de-
composes}

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
0.0005

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Physical data—Cadmium sulfide dast

1. Molecular weight: 144.5

2. Boiling point (760 mm Hg): Sublimes in N; at 980
C (1796 F)

). Specific gravity (water = 1): 4.82

4. Vapor density {(air = | at boiling point of cadmi-
um sulfide dust): Not applicabie

5. Melting point: 1750 C (3182 F) at 100 atm.

6. Vapor pressure at 20 C (68 F): Essentiaily zero

7. Solubility in water, g/100 g water at 20 C (68 F):
0.0001

8. Evaporation rate (buty! acetate = 1}: Not applica-
bie
+ Physical data—Cadmium chloride dust

1. Molecuiar weight: 183

2. Boiling point (760 mm Hg): 960 C (1760 F)

3. Specific gravity (water = 1): 4.047

4. Vapor demity (air = | at boiling point of cadmi-
um chloride dust): Not applicable

5. Melting point: 568 C (1054 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
140

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
o Reactivity

1. Conditions contributing to instability: None haz-
ardous

2. Incompatibilities: Contact of cadmium metal dust
with strong oxidizers or with elemental sulfur, selerium,
and tellurium may cause fires and explosions.
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1. Hazardous decomposition products: Toxic gases
and vapors (such as cadmiumm oxide fume) may be
released in a fire involving cadmium dust.

4. Special precautions: None
* Flammability

1. Flash point: Not applicable

2. Autoignition temperature: 250 C (482 F) (laver
(cadmium metai dust)

3. Minimum expiosive dust concentration: Data not
available

4. Extinguishant: Dry powder for metal fires
* Warning properties
Grant states that “cadmium is 3 very toxic metal which
gives off fumes when burmed or heated strongly. Char-
acteristically these fumes cause dryness and irntation of
the throat, followed in 2 few hours by nausea and
diarrhea. Smarting of the eyes occurs relatively infre-
quently, and no injury to the eyes of human beings has
been reported. Neither eye nor respiratory irnitation 1s
enough to prevent exposures which may cause serious
systemic poisoning and damage to the lungs.”

MONITORING AND MEASUREMENT
PROCEDURES

* Eight-Hour Exposure Evaluation

Measurements 10 determine employee exposure are best
taken 50 that the average cight-hour exposure is based
on a single eight-hour sampie or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the empioyee).

¢ Celling Evalustion

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of cadmium dust. Each mea-
surement should consist of a fifteen (15) minute sampie
or series of consecutive samples totalling fifteen (15
minutes in the employee's breathing zone (air that
would most nearly represent that inhaled by the em-
ployee). A minimum of three (3) measurements should
be taken on one work shift and the highest of ali
measurements taken is an estimate of the employee’s
exposure.

* Metbod

Sampling and analyses may be performed by collection
of cadmium dust on a filter, followed by treatment with
nitric acid, solution in hydrochloric acid, and atomic
absorption spectrophotometric analysis. An analytica:
method for cadmium dust is in the NIOSH Manual o7
Analytical Methods. 2nd Ed., Vol. 3, 1977, available
from the Government Prinung Office, Washington

*D.C. 20402 (GPO No. 017-033-002614).
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RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used 1o control exposure. Respirators may be used
when engineering and work practice controls are not
technucally feasible. when such controls are in the
process of being insialled. or when they fail and need to
be supplemented. Respirators may also be used for
operatians which require entry nto tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

» In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular traiming, maintenance, inspection.
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* If employees’ clothing has had any possibility of
being contaminated with cadmium dust, employees
should change into uncontaminated clothing before
leaving the work premises.

* Clothing which has had any possibility of being
contaminated with cadmium dust should be placed in
closed containers for storage until it can be discarded ot
until provision is made for the removal of cadmium dust
from the clothing. If the ciothing is to be laundered or
otherwise cleaned to remove the cadmiom dust, the
person performng the operation should be informed of
cadmium dust’s hazardous properues.

* Employees should be provided with and required to
use dust-resistant safety goggles where there is any
possibility of cadmium chlonde dust contacting the
eyes.

» Where there is any possibility that employees’ eyes
may be exposed to cadmium chloride dust, an eye-wash
fountain should be provided within the immediate work
area for emergency use.

SANITATION

* Workers subject to skin contact with cadmium dust
should wash with soap or mild detergent and water any
areas of the body which may have contacted cadmium
dust at the end of each work day.

» Eating and smoking should not be permitted in areas
where cadmium dust is handled, processed, or stored.
» Employees who handle cadmium dust should wash
their hands thoroughly with soap or mild detergent and
water before eating or smoking.

4 Cadmium Dust (ae Cadmium)

COMMON OPERATIONS AND CONTROLS

The following list inciudes some common operations in
which exposure to cadmium dust may occur and con-
trol methods which may be effective in each case:

Controis

Local exhaust
ventilation; personai
protective aquipment

Operation

Liberation from
fabncation of cadmwm-
plated manne. aircraft,
and motor vehicie
equipment tor
corrosion-resistant
coatings

Process enclosure;
iocal exhaust
vantilation; personal
protective equipment

Liberation duning
processing of cadmium
metal

Process enclosure;
local exhaust ventilation

Liberation in synthesis
of cadmium compounds

Local exhaust
ventitation; personal
protective equipment

Liberation in
manufacture and
fabncation of cadmium
alloys; recovery from
flue dusts during
smelting of lead and
zZinG operations

Liberation during
manufacture of nuclear
reactor rods

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
¢ Eye Exposure

If cadmium dust gets into the eyes, wash eyes immedi-
ately with large amounts of water, lifting the lower and
upper lids occasionally. If irntavon is present after
washing, get medical attention. Contact lenses should
not be worn when working with this chemical.

¢ Skin Exposure

If cadmium dust gets on the skin, wash the contaminat-
ed skin using soap or mild detergent and water. Be sure
to wash the hands well before eating or smoking and at
the close of work.

* Breathing

If a person breathes in large amounts of cadmium dust,
move the exposed person 1o fresh air at once. If
breathing has siopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.

* Swallowing

When cadmium dust or liquids containing cadmium
dust have been swallowed and the person is conscious,
give the person large quantities of water immediately.
After the water has been swallowed, try to get the

Process enclosure;
local axhaust ventilation
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throat with his finger. Do not make an unconscious
person vomit. Get medical attention immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome. notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locauons of rescue equipment before the need
arises.

SPILL AND DISPOSAL PROCEDURES

« Persons not weanng protective equipment and cloth-
ing should be restricted from areas of releases until
cleanup has been completed.

¢ If cadmium dust is released in hazardous concentra-
tions, the following steps shouid be taken:

1. Remove all ignition sources.

2. Ventilate area of reiease.

3. Collect released material in the most convenient and
safe manner for reciamation or for disposal in sealed
conainers in a secured sanitary landfill.

* Waste disposal method:

Cadmium dust may be disposed of in sealed containers
in a secured sanitary landfill.
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* SPECIAL NOTE

The International Agency for Research on Cancer
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has concluded that they cause cancer. See JARC Mono-
graphs on the Evaluation of Carcinogenic Risk of Chemi-
cals 10 Man, Volume 2, 1973, and Volume 11, 1976
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RESPIRATORY PROTECTION FOR CADMIUM DUST (AS CADMIUM)

Condition

Minimum Respiratory Protection®
Required Above 0.2 mg/m?

Dust Concentration

1 mg/m? or less

Any dust respirator, except single-use.

2 mg/m? or less

Any dust respirator, except single-use or quarter-mask respirator,
Any tgh efficiency paniculate filter respirator.
Any supphed-air respirator.

Any self-contained breathing apparatus.

10 mg/m? or less

A high efficiency panticulate filter respirator with a fult facepiece.
Any supplied-air respirator with a full facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full facepiece.

40 mg/m?* or less

A powered air-puntying respirator with a high efficiency particulate filter.

A Type C supplied-air respirator operated in pressure-demand or other positive
pressure or continudus-tiow mode.

Greater than 40 mg/m? or

Self-contained breathing apparatus with a full facepiece operated in pressure-

entry and escape from daemand or other positive pressure mode.

unknown concentrations
A combination respirator which includes a Type C supplied-air respirator with a
tuit tacepiece operated in pressure-demand or other positive pressure or continu-
ous-fiow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Selff-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

Escape Any dust respirator, except single-use.

Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.



Occupational Health Guideline for
Chlorobenzene

INTRODUCTION

This guideline is intended as a source of information for
employees. employers, physicians, industnal hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

¢ Formula: C4H,Cl

* Synonyms: Monochlorobenzene;
phenyi chioride; MCB

» Appearance and odor: Colorless liquid with a mild
arotnatic odot.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for chlorobenzene is 75
parts of chlorobenzene per million parts of air (ppm)
averaged over an eight-hour work shift. This may also
be expressed as 330 milligrams of chiorobenzene per
cubic meter of air (mg/m?).

MEALTH HAZARD INFORMATION

» Routes of exposure

Chlorobenzene can affect the body if it is inhaled or if it
comes in contact with the eyes or skin. [t can also affect
the body if it is swallowed.

+ EMNects of overexposure

1. Short-term Exposure: Chlorobenzene may cause
drowsiness, incoordination, and unconsciousness. It
may also cause irritation of the eyes, nose, and skin.
Exposure to high levels might also cause liver damage.
2. Long-term Exposure: Prolonged or repeated skin con-
tact with chlorobenzene liquid may cause skin burns.
Prolonged or repeated exposure to this chemical might
also result in liver, kidney, or lung damage.

3. Reporting Signs and Sympioms: A physician should be
contacted il anyone develops any signs or symptoms

chlorobenzol;

and suspects that they are caused by exposure to
chlorobenzene.

¢ Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to chloro-
benzene at potentially hazardous levels:

1. Initial Medical Screening: Employees should be
screened for history of certain medical conditions
(listed below) which might place the employee at
increased risk from chlorobenzene exposure.

—~Skin disease: Chlorobenzene can cause dermatitis
on exposure. Persons with pre-existing skin disorders
may be more susceptibie to the effects of this agent.

—Liver disease: Chlorobenzene is known as a liver
toxin in animals. The importance of this organ in the
biotransformation and detoxification of foreign sub-
stances shouid be considered before exposing persons
with impaired liver function.

—Kidney disease: Although chlorobenzene is not
known as a kidney toxin in humans, the importance of
this organ in the elimination of toxic substances justifies
special consideration in those with impaired renal func-
tion.

—Chronic respiratory disease: [n persons with im-
paired pulmonary function, especially those with ob-
structive airway diseases, the breathing of chloroben-
zene might cause exacerbation of symptoms due to its
irrtant properties.

2. Periodic Medical Examination: Any employee devel-
oping the above-listed conditions should be referred for
further medical examination.

¢ Summary of toxicology

Chlorobenzene vapor is a narcotic. Cats exposed to
8,000 ppm showed severe narcosis after ¥ hour and
died 2 hours after removal from exposure, but 660 ppm
for ! hour was tolerated. Exposed animals showed eye
and nose irntation, drowsiness, incoordination. and
coma followed by death from the most severe ¢xpo-
sures. Several species of animals exposed to 1,000 ppm
for 7 hours/day, 5 days/week over a period of 44 days
showed histopathologic changes in the lungs, liver, and

These recommendations reflect good industriat hygiene and medical surveillance practices and thair impigmentation wiil
assist in achieving an effective occupational heaith program. However, they may not be sufficiert (o achieve comphance
with all requrements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Pubiic Heaith Service  Centers for Disease Control
National insttute tor Occupatonal Safety and Heaith
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kidneys, but at 475 ppm there was only slight liver
histopathology in guinea pigs. Toxicologic studies and
experience indicate that chlorobenzene does not cause
the type of blood changes seen with benzene exposure.
In man, eye and nasal irritation begin to occur at 200
ppm. and at that level the odor is pronounced and
unpleasant; industrial experience indicates that occa-
sional short exposures are not likely to result in more
than minor skin irntation, but prolonged or frequently
repeated contact may result in skin burns. In one case of
‘accidental poisoning from ingestion of the liquid by a
child there was pallor, cvanosis, and coma, followed by
complete recovery. Occupational intoxication has not
been reported.

CHEMICAL AND PHYSICAL PROPERTIES

» Physical data

1. Molecular weight: 112.5

2. Boiling point (760 mm Hg): 132 C (270 F)

1. Specific gravity (water = 1): 1.1

4. Vapor density (air = | &t boiling point of chloro-
benzene): 3.9

5. Melting point: —44 C (47 F)

6. Vapor pressure at 20C (68 F): 8.8 mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
0.05

8. Evaporation rate (butyl acetate = 1): 1
* Reactivity

1. Conditions contributing to instability: Heat

2. Incompatibilities: Contact with strong oxidizers
may cause fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vepors (such as hydrogen chloride, phosgene, and
carbon monoxide) may be reieased in 2 fire involving
chlorobenzene.

4. Special precautions: Liquid chlorobenzene will
attack some forms of plastics, rubber, and coatings.
* Flammasbility

|. Flash point: 28.9 C (84 F) (closed cup)

2. Autoignition temperature: 638 C (1180 F)

3. Flammable limits in air, % by volume: Lower: 1.3;
Upper: 1.1

4. Extinguishant: Carbon dioxide; dry chemical,
foam
+« Warning properties
According to both Deichmann and Gerarde and the
ATHA Hygienic Guide, the odor of chlorobenzene is
“barely perceptible” at 60 ppm, 3 concentration below
that of the permissible exposure. Chlorobenzene i
considered to have good warning properties. It is an eye
irritant, as stated by Patty, but the exact concentrations
at which this irritation occurs are not mentioned.

MONITORING AND MEASUREMENT
PROCEDURES
* General

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based

2 Chiorobenzens

on a single eight-hour sampie or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
cxposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the emplovee).

¢ Method

Sampling and analyses may be performed by collection
of vapors using an adsorption tube with subsequent
desorption with carbon disuifide and gas chromatogra-
phic analysis. Also, detector tubes certified by NIOSH
under 42 CFR Part 84 or other direct-reading devices
calibrated to measure chlorobenzene may be used. An
analytical method for chlorobenzene is in the NIOSH
Manua! of Analytical Methods, 2nd Ed., Vol. 2, 1977,
available from the Government Printing Office, Wash.
ington, D.C. 20402 (GPO No. 017-033-00260-6).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the uge of
respirators is necessary, the only respirstors permitted
are those that have been approved by the Mine Safety
and Health Administration {formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupationsal Safety and Health,

¢ In addition to respirator selection, a complete respirs-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary o prevent repeated or prolonged skin contact
with liquid chlorobenzene.

* Clothing wet with liquid chlorobenzene should be
piaced in closed containers for storage until it can be
discarded or until provision is made for the removal of
chlorobenzene from the clothing. If the clothing is to be
laundered or otherwise cleaned to remove the chloro-
benzene, the person performing the operation should be
informed of chlorobenzene’s hazardous properties.

s Any clothing which becomes wet with liquid chloro-
benzene should be removed immediately and not
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reworn until the chlorobenzene is removed from the
clothing.

¢ Employees shouid be provided with and required to
use splash-proof safety goggles where liguid chloroben-
zene may contact the eyes.

SANITATION

+ Skin that becomes wet with liquid chlorobenzene
should be promptly washed or showered with soap or
mild detergent and water to remove any chlorobenzene.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to chlorobenzene may occur and con-
trol methods which may be effective in each case:

Operation Controls
Use in manufacture of Local exhaust
phenol in synthesis of ventilation

polymeric materials

Use as an intermediate
in manutacture of ortho-
and para-nitrobenzenes
for use in dye
manufacture;
manufacture of DOT,
anitine, picric acid, beta-
chloroanthraquinone,
and other chemicals;
manufacture of rubber
adhesives and
adhesives

Use as fiber swelling
agent and dye camier in
textile processing

Usea as tar and grease
remover in cieaning and
degreasing operations
Use as solvent in
surface coatings and

Process enciosure

Local exhaust
ventilation

Local exhaust
ventilation

Proceas enciosure;
local exhaust

surface coating
removers

Use as exiractant in
manufacture of

ventilation; personal
protective equipment

Local sxhaust
ventilation

diisocyanates, rubber,
perfumes, and
pharmaceuticals

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
+ Eye Exposure

If chlorobenzene gets into the eyes, wash eyes immedi-
ately with large amounts of water, lifiing the lower and

September 1978

upper lids occasionally. Get medical attenuon immed:-
ately. Contact lenses should not be worn when working
with this chemical.

* Skin Exposure

If chiorobenzene gets on the skin, promptly wash the
contaminated skin using soap or mild detergent and
water. If chlorobenzene soaks through the clothing.
remove the clothing immediately and wash the skin
using soap of mild detergent and water. If irntation
persists after washing, get medical attention.

* Breathing

If a person breathes in large amounts of chlorobenzene.
move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
astention as soon as possible.

* Swallowing

If chiorobenzene has been swallowed, do not induce
vomiting. Get medical attention immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become & casuaity. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

¢ Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cleanup has been completed.

¢ If chlorobenzene is spilled or leaked, the foilowing
steps shouid be taken:

1. Remove all ignition sources.

2. Ventilate area of spill or jeak.

3. For small quantities, absorb on paper towels. Evapo-
rate in a safe place (such as a fume hood). Allow
sufficient time for evaporating vapors to completely
clear the hood ductwork. Burn the paper in a suitable
location away from combustible materials. Large quan-
tities can be reclaimed or collected and atomized in a
suitable combustion chamber equipped with an appro-
priste effluent gas cleaning device. Chlorobenzene
should not be allowed to enter a confined space, such as
a sewer, because of the possibility of an explosion.
Sewens designed to preclude the formation of explosive
concentrations of chlorobenzene vapors are permirted.
s Waaste disposal method:

Chiorobenzene may be disposed of by stomizing in a
suitable combustion chamber equipped with an appro-
priate effluent gas cleaning device.
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RESPIRATORY PROTECTION FOR CHLOROBENZENE

Condition Minimum Respiratory Protection®
Required Above 75 ppm
vapor Concentration
1000 ppm of less A chemical cartridge respirator with a full facepiece and an organic vapor
cartridge(s).
2400 ppm oOf lass A gas mask with a chin-style or a front- or back-mounted Ofganic vapor canister.
Any suppliad-air respirator with a full facepiece, helmet, or hood.
Any saif-contained breathing apparatus with a tull facepiece.
Greater than 2400 ppm or Self-contained breathing apparatus with a full facepiece operated in pressure-
entry and escape from demand or other positive preasure mode.

unknown concentrations

A combination respirator which includes a Type C supplied-air respirafor with a
tull tacepiece operated in pressure-demand or other positive pressure of continu-
ous-low mode and an auxiliary seif-contained breathing apparatus operated 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.
Escape Any gas mask providing protection against organic vapors.

Any escape seif-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.
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- Occupational Health Guideline for
Chromium Metal and insoluble Chromium Salts'

INTRODUCTION

This guideline 13 intended as & source of information for
employees, employers, physicians, industrial hygienists,
and other occupational heaith professionals who may
have a need for such information. [t does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to all chromium metal and insoluble chromium
salts. Physical and chemical properties of some specific
compounds are provided for illustrative purposes.

SUBSTANCE IDENTIFICATION

Metalllc chromium

* Formuls: Cr
e Synonyms: None
* Appearance and odor: Shiny, odorless metal.

Copper chromite

* Formula: CusCryQO,
* Synonyms: Cuprous chromite
* Appearance and odor: Greenish-biue, odoriess solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for chromium metal or
insoluble chromium salts is | milligram of chromium
metal or insoluble chromium salts per cubic meter of air
(mg/m?) averaged over an eight-hour work shift. Cer-
tain forms of chromium (VT) have been found to cause
increased respiratory cancer among workers. Certain
other forms of chromium (VT) are currently believed to
be non-carcinogenic: The non-carcinogenic forms are
the monochromates and bichromates (dichromates) of
hydrogen, lithium, sodium, potassium, rubidium,

cesium, and ammonium, and chromium (V1) oxide
{chromium acid anhydride). NIOSH has not conducted
an in-depth study of the toxicity of chromium metal or
compounds containing chromium in an oxidation state
other than 6. NIOSH recommends that the permissible
exposure limit for carcinogenic chromium (VI) com-
pounds be reduced to 0.001 Cr (VI) mg/m* and that
these compounds be regulated as occupastional carcino-
gens. NIOSH also recommends that the permissible
exposure limit for non-carcinogenic chromium (V1) be
reduced to 0.025 Cr (VI) mg/m? averaged over a work
shift of up to 10 hours per day, 40 hours per week, with
a ceiling level of 0.03 Cr (VI) mg/m?* averaged over a
15-minute period. It is further recommended that chro-
miurn (V) in the workplace be considered carcinogen-
ic, unless it has been demonstrated that only the non-
carcinogenic chromium (VI) compounds mentioned
above are present. The NIOSH Criteria Documents for
Chromic Acid and Chromium (V1) should be consuited
for more detailed information.

HEALTH HAZARD INFORMATION

¢ Roates of exposurs
Chromium metal or insoluble chromium saits can affect

the body if they are inhaled. They can also affect the
body if they are swallowed.

* Effects of overexposure

Ferro chrome alloys have been associated with lung
changes in workers exposed to these alloys. Chromite
dust exposure may cause minor lung changes.

¢ Reporting signs and symptoms

A physician should be contacted if anyone develops any
signs or symptoms and suspects that they sre caused by
exposure to chromium metal or insoluble chromium
salts.

* Recommesded medical surveillance

The following medical procedures should be made
available to each employee who is exposed to chromi-
um metal or insoluble chromium salts at potentially
hazardous levels:

These recommendations refiect good industrigl hygiens and medical surveillance practices and therr impiemeniation w
assis! in achiewving an eftective occupational heaith program. However, they may not be sutticient 10 achieve comphance
with all requiremaents of OSHA reguiations.
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1. Initial Medical Examination:

—A complete history and physical exsmination: The
purposc 1S to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitonng. Exami-
nauon of the respiratory system shouid be stressed.

—14" x 17" chest roentgenogram: Chromium and its
insoluble salts may cause human lung damage. Surveil-
lance of the lungs is indicated.

—FVC and FEV (] sec): [nsoluble chromium salts
are reported to cause decreased pulmonary funcuon.
Penodic surveillance is indicated.

2. Penodic Medical Examination: The aforementioned
medical examinations shouid be repeated on an annual
basis.

+ Summary of toxicology

The dusts of chromium metal and its insoluble salts,
chiefly the chromites, are usually reported to be rela-
tively nontoxic; this is debatable, since exposures associ-
ated with toxic effects are usually mixed exposures
involving several hexavalent chromium compounds.
Fertochrome alloys have been associated with pulmon-
ary disease in humans. Four workers engaged in the
production of ferrochrome alloys developed a nodular
type of puimonary disease with impairment of puimon-
ary function; air concentrations of chromium in this
study averaged 0.26 mg/m?, although other fumes and
dusts were also present. This pulmonary problem may
be one of hypersensitivity and thus reversible. Other
reports state that chest roentgenograms have revealed
only “exaggerated pulmonic markings” in workers ex-
posed to chromite dust. The lungs of groups of workers
exposed 10 chromite dust have been showa to be the
seat of pneumoconiotic changes consisting of slight
thickening of interstitial tissue and interalveolar septa,
with histologic fibrosis and hyalinization. Chromite ore
roast mixed with sheep fat implanted intrapleurally in
rats produced squamous cell carcinomata coexisting
with sarcomata of the Jungs; the same material implant-
ed in the thighs of rats produced fibrosarcomats. A
refractory plant using chromite ore to make chromite
brick had no excess of lung cancer deaths over a 14-year
period, and it was conciuded that chromite alone prob-
ably is not carcinogenic.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data—Maetallic chromiam

1. Molecular weight: 52

2. Boiling point (760 mm Hg): 2640 C (4784 F)

3. Specific gravity (water = 1): 1.2

4. Vapor density (air = | at boiling point of metallic
chromium): Not applicable

S. Melting point: 19500 C (3452 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate (butyl acetate = 1): Not applica-
ble

2 Chwomium Metal and ‘neciuble Chromium Saits (as Chromium)

* Physical data—Copper chromite
1. Molecular weight: 295.|
2. Boiling pont (760 mm Hg): Data not available
1. Specific gravity (water = {): §.24
4. Vapor density (air = | at boiling pomnt of copper
chromite): Not applicable
5. Meiting pornt: Data not available
6. Vapor pressure at 20 C (68 F): Essentially zero
7. Solubility in water, g/100 g water at 20 C (68 F)-
Inscluble
{8. Evaporation rate (butyl acetate = i): Not apphica-
ble
* Physical data— Basic potasgium zinc chromate
1. Molecular weight: 873.8
2. Botling pownt (760 mm Hg): Decomposes ai red
heat
3. Specific gravity (water = [): 3.47
4. Vapor density (air = | at boiling point of basic
potassium zinc chromate): Not applicable
5. Melting point: Loses water slowly above 100 C
Qu2F)
6. Vapor pressure at 20 C (68 F): Essentiaily zero
7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble
8. Evaporation rate (butyi acetate = 1): Not applica-
bie
¢ Reactivity
1. Conditions contributing to instability: None
2. Incompatibilities: Chromium metal in contact with
strong oxidizers may cause fires and explosions.
3. Hazardous decomposition products: None listed.
4. Special precautions: None listed.
* Flammability
1. Flash point: Not applicable
2. Minimum ignition temperature {meta)): 400 C (752
F) (layer); 580 C (1076 F) (cloud)
3. Minimum explosive dust concentration (metal):
130 grams/m?
4. Exunguishant: Dry sand. dry dolomite, dry graph-
ite
* Warning properties
Chromium metal and insoluble salts are not known to be
eye irritants.

MONITORING AND MEASUREMENT
PROCEDURES

* Elght-Hour Exposare Evalustioa

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on s single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air sampies shouid be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the empioyee).

¢ Celling Evaiuation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
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airborne concentrations of chromium metal or insofuble
chromium salts. Each measurement should consist of a
fifteen (15) minute sample or senes of consecutive
samples totalling fifteen (15) minutes in the employee’s
breathing zone (airr that would most nearly represent
that inhaled by the empioyee). A minimum of three (3)
measurements should be taken on one work shift and
the highest of all measurements taken is an estimate of
the employee’s exposure.

* Method

Sampling and analyses may be performed by collection
of chromium metal or insoiuble chromium salts on a
filter, followed by treatment with acid and atomic
absorption spectrophotometnic analysis. An analytical
method for chromium metal and insoluble chromium
salts is 1 the NIOSH Manua! of Anaiysical Methods. 2nd
Ed., Vol. 6, 1980, available from the Govermnment
Printing Office. Washington, D.C. 20402 (GPO No.
017-033-00369-6).

RESPIRATORS

¢ Good industrial hygiene practices recommend that
engineering controls be used to reduce environmenta)
concentrations to the permissible exposure level. How.
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are aot
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Eaforce-
ment and Safery Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a compiete respirs-
tory protection program should be instituted which
includes reguiar training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin coatact
with solids or liquids containing iwoluble chromium
salts.

* Clothing contaminated with insoluble chromium saits
should be placed in closed containers for storage until it
can be discarded or until provision is made for the
removal of insoluble chromium salts from the clothing.
If the clothing is to be laundered or otherwise cleaned
to remove the msoluble chromium salts, the person
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performing the operation should be informed of insolu-
ble chromium salts's hazardous properties.

» Non-mpervious clothing which becomes contami-
nated with insoluble chromium saits should be remosed
promptiy and not reworn untd the nsoiuble chromium
salts are removed from the clothing.

* Employees should be provided with and required to
use dust- and splashproof safety goggles where solids cr
liquids containing 1nsoluble chromium salts may contact
the eyes.

SANITATION

* Skin that becomes contaminated with insoluble chro-
mium salts should be promptly washed or showered
with soap or mild detergent and water to remove any
insoluble chromium salts.

+ Eating and smoking should aot be permitted in areas
where solids or liquids containing insoluble chromium
salts are handled, processed, or stored.

* Employees who handle solids or liquids containing
insoluble chromium salts should wash their hands thor-
oughly with soap or mild detergent and water before
eating, smoking, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to chromium metal or insoluble chro-
mium salts may occur and control methods which may
be effective in each case:

Operation Controis
Use in fabrication of Local exhaust
alioys ventilation; general
dilution ventilation;
personal protective
equipment
Use in preparation of Local exhaust
alloy steels 10 enhance ventilation; general
corrosion- and heat- diluton ventilation
resistance
Use in fabrication of Local exhaust
plated products for ventilation; general
decoration of increased dilution ventilation;
wear-esistance personal protective
equipment
Use in production of Local exhaust
non-ferrous alloys to ventilation; general
impart special qualities dilution ventilation
to the alloys
Use in production and Local exhaust
processing of insoluble ventilation; general
saits dilution ventilation;
personal protective
equipment

Chromium Metal and Insoluble Chromium Saits (as Chromium) 3



Operation

Use as chemical
intermediates; use in
textile industry m
dyeing, silk treating,
printing, and maoth-
proofing wool

Use in leather ndustry
i tanning; use in
photograhic fixing baths

Controls

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Locai exhaust

ventilation; general
dilution ventilation;
personal protective

equipment
Use as catalysts for Locat exhaust
halogenation, alkylation, ventilation; generai
and catalytic cracking of ditution ventilation
hydrocarbons
Use as fuel additives Local exhaust
and propellant ventilation: general
additives; in dilutior: ventlation;
photogaphic fixing personal protective
baths and in ceramics equipment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If chromium metal or solids or liquids containing insolu-
ble chromium salts get into the eyes, wash eyes immedi-
ately with large amounts of water, lifting the lower and
upper lids occasionally. If irritation is present after
washing, get medical attention. Contact jenses should
not be worn when working with these chemicais.
¢ Skia Exposure

If solids or liquids containing insoiuble chromium salts
get on the skin, wash the contaminated skin using soap
or mild detergent and water. If solids or liquids contain-
ing insoluble chromium salts penetrate through the
clothing, remove the clothing and wash the skin using
soap or mild detergent and water. If irritation pervists
after washing, get medical attention.

¢+ Breathing

if a person breathes in large amounts of chromium
metal or insoluble chromium saits, move the exposed
person to fresh sir at once. If breathing has stopped,
perform artificial respiration. Keep the affected person
warm and at rest. Get medical attention as soon as
possible.

* Swallowing

When solids or liquids containing insoluble chromium
salts have been swallowed, give the person large quanti-
ties of water immediately. After the water has been
swallowed, try to get the person to vomit by having him
touch the back of his throat with his finger. Do not
make an unconscious person vomit. Get medical atten-
tion immexliately.

4 Chromium Metai and insoluble Chromium Saits (es Chromiym)

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome. notify some-
one eise and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
anses.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

* Persons not wearing protective equipment and cloth-
ing shouid be restnicted from areas of spills unti) cleanup
has been completed.

* If chromium metal or insoluble chromium salts are
spilled, the following steps should be taken:

l. Remove all ignition sources where metallic chromi-
um has been spilled.

1. Ventilste area of spill.

3. Collect spilled material in the most convenient and
safe manner and deposit in sealed containers for recla-
mation or for disposal in a secured sanitary landfill.
Liquid containing chromium metal or insoiuble chromi-
um salts should be absorbed in vermiculite, dry sand,
earth, or a similar material.

* Waste disposal method:

Chromium metal or insoluble chromium salts may be
disposed of in seaied conuiners in a secured sanitary
landfiil.
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* SPECIAL NOTE

The Internauonal Agency for Research on Cancar
(IARC) has evaluated the data on these chemicals and
has concluded that they cause cancer. See JARC Moro-
graphs on the Evaluation of Carcinogenic Risk of Chem.-
cals 10 Man, Volume 2. 1973, and Volume 23, 10id
* Method

Sampling and analyses may be performed by collect:on
of chromium metal or insoluble chromium salts or 2
filter. followed by treatment with acid and atom:c

Chromium Mstal and Inscluble Chromium Salts (as Chromium) §



RESPIRATORY PROTECTION FOR CHROMIUM METAL AND INSOLUBLE CHROMIUM SALTS (AS

CHROMIUM)

Condition

Minimum Respiratory Protection®
Required Above 1 mg/m?

Particuiate Concentration

5 mg/m? or less

Any dust and mist respirator.

10 mg/m: or less

Any dust and mist respirator, except singie-use or quaner-mask respirator
Any furme respirator of high efficiency particulate respirator.

Any supplied-air respirator.

Any self-contained breathing apparatus.

50 mg/m or less

A high afficiency particulate filter raspirator with a fuil facepiece.
Any supplied-air respirator with a full facepiece, heimet, or hood.
Any self-contained breathing apparatus with a fuil facepiecs.

500 mg/m? or less

A powered aw-puritying respirator with a high efficiency particulate filter.

A Type C supplied-air respirator operated in pressure~-demand or other positive
pressure of continuous-flow mode.

Greater than 500 mg/m? or
antry and escape from
unknown concentrations

Seit-contained breathing apparatus with a full tacepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
fuil facepiace operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated 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.

*Only NIQOSH-approved or MSHA-approved equipment should be used.



Occupational Heaith Guideline for
Coal Tar Pitch Volatiles

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienusts,
and other occupational health professionals who may
have s need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

Anthracene

* Formula: C“Hu

* Synonyms: None

» Appearance and odor: Pale green solid with a faint
aromatic odor.

Phenanthrene

¢ Formulas: CiH:e

* Synonyms: None
¢+ Appearance and odor: Colorless solid with a faint
sromatic odor.

Pyrene

* Formula: CuHu
¢ Synonyms: None
+ Appearance: Bright yellow solid

Carbazole

+ Formula: CsHN

* Synonyms: None

* Appearance and odor: Colorless solid with a faint
aromatic odor.

Benzo(a)pyrene

» Formula: CeeHis
¢ Synonyms: BaP, 3,4-benzopyrene

* Appearance and odor: Coloriess solid with a fant
aromatic odor.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for coal tar pitch volatiles
ts 0.2 milligram of coal tar pitch volatiles per cubic
meter of air (mg/m?) averaged over an eight-hour work
shift. NIOSH has recommended that the permissible
exposure {imit for coal war products be reduced to 0.1
mg/m? {cyclohexane-extractable fraction) sveraged
over a work shift of up to 10 hours per day, 40 hours per
week, and that coal tar products be regulated as occupa-
tional carcinogens. The NIOSH Criteria Document for
Coal Tar Products and NIOSH Criteria Document for
Coke Oven Emissions should be consuited for more
detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure
Coal tar pitch volatiles can affect the body if they are

inhaled or if they come in contact with the eyes or skin.
* Effects of overexposure

Repeated exposure to coal tar pitch volatiles has been
associated with an increased risk of developing broachi-
tis and cancer of the lungs, skin, bladder, and kidneys.
Pregnant women may be especially susceptible to expo-
sure effects associated with coal tar pitch volatiles.
Repeated exposure to these materials may also cause
sunlight to have 3 more severe effect on & person’s skin.
In addition, this type of exposure may cause an allergic
skin rash. ‘

* Reporting signs and symptoms

A physician should be contacted if anyone develops any
signs or symptoms and suspects that they are caused by
exposure to coal tar pitch volatiles.

* Recommended medical surveillance

The following medical procedures should be made
availabie to each employee who is exposed to coal tar
pitch volatiles at potentially hazardous levels:

These recommendations reflect good industrial hygrene and medical surveilllance practices and their implementation will
assist in achieving an affective occupatnonal health program. Howevar, they may not be sutficent 1o acheve comphance
with all requiremants of OSHA regulations.
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4 anbesddé rECHML W LLUMINALION.

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the oral cavity, respiratory tract, bladder, and
kidneys should be stressed. The skin should be exam-
ined for evidence of chronic disorders, for premalignant
and malignant lesions. and evidence of hyperpigmenta-
tion or photosensitivity.

—Unnalysis: Coal tar pitch volatiles are associated
with an excess of kidney and bladder cancer. A urinaly-
sis shouid be obtained to include at a minimum specific
gravity, albumin, glucose, and a microscopic on centri-
fuged sediment, as well as a test for red blood cells.

—Urinary cytology: Coal tar pitch volatiles are asso-
ciated with an excess of kidney and bladder cancer.
Employees having 3 or more years of exposure or who
are 45 years of age or older should have s urinary
cytology examination.

—Sputum cytology: Coal tar pitch volatiles are asso-
ciated with an excess of lung cancer. Employees having
10 or more years of exposure or who are 45 years of age
or older should have » sputum cytology examination.

—14” x 17" chest roentgenogram: Coal tar pitch
volatiles are associated with an excess of lung cancer.
Surveillance of the lungs is indicated.

—FVC and FEV (1 sec): Coal tar pitch volstiles are
reported to cause an excess of broochitis. Periodic
surveillance is indicated.

—A complete blood count: Due to the possibility of
benzene exposure associated with coal tar pitch vola.
tiles, a complete blood count is considered necessary to
search for ieukemia and aplastic anemia.

—Skin disease: Coal tar pitch volatiles are defatting
agents and can cause dermatitis oa prolonged exposure.
Persons with pre-existing skin disorders may be more
susceptible to the effects of these agents.

2 Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis, and semi-annually for employces 45 years of age
or older or with 10 or more yeary' exposure to coal tar
pitch volatiles.

* Summary of toxicology

Coal tar pitch volatiles (CTPV) are products of the
destructive distillation of bituminous coal and contain
polynuclear aromatic hydrocarbons (PNA's). These
hydrocarbons sublime readily, thereby increasing the
amounts of carcinogenic compounds in working areas.
Epidemiologic evidence suggests that workers intimate-
ly exposed to the products of combustion or distillation
of bituminous coal are st incressed risk of cancer at
many sites. These include cancer of the respiratory
tract, kidney, bladder, and skin. In a study of coke oven
workers, the leve! of exposure to CTPV and the length
of time exposed were related to the development of
cancer. Coke oven workers with the highest risk of
cancer were those employed exclusively st topside jobs
for 8 or more years, for whom the increased risk of

2 Coal Tar Pitch Yolnties

dying from lung cancer was [0-fold; all coke oven
workers had a 7-%-fold increase in nisk of dying from
kidney cancer. Although the causative agent or agents
of the cancer in coke oven workers is unidentified, it 1s
suspected that several PNA's in the CTPV generated
during the coking process are involved. Certain indus-
trial popuiations exposed 10 coal tar products have a
demonstrated risk of skin cancer. Substances containing
PNA's which may produce skin cancer also produce
contact dermatitis; examples are coal tar, pitch, and
cutting oils. Although allergic dermatitis is readily
induced by PNA's in guines pigs, it is only rarely
reported in humans from occupational contact with
PNA's; these have resulted largely from the therapeunc
use of coal tar preparations. Components of pitch and
coal tar produce cutaneous photosensitization; skin
eruptions are usually limited to areas exposed to the sun
or ultraviolet light. Most of the phototoxic agents will
induce hypermelanosis of the skin; if chronic photodes-
matitis is severe and prolonged, leukoderma may occur.
Some oils containing PNA's have been associsted with
changes of follicular and sebaceous glands which com-
monly take the form of acne. There is evidence that
exposures to emissions at coke ovens and gas retorts
may be associated with an increased occurrence of
chronic bronchitis. Coal tar pitch voiatiles may be
associated with benzene, an agent suspected of causing
leukemia and known to cause aplastic anemia.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical date—Anthracens

1. Molecular weight: 178.2

1. Boiling point (760 mm Hg): 340 C (644 F)

3. Specific gravity (water = [); 1.24

4. Vapor density (air = | at boiling point of anthra-
cene): 6.15

$. Melting point: 217 C (423 F)

6. Vapor pressure at 20 C (68 F): Less than | mm Hg

7. Solubility in water, /100 g water a1t 20 C (68 F):
Insoluble

8. Evaporation rste (butyi acetate = 1): Not applica-
ble
* Phygical data—Phenanthrene

1. Molecular weight: 178.2

2. Boiling point (760 mm Hg): 340 C (644 F)

3. Specific gravity (water = 1): 1.18

4. Vapor density (air = 1 at boiling point of phen-
anthrene): 6.15

S. Melting point: 100.5 C (213 F)

6. Vapor pressure at 20 C (68 F): Less than | mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate (butyl acetate = 1): Not applics-
ble
* Physical data—Pyrens

1. Molecular weight: 202.3

2. Boiling point (760 mm Hg): Greater than 360 C
(greater than 680 F)
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Specific gravity (water = 1): 1.28
Vapor density (air = | at boiling pont of pyrene):

Melting point: 1504 C (303 F)
Vapor pressure at 20 C (68 F): Less than | mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble

8. Evaporauon rate (butyl acetate = |): Not applica-
ble
¢ Physical data—Carbazole

1. Molecular weight: 167.2

2. Boiling point (760 mm Hg): 355 C (671 F)

3. Specific gravity (water = ). Greater than |

4. Vapor density (air = | at boiling point of carba-
zole): 5.8

S. Melting point: 246 C (475 F)

6. Vapor pressure at 20 C (68 F): Less than | mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate (butyl acetate = |): Not applica-
ble
» Physical data—Benzo(a)pyrene

1. Molecular weight: 252.3

2. Boiling point (760 mm Hg): Greater than 360 C
(greater than 680 F)

3. Specific gravity (water = 1): Greater than |

4. Vapor density (air = 1 st boiling point of
benzo(a)pyrene): 8.7

5. Melting point: IT9C (354 F)

6. Vapor pressure at 20 C (68 F): Less than | mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate (butyl acetate = 1): Not applics-
ble
* Resctivity

1. Conditions contributing to instability: None haz.
ardous

2. Incompatibilities: Contact with strong oxidizers
may cause fires and explosions.

3. Hazardous decomposition products: None

4. Special precautions: None
* Flammability

1. Flash point: Anthracene: 121 C (250 F) (closed
cup); Others: Data not available

2. Autoignition temperature: Anthracene: 540 C
(1004 F}; Others: Data not available

3. Flammable limits in air, % by volume: Anthra-
cene: Lower: 0.6; Others: Data not available

4. Extinguishant: Foam, dry chemical, and carbon
dioxide
s Warning properties
Grant states that “coal tar and its various crude frac-
tions appeas principally to cause reddening and squa-
mous eczema of the lid margins, with only small ero-
sions of the corneal epithelium and superficial changes
in the stroma, which disappesr in a month following
exposure. Chronic exposure of workmen to tar fumes
and dust has been reported to cause conjunctivitis and
discoloration of the comea in the palpebral fissure,
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cither near the umbus or, 1n cxtreme cases, across the
whole cornea. Occasionaily, epithelioma of the hid
margin has been attributed to contact with coal tar -

MONITORING AND MEASUREMENT
PROCEDURES

+ General

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure i1s based
on a single eight-hour sample or on wo four-hour
sampies. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure ievel. Air samples should be taken n the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Method

Coal tar products may be sampled by collection on a
glass fiber filter with subsequent ultrasonic extraction
and weighing. An analytical method for coal tar puch
volatiles is in the NIOSH Manual of Analytical Methods.
2nd Ed., Vol. I, 1977, available from the Government
Printing Office, Washington, D.C. 20402 (GPO No
017-033-00267-3).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrauons to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to controi exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry inte tanks or closed
vessels, and in emergency situations. If the use of
respirators 1s necessary, the oaly respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Heslth.

* Inaddition to respirator selection, a compiete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection.
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

¢ Employees should be provided with and required to
use impervious clothing, gloves, face shields {eight-inch
minimum), and other appropriate protective clothing
necessary to prevent skin contact with condensed coal
tar pitch volatiles, where skin contact may occur
* If empioyees’ clothing may have become contaminat-
ed with coal tar pitch volstiles, employees should
change into uncontaminated ciothing befote leaving the
work premises.

¢ Clothing contaminated with coal tar pitch volatiles
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should be placed in closed containers for storage until it
can be discarded or until provision is made for the
removal of coal tar pitch volatiles from the clothing. If
the clothing is to be laundered or otherwise cleaned to
remove the coal tar pitch volatiles, the person perform-
ing the operation should be informed of coal tar pitch
volatiles’s hazardous properties.

* Employees should be provided with and required to
use splash-proof safety goggles where condensed coal
tar pitch volatiles may contact the eyes.

SANITATION

* Workers subject to skin contact with coal tar pitch
volatiles should wash with soap or mild detergent and
water any areas of the body which may have contacted
coal tar pitch volatiles at the end of each work day.
» Employees who handle coal tar pitch volatiles should
wash their hands thoroughly with soap or mild deter-
gent and water before eating, smoking, or using toilet
facilities.

» Areas in which exposure to coal tar pitch volatiles
may occur should be identified by signs or other
appropriate means, and access 10 these areas should be
limited to suthorized persota.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to coal tar pitch volstiles may occur
and control methods which may be effective in each
case:

Operation Controils
Liberation from Process enclosure;
extraction and local exhaust
packaging from coal tar ventiation; general
fraction of coking dilution ventiiation;

personal protective
equipment
Use as a binding agent Process snciosure;
in manufacture of coal iocal exhaust
briquettes used for fust; ventilation; general
use as a dislectric in the diiution ventilation;
manufacture of battery personal protective
slectrodes, slectric-arc eqQuipment
fumace electrodes, and
electrodes for alumina
reducton
Use in manufacture of Process enciosure;
roofing feits and papers local exhaust
and roofing ventiiation; general
difution ventilation;
personai protective
equipment

4 Cosl Tar Phich Volatiice

Operation Controis
Use for protective Process enciosure;
coatings for pipes for iocal exhaust
underground conduits ventilation, general

and drain&ge; use as a
coating on concrete as

dilution ventilation;
persons! protective

waterproofing and equipment
corrosion-rasistant

matenat; use in road

paving and sealing

Use in manufacture and Process enclosure;
rapair of refractory local exhaust
brick; use in production ventilation; general
of foundry cores; use in dilution ventilation;
manutfacture of carbon personal protective
ceramic itams equipment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures snd send for first aid or medical assistance.
* Eye Exposure

If condensed coal tar pitch volatiles get into the eyes,
wash eyes immediately with large amounts of water,
lifting the lower and upper lids occasionally, If irritation
is present after washing, get medical attention. Contact
lenses should not be wom when working with these
chemicals.

¢ Skin Exposure

If condensed coal tar pitch volatiles get on the skin,
wash the contaminsted skin using soap or mild deter-
gent and water. Be siire to wash the hands before eating
or smoking and to wash thoroughly at the close of
work.

* Breathing

If a person breathes in large amounts of coal tar pitch
volatiles, move the exposed person to fresh air at once.
If breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.

¢ Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
r&scue procedures. Do pot become a casualty. Under-
stand the facility's emergency rescue procedures and
know the Jocations of rescue equipment before the need
arises.

SPILL AND DISPOSAL PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of releases until
cieanup has been completed.

¢ If coal tar pitch volstiles are released in hazardous
concentrations, the following steps should be taken:
. Ventilate area of spill.



2. Collect released matenal in the most convenient and
safe manner for reclamation or for disposal in seaied
containers in a secured sanitary landfill.

* Waste disposal method:

Coal 1ar pitch volatiles may be disposed of in sealed
containers in a secured samtary landfill.
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RESPIRATORY PROTECTION FOR COAL TAR PITCH VOLATILES

Condition

Minimum Respiratory Protection®
Required Above 0.2 mg/m?*

Particuiate and Vapor
Concentration

2 mg/m?* of less

A chemical cartndge respirator with an organic vapor cariridge(s) and with a
tume or high-efficiency filter.

Any supplied-air raspirator.
Any self-contained breathing apparatus.

10 mg/m? or less

A chemica! cartridge respirator with a fuil facepiece and an organic vapor
cartridge(s) and with a fume or high-efficiency filter.

A gas mask with a chin-style or a front- or back-mounted organic vapor canister
and with a tult facepiece and a fume or high-efficiency filter.

Any supplied-air respirator with a fuil facepiece, heimet, or hood.
Any self-contained breathing apparatus with a full facepiece.

200 mg/m3 or less

A Type C supplied-air respirator operated in pressure-demand or other positive
pressure or continuous-fiow mode.

A powered air-puritying respirator with an organic vapor cartridge and a high-
efficiency particulate filter,

400 mg/m? or iess

A Type C supplied-air respirator with a full facepiece opersted in pressure-
demand or other positive pressure mode or with a full facepiece, heimet, or hood
operated in continuous-flow mode.

Greater than 400 mg/m? or
entry and escape from
unknown concentrations

Seif-contained breathing spparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full tacepiece operated in pressure-demand of other positive pressure of continu-
ous-flow mode and an auxiliary seif-contained breathing apparatus operated in
pressure-demand of other positive pressure mode.

Fire Fighting

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or cther positive pressure mode.

Escape

Any gas mask providing protection against organic vapors and particulates,
including pesticide respirators which meet the requirements of this class.

Any escape self-contained breathing apparatys.

*Only NIOSH-approved or MSHA-approved egquipment should be used.



Occupational Health Guideline for
Cyanide

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occcupational health professionals who may
have a need for such information. It does not attempt 10
present all data; rather, it presents pertinent information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to all cyanides. Physical and chemical properues
of two specific compounds are provided for illustrative

pusposes.
SUBSTANCE IDENTIFICATION

Potassium cyanide

+ Formula: KCN

¢+ Synonyms: None

¢ Appearance and odor: White solid with s faint
almond odor.

Sodium cyanide

¢ Formuia: NaCN

» Synonymas: None

¢ Appearance and odor: White solid with a faint
almond odor.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for cyanide is § milligrams
of cyanide per cubic meter of air (mg/m*) averaged
over an eight-hour work shift. NIOSH has recommend-
ed that the permissible exposure limit be changed to a
ceiling of § milligrams cysnide per cubic meter of air
averaged over & 10-minute period. The NIOSH Criteria
Document for Hydrogen Cyanide and Cyanide Salts
shouid be consulted for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Cyanide can affect the body if it i1s inhaled, if it comes in
contact with the eyes or skin, or if it is swallowed.
Sufficient cyanide may be absorbed through the sk,
especially if there are cuts to csuse fatal poisoning.
¢ Effects of overexposure

1. Short-term Exposure: Inhalation or ingestion of cya-
nide saits may be rapidly fatal. Larger doses by inhala-
tion or swallowing may cause the person to rapidly lose
consciousness, stop breathing, and die. In some cases,
there are convuisions. At lower levels of exposure, the
earlier symptoms include weakness, headache, confu-
sion, nausea, and vomiting. These symptoms may be
followed by unconsciousness and death, Occasionally,
convulsions occur. Milder forms of intoxication may
result only in weakness, dizziness, hesdache, and
nauses. The dust of cyanide salts is irritating to the eyes.
In the presence of tears, it may cause the symptoms of
poisoning described above. The dust of cyanide salts
may produce irritation of the nose and skin. Strong
solutions of cyanide salts are corrosive and may pro-
duce ulcers.

2 Long-term Exposure: Effects from chronic exposure
to cyanide are non-specific and rare.

3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
¢yanide,

* Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to cyanide at
potentially hazardous levels:

1. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
piace the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Per-
sons with a history of fainting spells, such as occur in
various types of cardiovascular and nervous disorders,

Thess recommendations reflect good industrial hygene and medical surveiliance practices and theirr /mpiementation will
assist i achieving an effective occupational heaith program. However, they may not be sufficient to achieve comphance
with ail requirements of OSHA regulations.
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and those unusually suscepuble to effects of anoxia or
with anemia would be expected to be at increased risk
from exposure. Examination of the cardiovascular, ner-
vous, and upper respiratory systems. and thyroid should
be stressed. The skin shouid be examined for evidence
of chronic disorders.

—Skin disease: Cyanide 1s a defatuing agent and can
cause dermatitis on prolonged exposure. Persons with
pre-existing skin disorders may be more susceptible to
the efTects of this agent.

—14" 2 17" chest roentgenogram: Cyanide causes
human lung damage. Surveiilance of the lungs is indi-
cated.

—FVC and FEV (! sec): Cyanide is a respiratory
irritant. Persons with impaired pulmonary function may
be at increased risk from exposure. Periodic surveil-
{ance is indicated.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis.

3. First Aid Kits: First aid kits should be readily avails-
ble in workplaces where there is a potential for the
relesse of cyanide. These kits shouid contain a minimum
of 48 ampuies, each of 0.3 ml amyl nitrate, and complete
instructions for use. In addition, 2 physician’s kits
should be immediately available to trained medical
personnel. These kits should contain the above quantity
of amyl nitrate as well a3 sterile sodium nitrite solution
(3%) and sterile sodium thiosulfate solution (25%). All
of the above drugs should be repiaced at iesast biannual-
ly to ensure their potency.

e Sammary of toxicology

The dust of cyanide salts, s source of cyanide ion, is an
asphyxiant due to an inhibitory action on metabolic
enzyme systems and can be rapidly fatal. Cyanide exerts
this effect because it inactivates certain enzymes by
forming very stable compiexes with the metal in them.
Cytochrome oxidase is probably the most important of
these, since it occupies a fundamental position in the
respiratory process and is involved in the ultimate
electron transfer to molecular oxygen. Since cytoch-
rome oxidase is present in practically all cells that
function under aerobic conditions, and since the cya-
nide ion diffuses easily to all pants of the body, it is
capable of suddenly bringing to a halt practically all
cellular respiration. In the presence of even weak acids,
hydrocyanic acid (HCN) gas is liberated from cyanide
salts; a few inhalations of higher concentrations of HCN
may be followed by aimost instantaneous collapse and
cessation of respiration; 270 ppm HCN is immediately
fatal to humans, 13} ppm is fatal after 10 minutes, 135
ppm after 30 minutes, and 110 ppm may be fatal in |
hour. The ingestion by humans of 50 10 100 mg of
sodium or potassium cyanide may also be fatal At
lower levels of exposure to HCN, the earliest symptoms
of intoxication may include weakness, headache, confu-
sion, and occasionaily nausea and vomiting; respiratory
rate and depth is usually increased initially and at later
stages becomes slow and gasping; if cyanosis is present,

2 Cyanide

it usually indicazes that respiration has either ceased or
has been very inadequate for a few munutes. Humans
toierate 45 to 54 ppm for % 1o | hour without immed-
ste or delayed effects, while 18 10 36 ppm may resultin
some symptoms after an exposure of several hours.
Sodium cyanide dust is irntating to the eyes; in the
presence of tears it may liberate HCN, which can be
absorbed and cause systemic intoxication. Skin contact
with dust may be irmitating; strong solutions on the skin
produce ulcers which are slow in healing. Cyanide 13
one of the few toxic matenals for which an antidote
exists; it functions as follows: First, amy! nitrite (inhala-
tion) and sodium nitnite (intravencusly) are adminis-
tered to form methemoglobin, which binds firmly with
free cyanide ions. This traps any circulating cyanide
ions. The formation of 10 to 209% methemoglobin
usually does not involve appreciable risk, yet provides a
large amount of cyanide-binding substance. Second,
sodium thiosulfate is administered intravenously to in-
crease the rate of conversion of cyanide to the less toxic
thiocyanate. Methylene blue should not be adminis-
tered, because it is & poor methemoglobin former and,
moreover, promotes the converuon of methemoglobin
back to hemoglobin.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data—Potassium cysnide

1. Molecuiar weight: 65.1

2. Boiling point (760 mm Hg): Data not available

3. Specific gravity (water = 1): 1.55

4. Vapor density (air = 1 st boiling point of potas-
sium cyanide): Not applicable

5. Melting point: 635 C (1175 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water st 20 C (68 F):
1.6

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Physical data—Sodiam cyanide

1. Moilecular weight: 49

2. Boiling point (760 mm Hg): 1500 C (2732 F)
{extrapoisted)

3. Specific gravity (water = 1): 1.6

4. Vapor density (air = ] at boiling point of sodium
cyanide): Not applicable

5. Melting point: 560 C (1040 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
i

8. Evaporation rate (buty] acetate = 1): Not spplica-
ble
* Reactivity

1. Conditions contributing to instability: None. Haz-
ardous if kept in closed containers. It may form toxic
concentrations of hydrogen cyanide gas when in pro-
longed contact with air in a closed area.

2. Incompatibilities: Contact with strong oxidizers
such as nitrates and chlorates may csuse fires and
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explosions. Contact with acids and acid salts causes
immediste formation of toxic and flammable hydrogen
cyanide gas.

3. Hazardous decomposition products: Toxic gases
and vapors (such as hydrogen cyanide and carbon
monoxide) may be released when cyanide decomposes.

4. Special precautions: Cyanide may react with
carbon dioxide in ordinary ar to form toxic hydrogen
cyanide gas.

+ Flammahility

1. Not combustble
o Warning properties

1. Odor Threshold: No gquanutative information is
available concerning the odor threshold of sodium or
potassium cyamde. HCN, however, is evolved from
these substances in the presence of moisture. The Maau-
factunng Chemists Association states that “although
HCN has a charactenistic odor, its toxic action at
hazardous concentrations is so rapid that it is of no
value as 3 warning property.”

2. Eye Irniation Level: Cyanide (as CN) is not
known to be an eye irritant. However, according to
Grant, HCN can produce eye irritation after chronic
£xposures.

1. Evaluation of Warning Properties: Although cya-
nide (as CN) has a negligibie vapor pressure, in the
presence of moisture HCN can be given off. HCN does
not have adequate warning properties.

MONITORING AND MEASUREMENT
PROCEDURES

o Eight-Hour Exposure Evaiaation

Measurements 1o determine employes exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

s Celling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborme concentrations of cyanide. Each measurement
should consist of a ten (10) minute sampie or series of
consecutive samples totalling ten (10) minutes in the
employee’s bresthing zone (sir that wouid most nearly
represent that inhaled by the employee). A minimum of
three (3) measurements shouid be taken on ocne work
shift and the highest of all measurements taken is an
estimate of the employee's exposure.

o Method

Sampling and analyses may be performed by collection
of cyanide with a cellulose membrane filter and an
impinger containing sodium hydroxide, followed by
analysis by direct potentiometry. An analytical method
for cyanide is in the NJOSH Manual of Anaiytical
Methods, Ind Ed., Vol. 3, 1977, availabie from the
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Government Printing Office. Washington. DC I =%
{GPO No. 017-031-00261-4)

RESPIRATORS

* Good industnal hygiene practices recommend tha:
engineering controls be used to reduce environmenia
concentrations to the permissible exposure level How -
ever, there are some exceptions where respirators mi
be used to control exposure. Respirators may be used
when engineering and work practice controls are ot
technically feasible, when such controls are 1n the
process of being installed, or when they fajl and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the Natonal
Institute for Occupational Safety and Health.

* In addition to respirator seiection, a compiete respira-
tory protection program should be instituted which
includes regular iraining, maintenance, inspeclion.
cieaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required 10
use impervious clothing, gloves, face shieids (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent any possibility of skin contact with
cyanide or liquids containing cyanide.

¢ If employees’ clothing has had any possibility of
being contaminated with cyanide, smployees should
change into uncontaminated clothing before leaving the
WOrk premises.

* Clothing which has had any possibility of being
contaminated with cyanide should be placed in closed
containers for storage until it can be discarded or unul
provision is made for the removal of cyanide from the
clothing. If the clothing is 1o be laundered or otherwise
cleaned to remove the cyanide, the person performing
the operation should be informed of cyanide's hazard-
ous properties.

* Where there is any possibility of exposure of an
employee's body to cyanide or liquids containing cya-
nide, facilities for quick drenching of the body should
be provided within the immediate work area for emer-
gency use.

* Non-impervious clothing which becomes contami-
nated with cyanide should be removed immediately and
not reworn until the cyanide is removed from the
clothing.

¢ Employees shouid be provided with and required to
use dust- and splash-proof safety goggles where there is
any possibility of cyanide or liquids containing cyamde
contacting the eyes.
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+ Where there is any possibility that employees’ eyes
may be exposed to cyanide or liquids contaiming cya-
nide, an eyve-wash fountain should be provided within
the immediate work area for emergency use.

SANITATION

* Skin that becomes contaminated with cyamde should
be immediately washed or showered with soap or mild
detergent and water to remove any cyanide.

= Workers subject to skin contact with cyanide should
wash with soap or mild detergent and water any areas
of the body which may have contacted cyanide at the
end of each work day.

» Eating and smoking should not be permitted in areas
where cyanide or liquids conaining cyanide are han-
dled, proceased, or stored.

* Employees who handle cyanide or liquids containing
cyanide should wash their hands thoroughly with sosp
or mild detergent and water before eating, smoking, or
using totlet facilities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure 10 cyanide may occur and control

QOperation

Use of calcium
cyanamud in fertitizer on
soil; dunng chemical
synthes:s for
manufacture of
intermediates in
pharmaceuticais, dyes.
vitarmung, plastics, and
sequestenng agents;
preparation of nitriies,
carbylamines, cyano
tatty acids, and
iNOrganic cyanides

Use in celluiose
technoiogy; paper
manufacture; in dyeing;
as cement stabilizers;
use in photography as
fixatives, and in
blueprinting and
process sngraving;
liberation in blast
furance gases or in
handling of illuminating
gas

Controls

Process enclosure;
local exhaust
ventilaticn; general
dilytion ventiation;
perscnal protective
equipment

Process anclosure;
local sxhaust
ventilation; generai
ditution ventilation:
personai protective
aquiprnent

methods which may be effective in each case:

Operation Controis
Use as fumigants and Local exhaust
pesticides in ventilation; general
greenhouses, ships, dilution ventilation;
milis, and warehouses; personal protective
use of cyanogen equipmaent
chioride as a warning
agent in fumigant gases
Use in metal treatment Process enciosure;
in nitriding, tempenng, local exhaust
and case hardening ventilation; genera
steel; coloring of metais dilution ventilation;
by chemical or personai protective
electrolytic process; squipment
cleaning and coating
metais; welding and
cutting of heat-resistant
metals; liberation during
ore extraction and
metal purification

& Cysnide

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical asgistance.
* Eye Exposure

If cyanide gets into the eyes, wash eyes immediately
with large amounts of water, lifting the lower and upper
lids occasionally. Get medical attention immediately.
Contact lenses should not be worn when working with
cyanides.

¢ Skin Exposure

If cyanide gewts on the skin, immediately wash the
contaminated skin uaing soap or mild detergent and
water. If cyanide penetrates through the clothing,
remove the clothing immediately and wash the skin
using soap or mild detergent and water. Get medical
artention immediately.

* Bresthing

If a person breathes in large amounts of cyanide, move
the exposed person to fresh air at once. If breathing has
stopped, perform artificial respiration. Keep the affect.
ed person warm and st rest. Get medical attention as
SOON as possible.

¢ Swallowing

When cyanide has been swallowed and the person is
conscious, give the person large quantities of water
immediately. After the water has been swallowed, try
1o get the person to vomit by having him touch the back
of his throat with his finger. Do not make an uncon-
scious person vomit. Get medical attention immediate-
ly.
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* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedyres and
know the locations of rescue equipment before the need
anses.

SPILL AND DISPOSAL PROCEDURES

* Persons not weanng protective equipment and ¢loth-
ing shouid be restricted from areas of spiils until cleanup
has been completed.

s If cyanide is spilled. the following steps should be
taken:

l. Ventilate area of spiil.

2. Collect spilled material in the most convenient and
safe manner for reclamation, or for treatment in a
cyanide disposal system.

* Waste disposal method:

Afier treatment as in above, cyanide may be disposed of
in a secured sanitary landfill.
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RESPIRATORY PROTECTION FOR CYANIDE

Condition

Minimum Respiratory Protection®
Required Abave 5 mg/m’

Particulate Concentration

50 mg/m? or less

Any supplied-air respirator.

Any seit-contained breathuing apparatus.

Greater than 50 mg/m? or
entry and escape from
unknown concentrations

Seif-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive prassure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece oparated in pressure-demand or Other positive pressure or continu-
ous-flow mode and an auxiliary seH-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting

Seif-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

Escape

Any gas mask providing protection against hydrogen cyanide and particulates.
Any escape self-contained breathing apparatus.

*Onily NIOSH-approved or MSHA-approved equipment should be used.



Occupational Health Guideline for
Hydrogen Cyanide

INTRODUCTION

This gwdeline is intended as a source of information for
empioyees, employers, physicians, industrial hygienists,
and other occupational heaith professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

* Formula: HCN

* Synonyms: Hydrocyanic acid; prussic acid; formoni-
trie

* Appearance and odor: Coloriess or pale blue liquid or
gas with a bitter almond odor.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for hydrogen cyanide is 10
parts of hydrogen cyanide per million parts of air (ppm)
averaged over an eight-hour work shift This may also
be expressed as |1 milligrams of hydrogen cyanide per
cubic meter of air (mg/m*). NIOSH has recommended
that the permissible exposure limit be reduced to 5 mg
cyanide/m? averaged over a 10-minute period. The
NIOSH Criteria Document for Hydrogen Cyanide and

Cyanide Salts shouid be consulted for more detailed
informauon,

HEALTH HAZARD INFORMATION

* Routes of exposure

Hydrogen cyanide can affect the body if it is inhaled,
comes in contact with the eyes or skin, or is swailowed.
It may enter the body through the skin.

» Effects of overexposure

1. Short-term Exposwre: Inhalation, ingestion, or skin
absorption of hydrogen cyanide may be rapidly fatal.
Larger doses may cause the person to rapidly lose
consciousness, stop breathing, and die. At lower levels
of exposure, a person may experience weakness, head-

ache. confusion, nausea, and vomiting. These symptoms
may be foliowed by unconsciousness and death. Hydro-
gen cysnide liquid may irritate the eyes.

2. Long-term Exposure: Effects {from chronic exposure
to hydrogen cyanide are non-specific and rare.

3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
hydrogen cyanide.

¢ Recommended medical surveillance

The foilowing medical procedures should be made
availsbie to each employee who ts exposed to hydrogen
cyanide at potentiaily hazardous ievels:

1. Initial Medical Examination:

—A compiete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at incressed risk, and to
establish a baseline for future health monitoring. Per-
sons with s history of fainting speils, such as occur in
various types of cardiovascular and nervous disorders,
and and those who are unusually susceptible to effects
of anoxia or with would be expected to be at
increased risk from exposure. Examination of the car-
diovascular, nervous, and upper respiratory systems,
and thyroid should be stressed.

—Cardiovascular disease: Persons with cardiac dis-
case may be at increased risk. An electrocardiogram
should be performed on workers over 40 years of age
and where indicated.

2. Periodic Medicai Examinarnion: The aforemenuoned
medical examinations should be repeated on an annuai
basis.

3. First Aid Kits: First aid kits should be immediately
available in workplaces where there is a potential for
the release of hydrogen cyanide. These kits should
contain a minimum of 48 ampules, each of 0.3 mi amyl
nitrate, and complete instructions for use. In addition, 2
physician’s kits shouid be immediately available to
trained medical personnel. These kits should contain the
above quantity of amyl nitrate as well as sterile sodium

These recommendations refiect good :ndustnal hygiene and medical surveillance pracuces ;nd thaw impiementation wiil
assist In achieving an eifecuve occupauonal heaith program. However. they may not be sufficlent 10 achieve compliance
with ail requiremants ot OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Pubke Heaith Sernce Canters tor Disease Control
Natonal Institute for Occupatonal Satety ana Health

Septamber 1978

U.S. DEPARTMENT OF LABOR
Oceupational Safety anc Heaith Adminestration



* Calling Evainstion

Messyrements 10 determine empioyee ceiling exposure
are best taken during periods of maximum expectad
uirborne concentrations of hydrogen cyanide. Each
measurement should consist of a ten (10) minute sampie
or series of consecutive sampiles totalling ten (10) min-
utes in the empioyee’s breathing zone (air that would
most neariy represent that inhaled by the empioyee). A
minimum of three (3) measurements should be taken on
one work shift and the highest of ail messurements
taken is an estimate of the employee’s exposure.

* Method

Hydrogen cyanide may be monitored by collection in
midget impingers containing sodium hydroxide, fol-
lowed by analysis with an ion spesific eiectrode. An
anaiytical method for hydrogen cyanide is in the
NIOSH Manual of Anaiytical Methods, 2nd Ed., Vol. 4,
1978, available from the Government Printing Office,
Washington, D.C. 20402 (GPO No. 017-033-00317-3).
RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be suppiemented. Respirators may also be used for
operstions which require entry into tanks or closed
vessels, and in emergency rituations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupationai Safety and Health.

* In addition to respirator selection, a compiete respira-
lory protection program shouid be instituted which

includes reguiar training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriste protective clothing
necessary to prevent any possibility of skin coatact with
liquid hydrogen cyanide.

¢ Where there is any possibility of exposure of an
empiloyee's body to liquid hydrogen cyanide, facilities
for quick drenching of the body should be provided
within the immediate work area for emergency use.
¢ Any clothing which becomes wet with, or non-
impervious clothing which becomes contaminated
with, liquid hydrogen cyanide sbould be removed im-
medistely and not reworn until the hydrogen cyanide is
removed from the clothing.
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* Clothing wet with hydrogen cyanide shouid be
placed in ciosed conwminers for storage unti} it can be
discarded or unui provision is made for the removai of
hydrogen cyanide from the clothing. If the ciothing 1s
to be lsundered or otherwise cleaned to remove the
hydrogen cyanide, the person performing the operation
should be informed of hydrogen cyanide's hazardous
properties,

« Empioyees shouid be provided with and required to
use spiash-proof safety goggies where there is any
possibility of liquid hydrogen cyanide contacting the
eyes.

¢ Where there is any possibility that empioyees’ eyes
may be exposed to hydrogen cyanide, an cye-wash
fountain should be provided within the immediate work
area for emergency use.

SANITATION

¢ Skin that becomes contaminated with hydrogen cya-
nide should be immediately washed or showered to
remove any hydrogen cyanide.

*» Empioyees who handle hydrogen cyanide should
wazh their hands thoroughly with soap or mild deter-
gent and waser before eating, smoking, or using touet
facilities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to hydrogen cyanide may occur and
control methods which may be effective in each case:

Operation Controis

Usa in furnigation of Process enciosurs;

sgyuctures and local exhaust

agncuttural crops ventilation; personal
protective equipment

Liberation during use of Process enclosure;

Cyanide saits or local exhaust

solutions in metal ventilation; personal

treatment operations, protective equipment

blast fumace and coke

oven operations, metal

ore processing, and

photoengraving

operations

Use in production of Process enciosure;

intermediates in locai axhaust

synthesis of acryiic ventilation; personal

piastics, nyion 68, protective equipment

chelating agents, dyes,

pharmaceuticals, and

speciaity chemicais



* Stolman. A. (ed.): Progress in Chemcal Toxicology,
Academic Press, New York., 1965-1969.

* Woifsie. J.H.. “"Treatment of Cyanide Poisoning
Industry,” A.M.A. Archives of Industrial Hygiene and
Occupationai Medicine, 4:417-425, 1951.

RESPIRATORY PROTECTION FOR HYDROGEN CYANIDE

Condition Minimum Respiratory Protection®
Required Above § ppm

Vapor Concentration

50 ppm or less Any suppiied-air respirator.

Any saif-contained breathing apparatus.

Greater than 50 ppm** or Seif-contained breathing apparatus with a full facepiece operated in pressure-

entry and escape from demand or other positive pressure mode.
unknown concentrations

A combination respirator which inciudes a Type C suppiied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a fult facepiece operated in pressure-
demand or other positive pressure mode.

Escape Any gas mask providing protection against hydrogen cyanide.
Any ascape seif-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment shouid be used.

**Use of supplied-air suits may be necessary to prevent skin contact while providing respiratory protecﬁpn from
airborne concentrations of hydrogen cyanide; however, this equipment shouid be selected, used, and maintained
under the immediate supervision of trained personnel. Where supplied-air suits are used above a concentration of
30 ppm. an auxiliary seif-contained breathing apparatus operated in positive pressure mode shouid aiso be wom.
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Occupational Health Guideline for
Hydrogen Sulfide

INTRODUCTION

This guideline is intended 2s a source of information for
empioyees, employers, physicians, industrial hygienists,
and other occupational health professionals whe may
have a need for such information. It does not attempt to

present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

* Formuia: H\S

* Synonyms: Sulfuretted hydrogen; hydrosulfuric acid;
hepatic gas

* Appearance and odor: Caolorless gas with a strong
odor of rotten eggs. The odor of this gas should not be
used as a-warning, since its presence may deaden the
sense of smeil. Hydrogen sulfide can also exist as a
liquid at low temperature and high pressure.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for hydrogen suifide is a
ceiling level of 20 parts of hydrogen sulfide per million
parts of air (ppm) or a maximum allowable peak of 50
ppm for 10 minutes once, if no other measurable expo-
sure occurs. NIOSH has recommended that the permis-
sible exposure limit be reduced to 15 mg/m?* (10 ppm)
averaged over a 10-minute period, and that work sreas
in which the concentration of hydrogen sulfide exceeds
70 mg/m?® be evacuated. The NIOSH Criteria Docu-
ment for Hydrogen Sulfide shouid be consulted for
more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Hydrogen sulfide can affect the body if it is inhaled or if
it comes in contact with the eyes, skin, nose or throat. It
can also affect the body if it is swallowed.

* Effects of overexposure

1. Short-term Exposure: Inhalation of high concentra-
tions of hydrogen sulfide vapor may cause loss of
consciousness and death. Inhalation of lower concentra-
tions may cause headache, dizziness, and upset stomach.
Exposure to hydrogen sulfide can cause temporary loss
of the sense of smell, and irritation of the eyes, nose, or
throat.

2. Long-term Exposure: Not known.

J. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
hydrogen sulfide.

* Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to hydrogen
sulfide at potentially hazardous levels:

L. Initial Medical Examination:

~—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
cstablish & baseline for future health monitoring. Exami-
nation of the eyes and lungs should be stressed.

—Eye discase: Hydrogen sulfide is a severe eye
itritant and may cause tissue damage. Those with pre-
existing eye problems may be at increased risk from
exposure.

—14” x 17" chest roentgenogram: Hydrogen sulfide
may cause human lung damage. Surveillance of the
lungs is indicated.

—FVC and FEV (|l sec): Hydrogen sulfide is a
respiratory irritant. Persons with impaired pulmonary
function may be at increased risk from exposure. Pen-
odic surveillance ts indicated.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis, except that an x-ray is considered neceasary only
when indicated by the resuits of pulmonary function
testing, or by signs and symptoms of respiratory disease.

These recommendations refiect good industrial hygiene and medical surveiliance practices and their implementation will
assist in achieving an effective occupational hegith program. Howaver, they may not be sutficiant 10 achieve compliance
with all requirements of OSHA regulations.

U.5, DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Oissass Controf
Natonal institute for Occupational Satety and Hesith

September 1972

U.5. DEPARTMENT OF LABOR
Occupational Safety and Health Admiristration



* Summary of toxicology

Hydrogen sulfide gas is a rapidly acting systemic poison
which causes respiratory paralysis with consequent
asphyxia at high concentrations. It irritates the eyes and
respiratory tract at low concentrations. Inhalation of
high concentrations of hydrogen sulfide, 1000 to 2000
ppm, may cause coma after a single breath and may be
rapidly fatal; convulsions may also occur. Exposure to
concentrations of hydrogen sulfide above 50 ppm for
one hour may produce acute conjunctivitis with pain,
lacrimation, and photophobia; in severe form this may
progress to keratoconjunctivitis and vesiculation of the
corneal epithelium. In low concentrations, hydrogen
sulfide may cause headache, fatigue, irritability, insom-
nia, and gastrointestinal disturbances; in somewhat
higher concentrations it affects the central nervous
system, causing excitement and dizziness. Prolonged
exposure to 250 ppm of hydrogen sulfide may cause
pulmonary edema. Prolonged exposure to concentra-
tions of hydrogen suifide as low as 50 ppm may cause
rhinitis, pharyngitis, bronchitis, and pneumonitis. Re-
peated exposure to hydrogen sulfide resuits in increased
susceptibility, 3o that eye trritation, cough, and systemic
effects may result from concentrations previously toler-
ated without any cffect. Rapid olfactory fatigue can
occur at high concentrations.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data

. Molecular weight: 34.08

Boiling point (760 mm Hg): —60 C (=76 F)
Specific gravity (water = 1): Liquid = 1.54
Vapor density (air = 1 at 15 C (59 F)): 1.189
Melting point: —82.4 C{—116 F)

Vapor pressure at 25 C (77 F): 20 atm

. Salubility in water, g/100 g water at 20 C (68 F):
2.9 (slight)

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Reactivity

1. Conditions contributing to instability: Elevated
temperatures may cause containers to burst.

2. Incompatibilities: Contact' with strong oxidizers
and oxidizing materials may cause fires and explosions.
Hydrogen sulfide attacks many metals, which results in
the formation of sulfides.

3. Hazardous decomposition. products: Toxic gases
and vapors (such as sulfur oxides) may be raleased in a
fire involving hydrogen sulfide.

4. Special precautions: Liquid hydrogen sulfide wili
attack some forms of plastics, rubber, and coatings.
* Flammability

1. Hydrogen sulfide is a flammable gas.

2. Autoignition temperature: 260 C (500 F)

3. Flammable limits in air, % by volume: Lower: 4.3;
Upper: 46

4. Bxtinguishant: Alcohal foam, carbon dioxide

—
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* Warning properties

[. Odor Threshold: According to the AIHA Hygien-
ic Guide, hydrogen sulfide can be recognized by the
“sense of smell at low concentrations. QOdor not reliable
at high concentrations, and olfactory fatigue occurs
quickly . . . . Threshold is 0.13 ppm. Faint but readily
perceptible at 0.77 ppm. Easily noticeable at 4.6 ppm.
Strong, unpleasant, but not intolerabie at 27 ppm.” The
Hygienic Guide also states that “olfactory fatigue can
occur with(in) 2 to 15 minutes at 100 ppm.”

2, Eye Irritation Level: Grant states that “effects of
hydrogen sulfide on the eyes are notable oaly at suble-
thal concentrations, most commonly at concentrations
0 low that they have no discernible systemic effect . . ..
Typically, workmen exposed to low concentrations of
hydrogen sulfide gas . . . have no sensation of irritation
or discomfort for at least several hours, or sometimes
for several days while working in the presence of low
concentrations. Ocular symptoms generally start after
several hours of exposure and may not appear until the
patient has finished his work for the day. There is then
gradual onset of a scratchy, irntated sensation in the
eyes, with tearing and burning . . . . Expenimentally it is
demonstrable that at a concentration of 100 ppm in air
an immediate irritation of the eyes and respiratory tract
is produced, but conditions responsible for the vast
majority of cases of hydrogen sulfide
keratoconjunctivitis are those in which the concentra-
tion is too low to cause immediate irritation and has
toxic effect only after several hours or days of exposure.
However, in industries where the concentration is regu-
larly kept below 10 ppm in air, it is rare to have any
irritation of the eyes.”

The Hygienic Guide states that **50 to 100 ppm causes
slight conjunctivitis and respiratory tract irritation after
I hour.”

3. Evaluation of Warmning Properties: Since olfactory
fatigue occurs at high concentrations, and since the
irritant effects are delayed, hydrogen sulfide is treated
as a material with poor warning properties.

MONITORING AND MEASUREMENT
PROCEDURES

* Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval sampies (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

* Ceiling Evaiuation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of hydrogen sulfide. Each mea-
surement should consist of a fifteen (15) minute sample
or series of consecutive samples totalling fifteen (15)
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minutes in the employee’s breathing zone (air that
would most nearly represent that inhaled by the em-
ployee). A minimum of three (3) measurements should
be taken on one work shift and the highest of all
measurements taken is an estimate of the employee’s
exposure.

* Peak Above Ceiling Evaluation

Measurements to determine employee peak exposure
should be taken during periods of maximum expected
airborne concentration of hydrogen sulfide. Each mea-
surement should consist of 2 10-minute sample or a
series of consecutive samples totalling 10 minutes in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee). A minimum of
three measurements should be taken on one work shift
and the highest of all measurements taken is an estimate
of the employee’s exposure.

* Method

Sampling and anajyses may be performed by collection
of hydrogen suifide in an impinger containing an alka-
line suspension of cadmium hydroxide, followed by
chemical treatment, and spectrophotometric analysis.
Also, detector tubes centified by NIOSH under 42 CFR
Part 84 or other direct-reading devices calibrated to
measure hydrogen sulfide may be used. An analytical
method for hydrogen sulfide is in the NJOSH Manual of
Analytical Methods, 2nd Ed., Vol. 6, 1980, available
from the Government Printing Office, Washington,
D.C. 20402 (GPO No. 017-033-00369-6).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which

includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
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necessary to prevent the skin from becoming frozen
from contact with liquid hydrogen sulfide or from
contact with vessels containing liquid hydrogen sulfide.
* Any clothing which becomes wet with liquid hydro-
gen sulfide should be removed immediately and not
reworn until the hydrogen suifide has evaporated.
* Employees should be provided with and required to

use splash-proof safety goggles where liquid hydrogen
sulfide may contact the eyes.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to hydrogen sulfide may occur and
control methods which may be effective in each case:

Operation

Liberation from pockets
during underground
mining operations near
sulfide ores

Liberation during
refining of high-sulfur
petroleum

Liberation from
accumuiations of
decaying organic matter
in sewers and waste
waters of tanneries,
glue factonies, fat-
rendering plants, and
fartilizer pltants

Liberation as a by-
product of dehairing
and tanning process

Liberation during
manufacture of viscose
rayon

Liberation during
producfion of sulfur
dyes, carbon disuifide,
sulfur, oleum, and
thioprens

Liberation during
vulcanization of rubber;
during manufacture of
coke from coal having
high gypsum content

Liberation during
excavation projects

Contrals

Local exhaust
ventilation; respiratory
protective devices

Concentration and
recovery of H.SO,

Provide continuous
water discharge to
sewer and cover and
vent waste drains

Provide separate
sewage lines and cover
and vent waste drains;
add neutralizing agents
(CaCls) as appropriate;
local exhaust ventilation

Local exhaust
ventilation

Local exhaust
ventilation or process
anciosure

Local exhaust
veantilation ar process
enclosure

Respiratory protective
equipment

Hydrogen Sulfide 3



Liberation in closed - Respiratory protective
containers containing equipment; lite-support
organic matter line

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Expogure

If liquid hydrogen sulfide gets into the eyes, wash eyes
immediately with large amounts of water, lifting the
lower and upper lids occasionally. If irritation is present
after washing, get medical attention. Contact lenses
should not be worn when working with this chemical.
* Skin Exposure

If liquid hydrogen suifide gets on the skin, immediately
flush the contaminated skin with water. If liquid hydro-
gen sulfide penetrates through the clothing, remove the
clothing immediately and flush the skin with water. If
irritation is present after washing, get medical attention.
* Breathing

If a person breathes in large amcunts of hydrogen
sulfide, move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medica)
attention as soon as possible.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and

know the locations of rescue equipment before the need
arises.

SPILL AND LEAK PROCEDURES

¢ Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or Jeaks until
cleanup has been completed.

¢ If hydrogen sulfide is spilled or leaked, the following
steps should be taken:

1. Remove all ignition sources.

2. Ventilate area of spill or leak to disperse gas.

3. If in the gaseous form, stop flow of gas. If source of
leak is a cylinder and the leak cannot be stopped in
place, remaove the leaking cylinder to a safe place in the
open air, and repair the leak or allow the cylinder to
empty.

4. Ifin the liquid form, allow to vaporize.

4 Hydrogen Sulfide
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RESPIRATORY PROTECTION FOR HYDROGEN SULFIDE

Condition

Minimum Respiratory Protection®
Required Above 10 ppm

Gas Concentration

300 ppm or less Any supplied-air respirator with a full facepiece, helmet, or hood.
Any self-contained breathing apparatus with & full facepiece.
Greater than 300 ppm or Self-contained breathing apparatus with a full facepiece operated in pressure-

entry and escape from
unknown concentrations

demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air raspirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated 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.

Escape

Any gas mask providing protection against acid gases or hydrogen sulfide.
Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment shouid be used.



Occupational Health Guideline for
Manganese

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents peruinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

* Formula: Mn
* Synonyms: None
s Appearance: Gray sofid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for manganese is a ceiling
level of 5 milligrams of manganese per cubic meter of
air (mg/m*).

HEALTH HAZARD INFORMATION

* Routes of exposure

Manganese can affect the body if it is inhaled. Manga-
nese can also affect the body if it 1s swallowed.

+ Effects of overexposure

1. Short-term Exposure: Inhalation of fumes with high
concentrations of manganese and its oxides may bring
about “metal fume fever.” Symptoms of metal fume
fever are chills and fever, upset stomach, vomiting,
dryness of the throat, cough, weakness, and aching of
the head and body. Symptoms often occur several hours
after exposure to fumes and usually last for oaly a day.
2. Long-term Exposure: Prolonged or repeated exposure
to manganese may affect the nervous system with
difficulty in walking and balancing, weakness or cramps
in the legs, hoarseness of the voice, trouble with
memory and judgment, unstable emotions or unusual
irritability. If high exposure continues, a person may
have poor coordination, difficulty in speaking clearly,
or shaking or tremor of the arms or legs. A person may

also have hallucinations or uncontrollable laughter or
crytng. The respiratory system may be affected by a
condition known as "“manganese pneumonia,” which
may resuit 1n symptoms and signs of coughing, fever.
chills, general aching of the body, chest pain. and other
common signs of pneumonia.

3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure 1o
manganese.

¢ Recommended medical surveillance

The foliowing medical procedures should be made
available to each employee who is exposed to manga-
nese at potentially hazardous levels:

i. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and 10
establish a baseline for futuze health monitonng. Per-
sons with a history of alcoholism, psychiatric, neurolo-
gic, or pulmonary diseases or liver dysfunction would
be expected to be at increased risk from exposure.
Examination of the respiratory tract, hemopotetc
system, and kidneys should be stressed.

—14" x 17" chest roentgenogram: Manganese causes
pneumonitis or metal fume fever. Surveillance of the
lungs is indicated.

—FVC and FEV (1 sec): Manganese is reported 1o
cause decreased pulmonary function. Penodic surveii-
lance 1s indicated.

—A complete blood count: Manganese has been
reported 10 cause biood changes. A complete blood
count should be performed including a red cell count, a
white cell count, a differenual count of a stained smear.
as well as hemoglobin and hematocrit.

—Uninalysis: Since kidney damage has been observed
in humans exposed to manganese, a urinalysis shouid be
performed, including at a minimum specific gravity,
albumin, glucose. and a microscopic on centnifuged

These recommandations reflect good industrial hygiene and medical surveillance practices and their implementation will
assist in achieving an effective occupational heaith program. However, thay may not be sutficient to achieve compliance
with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Servce Centers for Diseass Control
National institute for Occupatonal Safety and Heaith
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sedimnent. Letermpnauon of manganese tevel 1n urine
may be helpful in assessing exposure.

2. Periodic Medical Examination: The aforementioned
medical exammations shouid be repeated on an annual
basls. except that an x-ray s considered necessary only
when indicated by the resulis of pulmonary function
testing, or by signs and symptoms of respiratory disease.
*» Summary of toxicology

Inhalation of manganese dust or fume primanly affects
the central nervous system: high concentrations cause
the influenza-like ilness termed manganese pneumoni-
11s. Manganese acts either as a direct neurotoxin, or it
adversely affects certain neuroenzymes. Manganese
fume causes a disease quite similar to Parkinsonism after
6 months to 2 years of exposure. Initially there is
headache; asthenia; restless sleep or somnolence:
change in personality with psychomotor instability as-
sociated with restlessness, irritability, and a tendency to
either cry or laugh inappropriately. This is followed by
an intermediate phase with visual hallucinations, double
vision; impaired hearing; uncontrollable impuises;
mental confusion; euphona; and normal reaction to
painful stimuli. In the advanced phase, the subject
exhibits possible anemia; excessive salivation; disorders
of the basal gangiia of Parkinsonian type, such as mask-
like facies., muscie weakness, muscie rigidity, tremor of
the uppper extremities and head, and impaired gait.
High concenirations of manganese dust produce fever
and chills similiar to mental fume fever. Dunng human
exposure to manganese fume there is deyness and irrita-
tion of the throat, a sweet or metallic taste followed by
substernal tightness, constriction in the chest, and a dry
cough. Several hours following exposure the subject
deveiops chills, lassitude, malaise, fatigue, frontal head-
ache. low back pain, muscle cramps, and occasionally
blurred vision. nausea, and vomiting. Physical examina-
tion reveals fever, perspiration, dyspnea, rales through-
out the chest, and tachycardia; in some instances there
has been a reversibie reduction in pulmonary vital
capacity. Leukopenia has been reported in 4 out of 16
cases of manganese poisoning, although there is no
convincing evidence that any changes in the blood
should be regarded as specific or diagnostic of mangan-
Ism.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical dats

1. Molecuiar weight: 54.94

2. Boiling point (760 mm Hg): 2097 C (3806 F)

3. Specific gravity (water = 1): 7.2

4. Vapor density (air = | at boiling point of manga-
nese): Data not available

5. Melting point: 1245 C (2273 F)

6. Vapor pressure at 1227 C (2240 F): | mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
Not pertinent

8. Evaporation rate (butyl acetate = 1). Not perti-
nent

2 Manganese

<. Autorgniuion temperature: Data not available

3. Flammabie hmits in air, % by volume: Data not
avatlable

4. Exunguishant: Data not available
* Warning properties
Grant states that “local contact of manganese with the
cornea does not appear to be a problem industriaily.”

MONITORING AND MEASUREMENT
PROCEDURES

* Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborme concentrations of manganese. Each measure-
ment should consist of 2 fifteen {15) minute sample or
senies of consecutive samples totalling fifteen (15) min-
utes 1n the employee’s breathing zone (air that would
most nearly represent that inhaled by the empioyee). A
minimum of three (3) measurements should be taken on
one work shift and the highest of all measurements
taken is an estimate of the employee’s exposure.

* Method

Sampling and analyses may be performed by collection
of manganese in a filter, followed by atomic absorption
spectrophotometric analysis. An analytical method for
manganese 15 1n the NOSH Manual of Analytical Meth-
ods. 2nd Ed., Vol. 5, 1979, available from the Govern-
ment Printing Office. Washington, D.C. 20402 (GPO
No. 017-033-00349-1).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controis be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being nstailed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry inio tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to manganese may occur and control
methods which may be effective in each case:
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Operation

Liberation during
welding operations

Liberation during
casting of moiten terro-
manganese

Liberating durnng
bagging of manganese
ore

Liberation dunng mixing
and pressing of dry
battery depolarization

Liberation during
grinding of ore
containing manganese

Liberation during arc
burning of manganese-
hardened steel in repair
and manufacture
programs

Liberation from top of
submerged arc electric
turnace

Liberation of dust during
ore extraction

Liberation dunng metal
firushing operations of
high manganese steei

Liberation of dust during
crushing of ferro-
manganese metal prior
to shipment; during
dumping, weighing, and
mixing operations in
ceramics and glass
manufacture for
pigmentation and
coloration purposes

Liberation from
formutation of
proprietary mixtures for
paint and varnish
manufacture
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Controis

Local exhaust
ventlation; respiratory
protective devices;
dilution ventilation

Local exhaust
ventiiation

Local exhaust
ventilatron; respiratory
protective devices and
dust suppression with
water

Local exhaust
ventitation

Local exhaust
ventilation; respiratory
protective devices and
dust suppression with
water

Local exhaust
ventilation; respiratory
protective devices;
dilution ventilation

General dilution
ventilation and process
enclosure, if possible

Generai dilution
ventilation; respiratory
protective devices

Local exhaust
ventiiation; respiratory
protective equipment

Local exhaust
ventilation; respiratory
protective equipment

Locai exhaust
ventilation; respiratory
protective equipment

Operation

Liberation ¢t dioxide
and sulfate dunng

Controis

Locai exhaust
ventilation

manufacture and
apptication of tertilizers

Local exhaust
ventilation

Liberation of dust during
manufacture of
manganese soap and
wood preservatives;
manufacture of safety
matches, signal flares,
tire-works, and strikers;
dunng mixing and kiln
pperations of brick
manufacture

Local exhaust
ventilation

Liberation of dusts
during manufacture and
utilization of oxidation
catalysts, such as
hopcalite, manganese
acetate, and
naphthenate

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
+ Breathing

If a person breathes in large amounts of manganese.
move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.

¢ Swallowing

When manganese has been swallowed and the person is
conscious, give the person large quantities of water
immediately. After the water has been swailowed. try
to get the person to vomit by having him touch the back
of his throat with his finger. Do not make an uncon-
scious person vomt. Get medical attenton immediate-
ly.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one ¢lse and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
anses.

SPILL AND DISPOSAL PROCEDURES

+ Persons not wearing protective equipment and cloth-
ing shouid be restricted from areas of spilis until cleanup
has been completed.

* If manganese is spilled, the following steps shouid be
taken:

1. Remove all ignition sources.

Manganese 3
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2. For small quantities. sweep onto paper or other
suitable material, place 1n an appropriate container and
burn in a safe place (such as a fume hood). Large
quantities may be reclasimed; however. if this is not
practical, dissolve in a1 flammabie solvent (such as
alcohol) and atomize in 2 suitable combustion chamber
equipped with an appropriate effluent gas cleaning
device.

* Waste disposal methods:

Manganese may be disposed of:

1. By making packages of manganese in paper or other
flammable matenal and burning in a suitable combus-
tion chamber equipped with an appropriate efRluent gas
cleaning device.

2. By dissolving manganese in a flammable solvent
(such as aicohol) and atomizing in a suitable combustion
chamber equipped with an appropriate effluent gas
cleaning device.

ADDITIONAL INFORMATION

To find additional information on manganese, look up
manganese in the following documents:

* Medical Surveillance for Chemical Hazards

+ Respiratory Protection for Chemical Hazards

¢ Personal Protection and Sanitation for Chemical
Hazards

These documents are available through the NIQSH
Division of Technical Services, 4676 Columbis Park-
way, Cincinnati, Ohio 45226.
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RESPIRATORY PROTECTION FOR MANGANESE

Condition

Minimum Respiratory Protection®
Required Above 5 mg/m?

Dust or Mist Concentration

25 mg/m? or less

Any dust and mist respirator, except single-use respirators.

50 mg/m? or less

Dust, Mist, or Fume
Concentration

50 mg/m? or less

Any dust and mist respirator, except single-use or quaner-mask respirator.

Any fume respirator or high efficiency particulate filter respirator.
Any supplied-air respirator.
Any seif-contained breathing apparatus.

250 mg/m> or less

A high efficiency particulate filter respirator with a full facepiece.
Any supplied-air respirator with a full facepiece, halimaet, or hood.

Any self-contained breathing apparatus with a full facepisce.

5000 mg/m? or less

A powered air-puritying respirator with a high efficiency particulate filter.

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

10,000 mg/m? or less

A Type C supplied-air respirator with a full facepiece operated in pressure-
demand or other positive pressure mode or with a full facepiece, helmet, or hood
operated in continuous-flow mode.

Greater than 10,000 mg/m?
or entry and escape from
unknown congcentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C suppiied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary sell-contained breathing apparatus operated 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.

*Only NIOSH-approved or MSHA-approved equipment should be used.



Occupational Health Guideline for
inorganic Mercury

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionais who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

e Formula: Hg

* Synonyms: Quicksiiver

* Appearance and odor: Silvery, mobile, odorless
liquid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for mercury is a ceiling
level of 0.1 milligram of mercury per cubic meter of air
(mg/m?). NIOSH has recommended that the permissi-
ble exposure limit be changed to 0.03 mg/m? averaged
over an eight-hour work shift. The NIOSH Criteria
Document for Inorganic Mercury should be consuited
for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Mercury can affect the body if it is inhaled or if it comes
in contact with the eyes or skin. it may enter the body
through the skin.

¢ Effects of overexpogure

1. Short-term Exposure: Inhaled mercury vapor may
cause headaches, cough, chest pains, chest tightness,
and difficulty in breathing. It may also cause chemical
pneumanitis. In addition, it may cause soreness of the
mouth, loss of teeth, nausea, and diarrhea. Liquid
mercury may irritate the skin.

2. Long-term Exposure: Repeated or prolonged expo-
sure to mercury liquid or vapor causes effects which
develop gradually. The first effects to occur are often

fine shaking of the hands, eyelids, lips, tongue. or jaw.
Other effects are allergic skin rash, headache. sores in
the mouth. sore and swollen gums, loose teeth, insom-
nia, excess salivation, personality change, imtability,
indecision, loss of memory, and intellectual detenora-
ton.

3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
mercury.

* Recommended medical surveillance

The following medical procedures should be made
available to each emplioyee who is exposed to mercury
at potentially hazardous levels:

1. Initial Medical! Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Per-
sons with a history of allergies or known sensitization to
mercury, chronic respiratory disease, nervous system
disorders, or kidney disease would be expected to be at
increased risk from exposure. Examination for any signs
or symptoms of unacceptable mercury absorprion such
as weight loss, insomnia, tremors, personality changes,
or other evidence of central nervous system involve-
ment, as wel] as evidence of kidney damage, should be
stressed. The skin should be examined for evidence of
chronic disorders.

—Urinalysis: Since kidney damage has been observed
in humans exposed to mercury, a urinalysis should be
obtained to include, at a minimum, specific gravity,
albumin, glucose, and a microscopic on centrifuged
sediment. Determination of mercury level in urine may
be helpful in assessing extent of sbsorption.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis.

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will

assist in achieving an effective occupational health program

. However, they may not be sufficient to achieve compliance

with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Sernce  Centers for Diseass Control
National institute for Occupations! Salety and Health
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e ilslIAEL f U A AILLIVYY
Acute exposure to mercury at high levels causes severe
respiratory  irritation, digestive disturbances, and
marked renal damage: chronic mercurialism. the form
of intoxication most frequently caused by occupational
exposure, is charactenzed by neurologic and psychic
disturbances. anorexia, weight Joss, and stomatitis. Skin
absorption of inorganic mercury probably adds to the
toxic effects of vapor wnhalation. Intraperitoneal injec-
tion of metallic mercury in rats has produced sarcomas.
Exposure of humans to mercury vapor in concentra-
nons of 1.2 to 8.5 mg/m? causes cough, chest pain and
dyspnea, leading to bronchitis and pneumonitis. Metal-
lic mercury readily vaponzes at room temperature, and
the vapor has no warning properties. At low levels, the
onset of symptoms resulting from chronic exposure is
insidious; fine tremors of the hands, eyelids, lips and
tongue are often the presenung complaint. Coarse jerky
movements and incoordinaton may interfere with the
fine movements considered necessary for writing and
cating. Psychic disturbances such as insomnia, irritabil-
ity, and indecision occur; headache, excessive fatigue,
anorexia, digestive disturbances, and weight loss are
common; stomatitis with excessive salivation is some-
times severe; muscle weakness has been reported. Pro-
tetnuna may occur, but is relatively infrequent. Mer-
cury has been reported to be capable of causing sensiti-
zation dermatitis. Exarmnation of urine for mercury
may be of value. There is no “critical” level of mercury
in urine above or below which poisoning cannot be
seen. Vanous observers have suggested from 0.1 to 0.5
mg of Hg/1 of urine as having clinical significance.
Mercury, particularly organic forms, is known to ad-
versely affect the fetus if the mother is exposed during

pregnancy.
CHEMICAL AND PHYSICAL PROPERTIES

+ Phyvical data

1. Molecular weight: 200.6

2. Boiling point (760 mm Hg): 357 C{674 F)

3. Specific gravity (water = 1): 11.5

4. Vapor density (air = | at boiling point of mer-
cury): Not applicable

5. Melting point: =39 C(-38F)

6. Vapor pressure at 20 C (68 F): 0.0012 mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
1.002

8. Evaporation rate (butyl acetate = 1}: Not applica-
ole
* Reactivity

1. Conditions contributing to instability: None

2. Incompatibilities: Contact with acetylene, acety-
lene products, or ammonia gases may form solid prod-
ucts that are sensitive 1o shock and which can initiate
fires of combustible materials.

3. Hazardous decomposition products: None

4. Special precautions: Mercury can attack copper
and copper alloy materials.

2 Inorganic Mercury

* rlammability

1. Not combustble
* Warning properties

1. Odor Threshold: Mercury 1s odorless.

2. Eye Irniation Level: Grant states that “when
mercury metal droplets are in the epithetium, rather
than the corneal stroma or antenor chamber, they are
extruded rapidly with little reaction. as was reported in
a patient who was sprayed forcefully with metallic
mercury and was observed to have many fine silvery
globules beneath the epithelium of the cornea . . . .

“Mercury metal in contact with the conjunctiva has
been shown in rabbits to be absorbed and ultimnately to
be detectable in the urine. While 1n contact with the
conjunctiva, metallic mercury produced no clinical
signs of conjunctivits, but histologically an inflamma-
tory reaction has been demonstrable. External contact
with mercury vapor has repeatedly been observed to
induce a characteristic discoloration of the crystalline
lens (mercurialentis).” Mercuriaientis also is caused by
systemic potsoning “from absorption of mercury vapor
through the respiratory tract, the skin, and the gastroin-
testinal tract.”

For the purposes of this guideline, mercury is not
treated as an eye irritant.

3. Eveluation of Warming Properties: Mercury has
no waming properties, according to the Hygienic Guide.

MONITORING AND MEASUREMENT
PROCEDURES

¢ Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of mercury. Each measurement
should consist of a fifteen (15) minute sample or series of
consecutive samples totalling fifteen (15) minutes in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee). A minimum of
three (3) measurements should be taken on one work
shift and the highest of all measurements taken is an
estimate of the employee's exposure.

¢ Method

Sampling and analyses may be performed by coliection
of mercury with a three-section solid phase sampler,
followed by analysis with an atomic absorption spectro-
photometer. An analytical method for mercury is in the
NIOSH Manual of Anaiytical Methods. 2nd Ed.. Vol. 6,
1980, available from the Governmem Printing Office,
Washington, D.C. 20402 (GPO No. 017-033-00369-6).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations (o the permissible exposure level. How-
ever, there are some exceptions where respirators may
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be used to control exposure. Respirators may be used
when engineenng and work practice controls are not
technically feasible, when such controis are in the
process of being instalied, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Admimstration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Insttute for Occupational Safety and Heaith.

« In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular truning, maintenance, inspection.
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liquid mercury.

* If employees’ clothing may have become contaminat-
ed with mercury, employees should change into uncon-
taminated clothing before leaving the work premises.
¢ Clothing contaminsted with mercury should be
placed in closed containers for storage until it can be
discarded or until provision is made for the removal of
mercury from the clothing. If the clothing is to be
laundered or otherwise cleaned to remove the mercury,
the person performing the operation should be informed
of mercury’s hazardous properties.

¢ Non-impervious clothing which becomes contami-
nated with mercury should be removed promptly and
not reworn until the mercury is removed from the
clothing.

SANITATION

* Workers subject to skin contact with liquid mercury
should wash with soap or mild detergent and water any
areas of the body which may have contacted mercury at
the end of each work day.

¢ Skin that becomes contaminated with mercury
should be promptly washed or showered with soap or
mild detergent and water to remove any mercury.
+ Esting and smoking should not be permitted in areas
where mercury is handled, processed, or stored.

» Employees who handle mercury should wash their
hands thoroughly with soap or mild detergent and
water before eating, smoking, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to mercury may occur and control
methods which may be effective in each case:
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Operation

Use as a liquid cathode
in electrolytic
production of chlorine
and caustic soda from
brnne

Use dunng manufacture
and reparir of industriai
and medical apparatus,
use during manufacture
ol inorganic and organic
compounds for use as
pesticides, antiseptics,
germicides, and skin
preparations, and
miscelianeous
applications as

chemical intermediates,
praservatives, and
pigments

Use in preparation of
amalgams for use in
tooth restorations,
chemical processing,
and moiding operations;
use during manufacture
of mildew-proof paints
and marine antifouling
agents

Use in manufacture of
organic mercurials; use
in manufacture ot
battenes, lJamps, and
power tubes;
manufacture of
tungstan-molybdenum
wir@ and rods; use in
manufacture of
inorganic salts for use
as catatysts in
production of

urethanes, vinyl chioride

monomers,
anthragquinone
derivatives, and other
miscellaneous
chemicals

Controls

Generai dilution
ventilation; process
enclosure; local exhaust
ventilation; personal
protective equipment;
meticulous
housekeeping

General dilution
ventilation; process
enclosure; local exhaust
ventilation; personal
protective equipment,
maeticulous
housekeeping

General dilution
vantilation; process
enciosure; local exhaust
ventilation; personal
protective equipment

General dilution
ventilation; process
enclosure; local exhaust
ventilation; personal
protective aquipment:
maticulous
housekeaping
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Use as a chemical
intermediale and in the
manufacture of feit; as a
flotation agent in
manufacture of bowiing
balls; use as a
laboratory reagent or as
a working fluid in
instruments

Use as a conductor
dunng construction ang
mantenance of miitary
and nuclear power
systems, in mercury-
stem boilers, and in air-
rectifiers

Liberation during
roasting and smefting
operations

Use in manufacture of
explosives; in
preparation of
amalgams tor use in
artificial jeweiry

Use in manufacture of
compounds for pulp and
paper industry as
controis for biological
growths

Liberation during muning
and subseguent refining
of ore containing
cinnabar

Genera! dilution
ventiation; process
enclosure; local exhaust
ventilation; personal
protective equipment;
meticuious
housekeeping

General dilution
ventilation; personal
protective equipment;
meticuious
housekeeping

General dilution
vantilation; local
exhaust ventiiation

General dilution
ventilation; process
enclosure; local exhaust
ventilation; personai
protective equipment;
meticulous
housekeeping

General dilution
ventilation; process
anclosure; iocat exhaust
ventilation; personal
protective equipment

General ditution
ventilation; personal
protective equipment;
metculous
housekeeping

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.

¢ Eye Exposure

If liquid mercury gets into the eyes, wash eyes immedi-
ately with large amounts of water, lifting the lower and
upper lids occasionally. If irntation is present after
washing, get medical attention. Contact lenses should
not be worn when working with this chemical.

+ Skin Exposure

If liquid mercury gets on the skin, promptiy wash the
contaminated skin using soap or mild detergent and
water. If liquid mercury penetrates through the cloth-
ing, remove the clothing promptly and wash the skin
using scap or mild detergent and water. If irritation
persists after washing, get medical attention.

4 inorganic Mercury
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If a person breathes in large amounts of mercury, move
the exposed person to fresh air at once. If breathing has
stopped, perform arttficial respiration. Keep the affect-
ed person warm and at rest. Get medical attenuon as
00N as possible.

* Swajlowing

When large quantities of mercury have been swallowed
or mercury has been swallowed repeatedly and the
person 1s cons¢ious. give the person large quantities of
water immediately. After the water has been swal-
lowed. try to get the person to vomit by having him
touch the back of his throat with his finger. Do not
make an unconscious person vomit. (Get medical atten.
fion immediatety.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills unui cleanup
has been compieted.

* If mercury is spilled, the following steps should be
taken:

1. Ventilate area of spill.

2. Collect spilled matenial for reclamation using com-
mercially available mercury vapor depressants or spe-
cialized vacuum cleaners.
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RESPIRATORY PROTECTION FOR INORGANIC MERCURY

Condition

Minimum Respiratory Protsction®
Required Above 0.1 mg/m*

Particulate or Vapor
Concentration

1 mg/m? or less

Any supplied-air respirator.

Any self-contained breathing apparatus.

5 mg/m? or less

Any supplied-air respirator with a tult tacepiace, netmet, or hood.

Any self-contained breathing apparatus with a full facepiece.

28 mg/m? or iess

A Type C supplied-air respiralor operated in pressure-demand or other positive

pressure or continuous-flow mode.

Greater than 28 mg/m? or
entry and escape from
unknown concentrations

Seif-contained breathing apparatus with a full facepiece gperated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-fiow mode and an auxiliary seif-contained breathing apparatus operated 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.
Escape Any gas mask providing protection against mercury.

Any escape self-contained breathing apparatus.

“Only NIOSH-approved or MSHA-approved equipment should be used.

September 1978

inorganic Mercury 5



Occupational Health Guideline for
Methylene Chioride

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not sttempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

s Formula: CH,Ch

» Synonyms: Dichloromethane; methylene dichloride
s Appearance and odor: Colorless liquid with an odor
like chloroform.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for methylene chloride is
500 parts of methylene chloride per million parts of air
(ppm) averaged over an eight-hour work shift, with an
acceptable ceiling level of 1000 ppm and a maximum
peak concentration of 2000 ppm for 5 minutes in any
two-hour period. NIOSH has recommended that the
permissible exposure limit be reduced to 75 ppm aver-
aged over a work shift of up to 10 hours per day, 40
hours per week, with a ceiling level of 500 ppm
averaged over a 15-minute period. NIOSH further
recommends that permissible levels of methylene chlo-
ride be reduced where carbon monoxide is present. The
NIOSH Cniteria Document for Methylene Chioride
should be consulted for more detailed information.

HEALTH HAZARD INFORMATION

= Routes of exposure

Methylene chionde can affect the body if it 1s inhaled or
if it comes in contact with the eyes or skin. 1t can also
affect the body if it is swallowed.

o Effects of overexposure

1. Short-term Exposure: Methylene chloride i1s an anes-
thetic. Inhaling the vapor may cause mentai confusion,

light-headedness. nausea, vomiting, and headache Con-
tinued exposure may cause increased light-headednes
staggering, unconsciousness. and death. High vapor
concentrations may also cause irntation of the eyes and
respiratory tract. Exposure to this chemical may make
the symptoms of angina worse. Skin exposure to the
liquid may cause irritation. If the liquid i1s held 1n
contact with the skin, it mav cause skin burns. Splashes
of the liquid into the eyes may cause irnitation.

2. Long-term Exposure: Proionged or repeated exposure
to methylene chiornide may cause irritation of the skin.
3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure 10
methyiene chlonde.

* Recommended medical surveillance

The following medical procedures should be made
availabie to each employee who is exposed to methy-
lene chloride at potentially hazardous leveis:

1. Initial Medical Examination:

—A complete history and physical examination: The
purpose s to detect pre-existing conditions that might
place the employee at increased risk. and to esiablish a
baseline for future health monitoring. Examination of
the skin, liver, kidneys, cardiovascular system, and
blood should be stressed. Clinical impressions of the
autonomic nervous system and pulmonary funcuon
should be made, with additional tests conducted where
indicated.

—Skin disease: Methylene chlonde can cause derma-
titis on prolonged exposure. Persons with pre-exisung
skin disorders may be more susceptible to the effects of
this agent.

—Liver function test: Methylene chlonde causes
liver damage in antmals and this justifies consideration
before exposing persons with impaired liver function. A
profile of liver function should be obtained by utilizing
a medically acceptable array of biochemical tests.

—Kidney disease: Methylene chlonde causes kidney
damage in animals and this justifies special considera-

These recommendations reflect good industrial hygiene and medicai surveillance practices and therr implementation will
assist in achieving an sffective occupational heaith program. However, they may not be sutficient to achieve comphance
with all requirements of OSHA reguiations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Heaith Servica  Centers for Disease Control
Ngtional Institute for Occupational Safety and Heaith
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uon betore exposing persons with impaired renal func-
hon.

—Cardiovascular disease: Because of reports of ex-
cesstve carbon monaxide leveis following exposure (o
methviene chlonde, persons with cardiac disease may
be at increased risk.

—A compiete blood count: A complete biood count
shouid be performed. including a red cell count, a white
cell count. a differennal count of a stained smear. as
well as hemogiobin and hematocrit. Carboxyhemoglo-
bin values should also be determined periodically, and
any level above 5% should prompt an investigation of
the worker and his workplace.

2. Periodic Medical Examination: The aforementioned
medical examinauons should be repeated on an annual
basis.

+ Summary of toxicology

Methylene chlonde vapor 1s a mild narcotic. Exposure
of animals to 15,000 ppm for 7 hours was fatal. Animal
expenments have shown that continuous exposure to
1.000 ppm can be lethal in 5 to 7 weeks for dogs and that
fatty livers, icterus, pneumonia, and splenic atrophy
developed in dogs. Cardiac arrhytmias attributed to
sensitization of the myocardium have been observed
following exposure to high concentrations of some
chionnated hydrocarbons, but dogs exposed to 10,000
and 20,000 ppm of methylene chloride did not show this
phenomencn. In human experiments, inhalation of 500
1o 1000 ppm for | 10 2 hours resuited in lightheadedness;
there was sustained elevation of carboxyhemoglobin
ievel. High exposures have resulted in deaths in indus-
trial situations. Lower but unknown concentrations
have caused such symptoms as lightheadedness, weak-
ness. nausea, and “drunken behavior,” resulting in mis-
takes and accidental falls. Phosgene poisoning has been
reported to occur in several cases where methylene
chloride was used in the presence of an open fire.
Liquid methylene chlonde is irritating to the skin on
repeated contact. Splashed in the eye, it 1s painfuily
rniating. but s not likely 1o cause senous injury.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data

1. Molecular weight: 84.9

2. Boiling point (760 mm Hg}: 39.8 C (104 F)

1. Specific gravity (water = 1): 1.3

4. Vapor density (air = | at boiling point of methy-
lene chlonde): 2.9

5. Melting point: —97C(-142F)

6. Vapor pressure at 20C (68 F): 350 mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
1.32

8. Evaporation rate (butyl acetate = 1):27.5
¢ Reactivity

1. Conditions contributing to instability: Heat and
moisture

2. Incompatibilities: Contact with strong oxidizers,
strong caustics, and chemically active metals such as

2 Msthyiene Chioride

aluminum or magnesium powder, sodium and potas-
sium may cause fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as hydrogen chlonde. phosgene. and
carbon monoxide) may be released 1n a fire involving
methylene chlonde.

4 Special precautions: Liquid methyiene chlonde
will attack some forms of plastics, rubber, and coatings.
* Flammability

1. Flash point: None with normal test method

2. Autoigmtion temperature: 556 C (1033 F)

3. Flammable Itmits in air, % by volume: (at elcvated
temperatures) Lower: 12; Upper: 19

4 Extingwshant: Dry chemical, carbon dioxide.
foam
* Warning properties

I. Odor Threshold: Different authors have reported
varying odor thresholds for methylene chloride.
Summer and May both report 150 ppm; Kirk-Qthmer
and Sax both report 25 to 50 ppm; Spector reports 320
ppm. Patty, however, states that since one can become
adapted to the odor, it cannot be considered an ade-
quate warning property.

2. Eye Irntation Level: Grant reports that methylene
chloride “presents no particular hazard to the eyes.”
Kirk-Othmer, however, reports that “methylene chio-
ride vapor is seriously damaging to the eyes.™ Sax
agrees with Kirk-Othmer's statement.

The Documeniation of TL Vs states that irritation of
the eyes has been observed in workers who had been
exposed to concentrations up to 5000 ppm, but that
neurasthenic disorders were found in 50% and digestive
disturbances in 30% of the persons exposed.

3. Other Information: Gleason reports that methy-
lene chloride may be “irritating to the respiratory tract
and may produce pulmonary edema” but gives no
quantitative information. The Documentation of TLV s
reports that in one investigation. irritation of the respi-
ratory passages was observed in workers who had been
exposed 10 concentrations up to 5000 ppm.

4. Evaluanon of Warning Properties: Since no de-
tailed information is available relating the irritant effects
of methylene chlonde to air concentrations and since
adaptation to the odor occurs, methylene chloride is
treated as a material with poor warning properties.

MONITORING AND MEASUREMENT
PROCEDURES

* Eight-Hour Expogure Evalustion

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee).
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* Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken dunng periods of maximum expected
airborne concentrations of methylene chloride. Each
measurement should consist of a fifteen (15) minute
sample or senes of consecutive sampies totalling fifteen
(15) minutes in the employee’s breathing zone (air that
would most nearly represent that inhaied by the em-
ployee). A mmmimum of three (3} measurements should
be taken on one work shift and the highest of all
measurements taken 15 an estimate of the emplovee’s
exposure.

e Peak Above Ceiling Evaiuation

Measurements to determine employee peak expaosure
should be taken during pericds of maximum expected
airborne concentration of methylene chloride. Each
measurement should consist of a 30-minute sample or a
series of consecutive samples totalling 30 minutes in the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee). A minimum of
three measurements should be taken on one work shift
and the highest of ail measurements taken is an estimate
of the employee's exposure.

¢ Method

Sampiing and analyses may be performed by collection
of wvapors using an adsorption tube with subsequent
desorption with carbon disulfide and gas chromatogra-
phic analysis. Also, detector tubes certified by NIOSH
under 42 CFR Part 84 or other direct-reading devices
calibrated to measure methylene chloride may be used.
An analytical method for methylene chloride is in the
NIOSH Manual of Analytical Methods. 2nd Ed.. Vol. 3.
1977. available from the Government Printing Office.
Washington. D.C. 20402 (GPO No. 017-033-00261-4).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineenng controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may aiso be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.
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PERSONAL PROTECTIVE EQUIPMENT

* Employees shouid be provided with and required 1o
use impervious clothing, gloves. face shields (eight-inch
mimmuml. and other appropnate protective clothing
necessary 10 prevent repeated or prolonged skin contact
with hquid methylene chionde.

* Non-umpervious clothing which becomes wer with
liguid methylene chlonde should be removed promptis
and not reworn unti the methyiene chlonde 1s removed
from the clothing.

* Emplovees should be provided with and required to
use spiash-proof safety goggles where liquid methylene
chlonde may contact the eves.

SANITATION

* Skin that becomes wet with liquid methylene chlo-
ride should be promptly washed or showered with soap
or mild detergent and water to remove any methyiene
chlonde.

COMMON OPERATIONS AND CONTROLS

The following list inciudes some common operations in
which exposure to methylene chloride may occur and
control methods which may be effective in each case.

Operation

Use as a solvent in
paint and varmsh
removers; manufacture
of aerosots; cold
cteaning and ultrasonic
cleaning; and as an
exiraction solvent for
foods and furniture
processing

Use as a cooling
soivent in manufacture
of cellulose acetate; in
organic synthesis; and
in plastics processing

Use as a soivent in
vapor degreasing of
thermal switches and
thermometers

Use as a secondary
refrigerant in air
conditioning and
scientific testing

Controls

General dilution
ventilation; local
exhaust ventilation;
personal protective
equipment

Process enclosure;
locat exhaust ventiation

Process enciosure;
local exhaust ventilation

General dilution
vantilation; local
exhaust ventilation;
personal protective
equipment
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Geaneral dilution
ventilation; local
axhaust ventilation;
personal protective
equipment

Use as an extraction
spivent for edible fats,
coca. butter, beer
flavoning in hops,
decaffeinated coffes,
oleoresin manufacture,
olls, waxes, perfumes,
ftavonngs, and drugs

General dilution
ventilation; local
exhaust ventilation;
personal protective
equipment

Use as a solvent for
paints, lacquers,
varmishes, enamals,
adhesives, rubber
cements, manufacture
of pnnted circuit boards,
as a camef for
pharmaceutical tablet
coatings, shrink-fitting
of synthetic rubber
covers, and dyeing of
synthatic fibers

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.

* Eye Exposure

If methylene chloride gets into the eyes, wash eyes
immediately with large amounts of water, lifting the
lower and upper lids occasionally. If irritation is present
after washing, get medical attention. Contact lenses
should not be worn when working with this chemical.

* Skin Exposure

If methylene chloride gets on the skin, promptly wash
the contaminated skin using soap or mild detergent and
water if the methylene chloride has not already evapo-
rated. If methylene chioride soaks through the clothing,
remove the clothing promptly and wash the skin using
sosp or mild detergent and water. If irritation persists
after washing, get medical attention.

¢+ Breathing

If a person breathes in large amounts of methylene
chloride, move the exposed person 1o fresh air at once.
If breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
Aftention as soon as possible.

s Swallowing

When methylene chioride has been swallowed, get
medical attention immediately. If medical attention is
not immediately available, get the afflicted person to
vomit by having him touch the back of his throat with
his finger or by giving him syrup of ipecac as directed
on the package. This non-prescription drug is available
at most drug stores and drug counters and should be
kept with emergency medical supplies in the workplace.
Do not make an unconscious person vomit.

4 Methylene Chioride

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the estabiished emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need
arses.

SPILL AND LEAK PROCEDURES

* Persons not wearing protective equipment and cloth-
ing shouid be resinicted from aress of spills or leaks until
cleanup has been completed.

* if methylene chloride is spilled or leaked, the foliow-
ing steps should be taken:

1. Remove all ignition sources.

2. Ventilate ares of spili or leak.

1. Collect for reclamation or absorb in vermiculite, dry
sand, earth, or & similar material.
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RESPIRATORY PROTECTION FOR METHYLENE CHLORIDE

Condition

Minimum Respiratory Protection®
Required Above 500 ppm

Vapor Concentration
5000 ppm or less

Any supplied-air rospirafor with a tufl facepiece, heimet, or hood.
Any self-contained breathing apparatus with a full facepiece.

Greater than 5000 ppm or
aentry and escape from
unknNown concentrations

Self-contained breathing apparatus with a fuil facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
tull facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary seif-contained breathing apparatus operated in
pressure-demand ofr other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.
Escape Any gas mask providing protection against organic vapors.

Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.
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Occupational Health Guideline for
Naphthalene

INTRODUCTION

This guideline 1s intended as a source of information for
employees, empioyers, physicians, industrial hygienists,
and other occupational health professionais who may
have a need for such information. [t does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

¢ Formula: C,eH,

¢ Synonyms: White tar; naphthalin

» Appearance and odor: Colorless to brown solid with
the odor of mothballs.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for naphthalene is 10 parts
of naphthalenc per million parts of air (ppm) averaged
over an eight-hour work shift. This may also be ex-
pressed as 50 milligrams of naphthalene per cubic meter
of air (mg/m?).

HEALTH HAZARD INFORMATION

* Routes of exposure

Naphthalene can affect the body if it is inhaled, if it
comes in contact with the eyes or skin, or if it is
swallowed. It may enter the body through the skin.
o Effects of overexposure

1. Short-term Exposure: Inhalation or ingestion of naph-
thalene may cause abdominal cramps, nausea, vomiting,
diarrhea, headache, tiredness, confusion, painful urina-
tion, and bloody or dark urine. Swallowing large
amounts may cause convulsions or coma. Inhalation,
ingestion, and possibly skin absorption of naphthalene
may cause destruction of red blood cells with anemia,
fever, yellow jaundice, bloody urine, kidney and liver
damage. Naphthaiene, on contact with the eyes, has
produced irritation. Naphthalene, on contact with the
skin, has produced skin irnitation.

2. Long-term Exposure: Repeated skin exposure to naph-
thalene may cause an allergic rash. Repeated exposure
may cause cataracts.

3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure 1o
naphthalene.

¢ Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to naphtha-
lene at potentially hazardous levels:

1. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and 10
establish a baseline for future hesith monitoring. Per-
sons with a deficiency of glucose-6-phosphate dehydro-
genase in erythrocytes may be at increased risk from
exposure. Examination of the eyes, blood, liver and
kidneys should be stressed. The skin should be exam-
ined for evidence of chronic disorders.

—A complete blood count: Naphthalene has been
shown 1o cause red blood cell hemolysis. A complete
blood count should be performed, including a red cell
count, a white cell count, and a differential count of a
stained smear. as well as hemoglobin and hematocrit.

—Urinalysis: Since kidney damage may aiso occur
from exposure to naphthalene, a urinalysis should be
performed. including at s minimum specific gravity,
albumin, glucose, and a microscopic on ceninfuged
sediment.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis.

¢ Summary of toxicology

Naphthalene vapor causes hemolysis and eye irritation;
it may cause cataracts. Severe intoxication from inges-
tion of the solid results in characteristic manifestations
of marked intravascular hemolysis and its conse-
quences, including potentiaily fatal hyperkalemia. Ini-
tial symptoms include eye irritation, headache, confu-

These recommendations refiect good industrial hygiene and medical surveillance practices and their implementation will
assist in achieving an effective occupational health program. However, they may not be sutficient to achieve compliance
with all requirements of OSHA requiatons,

US. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Heatth Service  Centers for Disease Control
National insttute for Occupatonal Safety and Health
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sion, excitement, malaise, profuse sweaung, nausea,
vomiting, abdominal pain, and irntation of the bladder;
there may be progression to jaundice, hematyna, hemo-
globinuria. renal tubular blockage, and acute renal
shutdown. Hematologic features include red cell frag-
mentation. Icterus, severe anemia with nucleated red
ceils. leukocytosis, and dramatic decreases in hemoglo-
bin. hematocrit. and red cell count; sometimes there is
formation of Heinz bodies and methemoglobin. [ndivid-
uals with a deficiency of giucose-6-phosphate dehydro-
genase in erythrocytes may be more susceptible to
hemolysis by naphthalene. Cataracts and ocular irnta-
tion have been produced experimentally in animals and
have been described in humans; of 21 workers exposed
to high concentrations of fume or vapor for 5 years, 8
had peripheral lens opacities; in other studies no abnor-
malities of the eyes have been detected in workers
exposed to naphthalene for several years. The vapor
causes eye irritation at 15 ppm; eye contact with the
solid may result in conjunctivitis, superficial injury to
the cornea, chornoretinitis, scotoma, and diminished
visual acuity. Naphthalene on the skin may cause hyper-
sensitivity dermatitis; chronic dermatitis is rare.

CHEMICAL AND PHYSICAL PROPERTIES

+ Physical data

1. Molecular weight: 128.2

2. Boiling point (760 mm Hg): 218 C (424 F)

3. Specific gravity (water = 1): 1.14

4. Vapor density (air = | at boiling point of naphtha-
lene): 4.4

5. Melting point: 74~ 80 C (165 - 176 F)

6. Vapor pressure at 20 C (68 F): 0.05 mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
0.003 )

8. Evaporation tate (butyl acetate = 1) Much less
than |
* Reactivity

1. Conditions contributing to instability: None.

2. Incompatibilities: Contact with strong oxidizers
may cause fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as dense acrid smoke and carbon
monoxide) may be released in a fire involving naphtha-
lene.

4. Special precautions: Melted naphthalene will
attack some forms of piastics, rubber, and coatings.
* Flanmmability

1. Flash point: 79 C (174 F) (closed cup)

2. Autoignition temperature: 526 C (979 F)

3. Flammabie limits in air, % by volume: Lower: 0.9;
Upper: 5.9

4. Extinguishant: Carbon dioxide, dry chemieal,
foam
¢ Warning properties :

1. Odor Threshold: The AIHA Hygienic Guide re-
ports that the odor threshold of naphthalene is “at least
as 10w as 0.3 ppm.”

2 Naphthalene

2. Eye lrmtation Level: The Hygienie Guide states
that “‘naphthalene vapor is reported 1o cause eye irnta.
tion at |5 ppm or above in air.”

3. Evaluation of Warning Properuies: Through s
odor and irnitant effects, naphthalene can be detected at
or below the permissible exposure imit. Naphthalene.
therefore, is treated as a material with good warning
properties.

MONITORING AND MEASUREMENT
PROCEDURES

s General

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sampie or on two four-hour
samples. Several short-time interval samples (up 1o 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

* Method

Sampiing and analvses may be periormed by collecuion
of vapors using an adsorpuon tube with subsequent
desorption with carbon disulfide and gas chromatogra-
phic analysis. Also, detector tubes cerufied by NIOSH
under 42 CFR Part 84 or other direct-reading devices
calibrated tc measure naphthalene may be used. An
anaiytical method for naphthalene is in the N/OSH
Manual of Anaiytical Methods. 2nd Ed.. Vol. 4. 1978.
avaiable from the Government Printing Office, Wash-
imgton. D.C. 20402 (GPO No. 017-033-00317-3).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineening controis be used to reduce environmental
concentrations to the permissible exposure tevel. How-
ever, there are some exceptions where respirators may
be used to control eaposure. Respirators may be used
when engineering and work practice conirols are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be suppiemented. Respirators may ailso be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Admintstration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.
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PERSONAL PROTECTIVE EQUIPMENTY

+ Employees should be provided with and required to
use impervious clothing, gioves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary 10 prevent repeated or prolonged skin contact
with naphthalene or liquids containing naphthalene.
+ 1f emplovees’ clothing may have become contaminat-
ed with solid naphthalene, employees should change
into uncontaminated clothing before leaving the work
premises.

» Clothing contaminated with naphthalene shouid be
placed 1n closed containers for storage until it can be
discarded or until provision is made for the removal of
naphthalene from the ciothing. If the clothing is to be
laundered or otherwise cleaned to remove the naphtha-
lene, the person performing the operation should be
informed of naphthalene’s hazardous properties.

» Non-impervious clothing which becomes contami-
nated with naphthalene should be removed promptly
and not reworn untul the naphthalene is removed from
the clothing.

+ Employees should be provided with and required to
use dust- and spiash-proof safety goggles where solid
naphthalene or liquds containing naphthalene may
contact the eyes.

SANITATION

» Skin that becomes contaminated with naphthalene
should be promptly washed or showered with soap or
mild detergent and water to remove any naphthalene.
¢ Eating and smoking should not be pertnitted in areas
where solid naphthalene s handled, processed, or
stored.

* Employees who handle naphthaiene or liquids con-
taining naphthalene should wash their hands thorough-
ly with soap or mild detergent and water before eating,
smoking. or using toiet facilities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to naphthalene may occur and control
methods which may be sffective in each case:

Operation Controis

Local exhaust
ventilation; general
dilution ventitation;
parsonal protective
equipment

Formulation of
insecticide and moth
repellant as flakes,
powder, balls, or cakes

General diiution
ventilation; parsonal
protective equipment

Use as a fumigant for
moth repeilant and
insecticide
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Operation Controls

Use in manulacture of
chemical intermediates
for producton of
pharmaceutcals. resins,
dyes. plastcizers,
solvents, coatings,
insecticides, pigments,
rubber chemicals,
tanning agents,
surfactants, waxes,
cable coatings, textile
spinning lubncants,
rodenticides. and in
storage battenes

Local exhaust
ventilation; generai
dilution ventitation;
personal protective
equipment

Local exhaust
ventilation; process
enciosure; genaral
dilution ventilation;
personal protective
equipment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

[f naphthalene or liquids containing naphthalene get
into the eves, wash eyes immediately with large
amounts of water, lifting the lower and upper lids
occasionally. If irritation is present after washing, get
medical attention. Contact lenses should not be wors
when working with this chemical.

* Skin Exposare

[f molten naphthalene gets on the skin, immediately
flush the skin with large amounts of water. Get medical
attention immediately. If naphthalene or kquids coo-
taining naphthalene get on the skin, promptly wash the
contaminated skin using soap or mild detergent and
water. [f naphthalene or liquids containing naphthalene
penctrate through the clothing, remove the clothing
immediately and wash the skin using soap or mid
detergent and water. If irntation persists after washing.
get medical attention.

* Breathing

If a person breathes in large amounts of naphthaiene,
move the exposed person to fresh air at once.

¢ Swallowing

When naphthalene has been swailowed and the persan
is conscious, give the person large quantities of water
immediately. After the water has been swallowed, try
to get the person to vomit by having him touch the back
of his throat with his finger. Do not make an uncoe-:
scious person vomit. Get medical attention immediate
ly.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-

Manutfacture of
naphthalene
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one eise and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need
anses.

SPILL AND DISPOSAL PROCEDURES

* Persons not weanng protective equipment and cioth-
ing shouid be restncted from areas of spills until cleanup
has been completed.

* [f naphthalene s spilled, the following steps shouid be
taken:

1. Ventilate area of spiil.

2. For smail quantities, sweep onto paper or other
suttable marenial, place in an appropriate container and
burn in a safe pisce (such as a fume hood). Large
quantities may be reciasimed; however, if this is not
practical, dissolve in 8 flammable soivent (such as
alcohoi) and atomize in s suitable combustion chamber.
» Wasie disposal methods:

Naphthalene may be disposed of:

1. By making packages of naphthalene in paper or
other {lammable material and burning in 2 suitable
combustion chamber.

2. By dissolving naphthalene in a (lammable solvent
(such as alcohol) and stomizing in a suitable combustion
chamber.

ADDITIONAL INFORMATION

To find additional information on naphthalene, look up
naphthalene in the following documents:

= Medical Surveillance for Chemical Hazards

* Respiratory Protection for Chemical Hazards

* Personal Protection and Sanitation for Chemical
Hazards

These documents are available through the NIOSH
Division of Technical Services, 4676 Columbia Park-
way, Cincinnati, Ohio 45226.
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RESPIRATORY PROTECTION FOR NAPHTHALENE

Condition Minimum Respiratory Protection*
Required Above 10 ppm

Particuiate and Vapor

Concentration
500 ppm of l8ss A chemical cartridge respirator with a full facepiece, organic vapor carindge(s).
and dust filter.
A gas mask with a chin-style or a front- or back-mounted organic vapor canister
and dust filter.
Any supplied-air respirator with a full facepiece, heimet, or hood.
Any self-contained breathing apparatus with a full facepiece.
Greater than 500 ppm or Seli-contained breathing apparatus with a full facepiece operated in pressure-
entry and escape from demand or other positive prassure mode.

unknown concentrations

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure of continu-
ous-filow mode and an auxiliary seif-contained breathing apparatus operated 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.

Escape Any gas mask providing protection against organic vapors and particulates.
Any escape salf-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.



Occupational Health Guideline for
Nicke! Metal and Soluble Nickel Compounds

INTRODUCTION

This guideline 1s intended as a source of information for
employees, employers, physicians. industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data: rather, it presents pertinent information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to all soluble nickel compounds. Physicai and
chemical properties of several specific compounds are
provided for illustrative purposes.

SUBSTANCE IDENTIFICATION

Nickel, metallic

¢ Formula: Ni

* Synonyms: Nickel catalyst; Raney mckel

¢ Appearance and odor: Siivery gray, metallic (or
darker), odorless powder.

Nickel nitrate hexahydrate

* Formula: Ni{NQ;),-4H;O
* Synonyms: None
¢ Appearance and odor: Green. odorless solid.

Nickel sulfate hexahydrate

* Formulia: NiSO.-H,O
* Synonyms: None
* Appeuarance and odor: Green. odorless solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for nickel metal and
soluble nickel compounds is | milligram of nickel metal

and soluble mickel compounds per cubic meter of arr
(mg/m*) averaged over an eight-hour work shifl
NIOSH has recommended that the permissible expo-
sure limit for nickel be reduced to 0.015 mgs/m* aver-
aged over a work shift of up to 10 hours per day. ¥
hours per week, and that nickel be regulated as an
occupational carcinogen. The NIOSH Criteria Docu-
ment for Inorganic Nickel and the Special Occupational
Hazard Review for Nickel Carbonyl should be consuit-
ed for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Metailic nickel or soluble nickel compounds can affect
the body if they are inhaled or if they come in contact
with the eyes or skin. They can also affect the body if
they are swallowed.

¢ Effects of overexposure

Nickel fumes are respiratory irritants and may cause
pneumonitis. Skin contact may cause an allergic skin
rash. Nickel and its compounds have been reported to
cause cancer of the lungs and sinuses. Nickel itself is not
very toxic if swallowed. but its soluble salts are quite
toxic and, if swallowed, may cause giddiness and
nausea. Exposure to nickel carbonyl (by inhaiation or
skin absorption) may cause both initial and delayed
symptoms. Initial symptoms include headache, dizn-
ness, shortness of breath. and vomiting. These symp-
toms generally disappear when the worker is exposed to
fresh air. The delayed sympioms may develop 12 10 3t
hours after exposure. The shortness of breath returns. a
blue color of the skin may appear, and a fever may
develop. The exposed person may become delirious. In
some cases the symptoms may run together. Death may
occur. -

¢ Reporting signs and symptoms

A physician shouid be contacted if anyone develops any
signs or symptoms and suspects that they are caused by
exposure 10 nickel metal and soluble nickel compounds.

These recormmendations reflect good industrial hygiene and medical surveillance practices and ther implementation will
assist ;0 achieving an effective occupational health program. However, they may not be sutficient 10 achieve compliance
with all requirements of OSHA reguiations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Haalth Servce Centers for Disease Control
Natonai institute for Occupatonal Safety and Heaith
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* mecommenged MeqiCai survellance

The foliowing medical procedures should be made
availabte to each employee who is exposed to nickel
metal and soiluble nickel compounds at potentially haz-
ardous levels:

! Initial Medical Examination:

—A compilete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed empiloyee at increased risk. and to
establish a baseline for future health monitoring. Per-
sons with a history of asthma. aliergies, or known
sensitization to nickel metwal and soluble nickel com-
pounds would be expected to be at increased risk from
exposure. Examination of the nasal cavities and lungs
shouid be stressed. The skin should be examined for
evidence of chronic disorders.

—14"" x 17" chest roentgenogram: Nickel metal and
soluble nickel compounds cause human lung damage
and cancer of the lung. Surveillance of the lungs is
indicated.

—FVC and FEV (] sec): Nickel metal and soluble
nickel compounds are respiratory irritanis. Persons
with impatred pulmonary function may be at increased
risk from exposure. Periodic surveillance is indicated.

—Skin disease: Nickel metal and soluble compounds
are defatting agents and can cause dermatitis on pro-
longed exposure. Persons with pre-existing skin disor-
ders may be more susceptible to the effects of these
agents.

2. Periodic Medical Examination: The aforementioned
medical examinatons should be repeated on an annual
basis.

¢ Summary of toxicology

Metallic nickel and centain soluble nickel compounds as
dust or fume cause sensitization dermatitis and probably
produce cancer of the paranasal sinuses and the lung;
nickel fume in high concentrations is a respiratory
irritant. Severe but transient pneumonitis in iwo work-
ers resulted from expostre 1o nickel fume; in one case,
exposure was for 6 hours, and post-incident sampling
suggested a nickel concentration of 0.26 mg/m?.
“Nickei itch™ is a dermatitis resulting from sensitization
1o nickel; the first symptom is usually itching, which
occurs up to 7 days before skin eruption appears. The
pnmary skin eruption is erythematous, or follicular; it
may be followed by superficial discrete ulcers, which
discharge and become crusted, or by eczema; in the
chronic stages, pigmented or depigmented plaques may
be formed. Nickel sensitivity, once acquired, is appar-
ently not lost; recovery from the dermatitis usually
occurs within 7 days of cessation of exposure, but may
take several weeks. A worker who had developed
cutanecus sensitization also developed apparent asthma
from inhalation of nickel sulfate; immunologic studies
showed circulating antibodies to the salt, and controlled
exposure to a solution of nickel sulfate resulted in
decreased pulmonsary function and progressive dys-
pnea; the possibility of developing hypersensitivity
pneumonitis could not be excluded. In animals, finely

2 Nickel Metal and Soluble Nickel Compounds

avigea metallic niCkel was Carcinogenic when intro-
duced into the pleural cavity, muscle tissue, and subcu-
taneous tissues: rats and guinea pigs eaposed (o a
concentration of 15 mg/m? of powdered metallic nickel
developed malignant puimonary neoplasms. Several
epidemiologic studies have shown an increased inci-
dence of cancer of the paranasal sinuses and lungs
among workers n nickel refineries and factortes: susp:-
cion of carcinogemicity has been focused primanly on
respirabie paructes of nickel, nickel subsulfide, nickel
onde, and on nickel carbonyl vapor. Many of the
studies also included exposures to other suspected car-
cinogens.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data—Nickel, metallic

1. Molecular weight: 58.7

2. Boiling point (760 mm Hg): 2730 C (4946 F)

3. Specific gravity (water = 1): 8.9

4. Vapor density (air = | at boiling point of metallic
nickel}): Not appiicable

5. Melting point: 1453 C (2648 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
Insolubie

B. Evaporation rate (butyl acetate = 1): Not appiica-
ble
* Physical data~—Nickel nitrate hexabydrate

1. Molecular weight: 290.8

2. Boiling point (760 mm Hg): 137 C (278 F) (loses
water)

3. Specific gravity (water = 1): 2.05

4. Vapor density (air = 1 at boiling point of nickel
nitrate hexahydrate): Not applicable

5. Melting point: 57 C (135 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C {68 F):
60

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Physical data-~Nickel sulfste hexahydrate

1. Molecular weight: 262.8

2. Boiling point (760 mm Hg): 103 C (217 F) (loses
water)

3. Specific gravity (water = 1): 2.07

4. Vapor density (air = 1 at boiling point of nickel
sulfate hexahydrate): Not applicable

5. Melting point: 53 C (127 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
40

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
¢ Reactivity

1. Conditions contributing to instability: Heat (nickel
only)

2. Incompatibilities: Contact of nickel with strong
acids may form flammable and explosive hydrogen gas.
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Contact wiath suifur mav cause evolution of heat. Con-
tact of mckel mitrate with wood and other combustibles
may cause fire.

3. Hazardous decomposition products: Toxic gases
and vapors (such as nickel carbonyl and oxides of
nitrogen) may be released in a fire involving nickel or 1n
the decompostion of nickel compounds.

4. Special precaunons: None
* Flammability

1. Flash point: Not applicable

2 Minimum ignmition temperature: Not avallable

1. Mimimum explostve concentrauon: Not available,
but nickel sponge catalyst may 1igmite spontanecusly m
ar.

4. Exungwshant: Dry powder, dry sand, dry dolo-
mite. dry graphite
* Warning properties
Grant states that “workers empioyed in nickeil plating
involving nickel sulfate, sulfuric acid, and chiorine are
said to have developed conjunctivitis and epiphora
when ventilation was poor.” Since. according to Grant,
“bath sulfuric acid mist and chlonine gas are known to
cause burning and stinging of the eyes,” and since the
ATHA Hygienic Guide states that eye contact "“does not
present any problem peculiar to nickel,” nickel metal
and soluble compounds are not treated as eye irTitants.

MONITORING AND MEASUREMENT
PROCEDURES

* General

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a singie eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes} may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

* Method

Sampling and anaivses may be performed by collection
on a celiulose membrane filter followed by treatment
with niunc and perchlonc ands, solunion 1o nitnic acd,
and analysis with an atomic absorption spectrophoto-
meter. An analytical method for nickel metal and
soluble mickel compounds is in the NIOSH Manual of
Analytical Methods. 2nd Ed., Vol. 5, 1979, available
from the Government Printing Office. Washington,
D C. 20402 {GPO No. 017-033-00349-1),

number PB 258 433).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering coantrols be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
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technically feasible, when such controls are in the
process of being installed. or when they fail and need o
be supplemented. Respirators may also be used for
operanons which require entry into tanks or closed
vessels, and 1n emergency situauons. If the use of
respirators 1s necessary, the only respirators permitted
are those that have been approved by the Mine Safery
and Health Administration (formerly Mining Enforce-
ment and Safety Admimistration) or by the Nanonaj
Institute for Occupational Safety and Health.

+ In addition to respirator selection. a complete respira-
tory protection program should be instituted which
includes reguiar traiming, maintenance, inspecuion.
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

¢+ Employees should be provided with and required o
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropnate protective clothing
necessary 10 prevent repeated or prolonged skin contact
with powdered metallic nickel or solids or ligwds
containing soluble nickel compounds.

* If employees’ clothing may have become contaminat-
ed with powdered metallic nickel or solid soluble nickel
compounds, employees should change into uncontamin-
ated clothing before leaving the work premises.

¢ Clothing contaminated with metallic nickel or solu-
ble nickel compounds should be placed in closed con-
tainers for storage until it can be discarded or uvntil
provision 18 made for the removal of metallic nickel or
soluble nickel compounds from the clothing. If the
clothing is to be laundered or otherwise cleaned to
remove the metallic nickel or soluble nickel com-
pounds, the person performing the operation should be
informed of these substances's hazardous properties.
+ Non-impervicus clothing which becomes contami-
nated with metailic nickel or soluble nickel compounds
shouid be removed promptiy and not reworn until the
metallic nickel or soluble nickel compounds are re-
moved from the clothing.

SANITATION

» Skin that becomes contaminated with metallic nicke!
or soluble nickel compounds should be promptly
washed or showered with soap or mild detergent and
water to remove any metallic nickel or soluble nickel
compounds.

+ Eaung and smoking should not be permitted in areas
where solids or liquds containing soluble nickel com-
pounds are handled, processed, or stored.

¢ Employees who handle powdered metallic nickel or
solids or liquids containing soluble nickel compounds
should wash their hands thoroughly with soap or mild
detergent and water before eating, smoking, or using
roilet faciliries.

+ Areas in which exposure to nickel metal and soluble
nicke! compounds may occur should be identified by
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sIgns Of appropriate means, and access (O these arsas
should be limited to authonzed persons.

COMMON OPERATIONS AND CONTROLS

The following list snciudes some common operations in
which exposure to nickel metal and soluble nickel
compounds may occur and control methods which may
be effective 1n each case:

Operation

Use of metai and saits
during electroplating
and eiectroless plating

Use in manufacture of
nickel-iron alloys and
nan-ferrous-rickel

Controis

General dilution
ventilation; local
exhaust ventitation;
personal protective
aquipment

Local exhaust
ventilation; general
dilution ventilation

Operation

Use during manufacture
and fabnicating ot more
than 3000 alloys; use in
electromc tube parts,
coins heavy machinery,
100ls, instrument parts,
magnets, food and
chemical processing
equipment, flatware, jet
angines, automotive
parts, zippers, nickel
anodes, surgical and
dental nstruments, and
cooking utensiis ithey
aid in corrosion- and
heat-resistance,
enhance ductibility, and
increase thermal
conductivity)

Liberation dunng
processing and refining
of ore

Use in manufacture ot
nickel-iron alloys, and
non-ferrous-nickel
atioys

Use during fabrication
of nickei-plated
materials

Use in chemical
synthesis as starting
matenal of complex
compounds; use as
catalysts in
hydrogenation of fats/
oils

Use in textile industry in
dyeing and printing; and
in ceramic industry in
coloring

Controls

General dilution
ventilation; local
exhaust ventilation;
persanal protective
equipment

Ganaeral dilution
ventilation; local
exhaust ventilation;
personal protective
equipment

Local exhaust
ventilation; general
ditution ventilation

Generat dilution
ventilation; local
exhaust ventilation;
personal protective
aquipment

General dilution
ventilation

General dilution
ventilation; local
exhaust ventilation

4 Nickel Metal and Soluble Nicket Compounds
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EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
+ Skin Exposure

If solids or liquids containing soluble nickel compounds
get on the skin, immediately flush the contaminated skin
with water. If solids of liquids containing soluble nicke!
compounds penetrate through the clothing, remove the
clothing immediately and flush the skin with water. If
irritation persists after washing, get medical attention.
Meuallic nickel should be removed from the skin by
washing with soap or mild detergent and water.

* Bresthing

If a person breathes in large amounts of metallic nickel
of soluble nickel compounds, move the exposed person
to fresh air at once. If breathing has stopped, perform
artificial respiration. Keep the affected person warm
and at rest. Get medical attention as soon as possible. If
any nickel carbonyi has been inhaled. get medical
atteation promptly.

* Swallowing

When metallic nickel or solids or liquids containing
soluble nickel compounds have been swallowed and the
person is conscious, give the person large quantities of
water immediate]ly. After the water has been swal-
lowed, try to get the person to vomit by having him
touch the back of his throat with his finger. Do not
make an unconscious person vomit. Get medical atten-
tion immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casuaity. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL AND DISPOSAL PROCEDURES

- ¢ Persons not wearing protective equipment and cloth-

ing should be restricted from areas of spiils until cleanup
has been compieted.

* [f nickel metal and soluble nickel compounds are
spilled, the following steps shoutd be taken:

. Ventilate area of spill.
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2. Collect spilled material in the most convenient and
safe manner for reclamation or for disposal in a secured
sanitary landfill. Liquid contaiming nickel should be
absorbed in vermiculite. dry sand, earth, or a similar
matenal.

* Waste disposal method:

Nicke! metal and soluble nickel compounds may be
disposed of 1n seaied containers in a secured sanitary
landfill.

REFERENCES

« American Conference of Governmenial Industnial
Hygiensts: “Nickel Ni." Documentation of the Thresh-
old Limir Values for Substances in Workroom Air (3rd
ed., 2nd prinung). Cincinnati, 1974

¢ American Industrial Hygiene Association: “Nickel
(Except the Carbonyis),” Hygienic Guide Series, De-
troit, Michigan, 1966.

= Browmng, E.: Toxicity of Industrial Metals (2nd ed.),
Butterworths, London, 1969.

*» Committee on Medical and Biologic Effects of Envi-
ronmental Pollutants, Division of Medical Sciences.
National Research Council: Nickel. National Academy
of Sciences. Washington, D.C.. 1975.

September 1978

¢ Gieason. M N Gossehin. R.E.. Hodge. H C.. anc
Smuith. R P.- Climical Toxicology of Commercial Produc:s
13rd ed ). Willlams and Whikins. Balumore. 1969

» Grant. W M . Toxicology of the Eye (2nd ed.), C. C
Thomas. Springfield. Illinois, 1974.

* Hamiton, A.. and Hardy, H.: Industrial Toxicology
{ird ed.). Publishing Sciences Group, Acton, Massa-
chusetts, 1974

* McConnell. L. H.. et al.: “Asthma Caused by Nickel
Sensitvity.” 4nnalis of Internal Medicine, 78 .888-8%

¢ Naucnal Institute for Occupational Safety and
Health, U.5. Department of Health, Educanon, and
Weifare: Criteria for a Recommended Standard . . . .
Occupational Exposure 1o Inorganic Nickel HEW Pubii-
canton No. (NIOSH) 77-164, GPO No. 017-033-00219-3.
U.S. Government Printing Office, Washington, D.C..
1977,

* Nanonal Institute for Occupational Safety and
Health. U.S. Department of Health, Education, and
Welfare: NIOSH Special Occupational Hazard Review
for Nickel Carbonyl, HEW Publication No. (NIOSH)
77-184, U.S. Government Printing Office, Washington.
D.C. 1977

+ Patty, F. A. (ed.): Toxicology, Vol. Il of /ndustrial
Hygiene and Toxicology (Ind ed. rev.), Interscience.
New York, 1963,

* von Qetiingen, W. F.: Poisoning: A Guide 1o Clinica!
Diagnosis and Treatment (2nd ed.), Saunders, Philadel-
phia. 1958.

* SPECIAL NOTE

Nickel metal and soluble nickel compounds appear on
the OSHA “Candidate List™ of chemicals being consid-
ered for further scientific review regarding their car-
cinogenicity (Federal Register. Vol. 45 No. 157, pp
$372.5379. 12 August {980).

The Internanonal Agency for Research on Cancer
{IARC) has evaluated the data on these chemicals and
has concluded that they cause cancer. See [4RC Mone-
grapns on the Evaluation of Carcinogenic Risk of Chemi-
cais o Man. Volume L1, 1976
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RESPIRATORY PROTECTION FOR NICKEL METAL AND SOLUBLE COMPOUNDS

Condition

Minimum Reapiratory Protection’
Required Above t mg/m’

Dust or Mist Concentration

5 mg/m? or less

Any dust and mist respirator.

10 mg/m? or less

Any dust and mist respirator, except single-use or quarter-mask respirator.

50 mg/m? or less

A high efficiency particulate filter respirator with a full facepiece.
Any supplied-air respirator with a full facepiece, heimet, or hood,

Any seif-contained breathing apparatus with a tull facepiece.

1000 mg/m? or less

A powered air-purifying respirator with a high efficiency particulate fiiter.

A Type C supplied-air respirator operated in pressure-demand or other positive
pressure gr continuous-flow mode.

2000 mg/m? or less

A Type C suppiied-air respirator with a full facepiece operated in pressure-
demand or other positive pressure mode or with a full facepiece, heimet, or hood
operated in continuous-flow mode,

Greater than 2000 mg/m? or
antry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes & Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting

Seif-contained breathing apparatus with a full facepiece aperated in pressure-
demand or other positive pressure mode.

*Onily NIOSH-approved or MSHA-approved equipment shouid be used.



RESPIRATORY PROTECTION FOR NICKEL METAL AND SOLUBLE COMPOUNDS

Condition Minimum Respiratory Protection*
Required Above 1 mg/my

Dust, Mist, or Fume
Concentration

10 mg/m? or less Any fume respirator or high efficiency particulate respirator.
Any supplied-air respirator.

Any self-contained breathing apparatus.

50 mg/m3 or less A high efficiency particulate filter respirator with a tull facepiece.
Any supplied-air respirator with a full facepiece, hetmet, or hood.

Any self-contained breathing apparatus with a full facepiece.

1000 mg/m? or less A powered air-purifying respirator with a high efficiency particutate filter.

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

2000 mg/m? or less A Type C supplied-air respirator with a full facepiece operated in pressure-
demand or other positive pressure mode or with a full facepiece, heimet, or hood
operated in continuous-flow mode.

Greater than 2000 mg/m? or  Self-contained breathing apparatus with a full facepiece operated in pressure-
entry and escape from demand or other positive pressure mode.
unknown concentrations

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated 1n pressure-
demand or other positive pressure mode.

*Only NIOSH-approved or MSHA-approved equipment shouid be used.



Occupational Health Guideline for
Phenol

INTRODUCTION

This guideline 1s intended as a source of information for
employees, employers, physicians, industrial hygientsts,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present ail data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

* Formula: C,H,OH

* Synonyms: Carbolic acid: monohydroxybenzene

* Appearance and odor: Colorless to pink solid or thick
liquid with a characteristic, sweet, tarry odor.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for phenol is 5 parts of
phenol per million parts of air (ppm) averaged over an
eight-hour work shifi. This may also be expressed as 19
milligrams of phenol per cubic meter of air (mg/m?).
NIOSH has recommended that the permissible expo-
sure limit be changed to 20 mg/m* averaged over a
wark shift of up to 10 hours per day, 40 hours per week,
with a ceiling of 60 mg/m? averaged over a 15-minute
period. The NIOSH Cntena Document for Phenol
should be consulted for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Phenol can affect the body if it is inhaled, comes in
contact with the eyes or skin, or is swallowed. 1t may
enter the body through the skin.

* Effects of overexposure

1. Shori-term Exposure: Phenol has a marked corrosive
effect on any tissue. When it comes in contact with the
eyes, it may cause severe damage and blindness. On
contact with the skin, it does not cause pain but causes a
whitening of the exposed area. If the chemical is not
removed promptly. it may cause a severe burn or

systemic poisoning. Systemic effects may occur from
any route of exposure, especially after skin contact
2. Long-term Exposure: Repeated or prolonged expo-
sure to phenol may cause chronic phenol poisoning.
The symptoms of chronic poisoning inciude vomiting.
difficuity n swailowing, diarrhea. lack of appetite.
headache, fainting, dizziness, dark urine, mental distur-
bances, and possibly a skin rash. Liver damage and
discoloration of the skin may occur.
J. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to phenol.
* Recommended medical surveillance
The following medical procedures shouid be made
available to each employee who is exposed to phenol at
potentially hazardous levels:
L. Initiai Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might

-place the exposed employee at increased risk, and to

establish a baseline for future health monitoring. Per-
sons with a history of convulsive disorders or abnor-
matlities of the skin, respiratory tract, liver, or kidneys
would be expected to be at increased risk from expo-
sure. Examination of the liver, kidneys, and respiratory
tract should be stressed. The skin should be examined
for evidence of chronic disorders.

—Urinalysis: Darkening of the unne has occurred 1n
persons exposed to phenol after accidental ingestion or
skin contact. A urinalysis should be performed, includ-
ing at a minimum specific gravity, albumin, glucose, and
a microscopic on centrifuged sediment. Urinary phenol
is useful if good individual background levels are availa-
ble.

—Liver function tests: Since liver damage has been
observed in humans exposed 0 phenol, a profile of liver
funcuon should be performed by using a medically
acceptable array of biochemical tests.

These recommendations reflect good industrial hygiens and madical surveiliance practices and thew implementation wil
assist In achieving an eflective occupationai heaith program. However, they may not be sufficient to achieve compliance
with all raquirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Serwce Canters for Disease Control
Natonal Insttute tor Occupational Salfety and Heaith
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2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis.

+ Summary of toxicology

Phenol in the vapor form or 1n solution Is an irritant to
the eyes, mucous membranes. and skin; systemic absorp-
tion causes central nervous system effects as well as
liver and kidney damage. Sudden collapse is character-
istic of gross overexposure. In animals, prolonged inha-
lation of the vapor at 30 to 60 ppm induced respiratory
difficulty. lung damage, and paralysis. Systemic absorp-
tign by antmals caused muscle twitching and severe
convulsions. There are no repons of human fatalities
from inhalation of the vapor, although one case of
severe poisoning has been reported. Ingestion of lethal
amounts (as little as | g) cause severe burns of the
mouth and throat, marked abdominal pain, cyanosis,
muscular weakness, collapse, coma, and death; tremors,
convuisions, or muscle twitching were occasionally
observed but were not severe. A laboratory technician
repeatedly exposed to unknown vapor concentrations
and liquid spilled on the skin developed anorexia,
weight loss, weakness, muscle aches and pain, and dark
urine; during several months of nonexposure there was
gradual improvement in his condition, but after brief
reexposure he suffered an immediate worsening of
symptoms with prompt darkening of the urine and
tender enlargement of the liver. Brief intermittent in-
dustnial exposures to vapor concentrations of 48 ppm of
phenol (accompanied by 8 ppm of formaldehyde)
caused marked irmitation of eyes, nose, and throat.
Concentrated phenol solutions are severely irmtating to
the human eye and cause conjunctival swelling; the
cormnea becomes white and hypesthetic; loss of vision
has occurred in some cases. Solutions of phencl have a
marked corrosive action on any tissue on contact; on
skin, there is local anesthesia and a white discoloration,
and the arza may subsequently become gangrenous;
severe dermatitis will result from contact with dilute
solutions, and prolonged exposure may result in och-
ronosis. In workers making phenoli-formmaldehyde pilas-
tic. the urinary level of total phenol, free plus conjugat-
ed. was proportional to the air concentration of phenol
up to 12.5 mg/m? of workroom air. Mice were treated
twice weekly for 72 weeks by application of | drop of a
109 solution of phenol in benzene to the shaved dorsal
skin; after 52 weeks of treatment there were papillomas
in 5 of 14 mice, and 1 fibrosarcoma appeared at 58
weeks.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical dsta

1. Molecular weight: 94.11

2. Boiling point (760 mm Hg): 182 C (359 F)

3. Specific gravity {(water = 1} 107 (solid); 1.08
(liquid)

4. Vapor density (air = | at boiling point of phenol):
3.24

2 Phenol

5. Melting point: 41 C{106 F)

6. Vapor pressure at 20 C (68 F): Q.36 mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
84

8. Evaporauon rate {butyl acetate = 1). Less than
0.01
* Reactivity

1. Conditions contnibuting to instability: Heat

2. Incompaubilities: Contact with strong oxidizers
(especially caleium hypochlorite) may cause fires and
explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as carbon monoxide) may be released
in a fire (nvolving phenol.

4. Special precautions: Liquid phenol will attack
some forms of plastics, rubber, and coatings. Hot liquid
phenoi will attack aluminum, magnesium, lead, and zinc
metals.
¢ Flammability

L. Flash point: 79 C (174 F) (closed cup)

2. Autoignition temperature: 715 C (13i9 F)

). Flammable limits in air, % by volume: Lower: 1.7;
Upper: 8.6

4. Extinguishant: Alcohol foam, carbon dioxide, dry
chemical
* Warning properties

1. Odor Threshold: Summer reports that the odor
threshold of phenol is 3 ppm; the Manufacturing Chem-
ists Association reports 0.3 ppm; Thienes and Haley
report 5 ppm.

2. Irritation Levels: The Documentation of TLVs
reports that intermittent expasures to 48 ppm phenol
have been observed to produce eye, nose, and throat
irritation. Formaldehyde was also present in this atmos-
phere at a concentration of 8 ppm. The Respirator
Review Committee considers the source of the eye
irritation to be the 8 ppm formaldehyde rather than the
phenol.

3. Evaluation of Warning Properties: Since the odor
threshold of phenol is at or below the permissible
exposure limit, phenol is treated as a material with good
WAMINg properties.

MONITORING AND MEASUREMENT
PROCEDURES

¢ Eight-Hour Exposure Evalustion

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several shori-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zoane (air that would most nearly
represent that inhaled by the employee).

+ Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of phenol. Each measurement
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should consist of a fifteen (15) minute sample or series of
consecutive sampies totalling fifteen (15) munutes tn the
employee’s breathing zone {air that would most nearly
represent that inhaled by the employee). A mtmimum of
three (1) measurements should be taken on one work
shift and the highest of all measurements taken 1s an
estimate of the employvee’s exposure.

¢ Method

Sampiing and analyses masy be performed by collection
of phenol 1n a bubbler containing sodium hydroude,
followed by treatment with sulfuric acid. and gas chro-
matographic anaiysis. Also. detector tubes certified by
NITOSH under 42 CFR Part 84 or other direct-reading
devices caibrated to measure phenol may be used. An
analytical method for phenol s in the NJOSH Manual of
Analyiical Methods, 2nd Ed.. Vol 6. 1980, available
from the Government Printing Office. Washingron.
D.C. 20402 (GPO No. 017-033-00369-6).

RESPIRATORS

¢ Good industrial hygiene practices recommend that
engineering controls be used to reduce environmentai
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such coatrols are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may aiso be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration} or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program shouid be instiuted which
includes regular training, maintenance, inspection.
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Empioyees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent any possibility of skin contact with
solid or liquid phenol or liquids containing phenol.
+ If employees’ clothing has had any possibitity of
being contaminated with solid or liquid phenol or
liquids containing phenol, employees should change
into uncontaminated clothing before leaving the work
premises. '

* Clothing which has had any possibility of being
contaminated with solid or liquid phenol or liquids
containing phenol should be placed in closed containers
for storage until it can be discarded or until provision is
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made for the removal of phenol from the clothing. [f the
clothing 1s to be laundered or otherwise cleaned tc
remove the phenol. the person performing the oper-
aton should be informed of phenol's hazardous proper-
ties.

*+ Where there 15 any possibility of eaposure of an
employee’s body to sohid or liquid phenol or liquids
containing phenol. facihties for quick drenching of the
body should be provided within the immediate work
area for emergency use.

+ Non-impervious clothing which becomes contam-
nated with phenol should be removed immediately and
not reworn until the phenol is removed from the
clothing.

* Employees should be provided with and required to
use dust- and splash-proof safety goggles where there 1s
any possibility of solid or liquid phenol or liquids
containing phenol contacting the eyes.

* Where there is any possibility that employees' eyes
may be exposed to solid or liquid phenal or liquids
containing phenol, an eye-wash founwin should be
provided within the immediate work area for emergen-
CYy use. -

SANITATION

¢ Skin that becomes contaminated with phenol should
be immediately washed or showered with soap or mild
detergent and water to remove any phenol.

* Any ciothing which becomes wet with liquid phenol
ot liquids containing phenol should be removed imme-
diately and not reworn until the phenol is removed from
the clothing.

+ Eating and smoking should not be permitted in areas
where solid or liqud phenol or liquids contaming
phenotl are handled, processed. or stored.

¢« Employees who handle solid or liquid phenol or
liquids containing phenol should wash their hands thor-
oughly with soap or mild detergent and water before
eating, smoking, or using toilet factlities.

COMMON OPERATIONS AND CONTROLS

The following list inciudes some common operations in
which exposure tc phenol may occur and coatrol
methods which may be effective in each case:

Operation Controls

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Application and curing
of bonding resin in
plywood manufacture;
application and curing
of molding resins in
manufacture of moided
articles, such as
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electrical apphances,
automotive parts,
toundry sand molds,
and utensii handies;
manufacture of friction
maternais, bonded
abrasives, coated

abraswves, wood particle

board, and insulation
maternials

Use in industnal
coatings in drum and
can linings, milk and
beer-processing
equipment, water tanks
and air-conditioning
equipment, decorative
laminates, and textiie
coatings

Use in synthesis of
thermosetting phenolic
resins, epoxy,
polycarbonate,
phenoxy, and
polysulfone; synthesis
of aprolactam for use in
nylon 6 fibers, plastics,
and fiims

Use in synthesis of
agnicultural chemicals
and intermediates;
synthesis of
pharmaceuticais, rubber
and piastic plasticizers,
antioxidants, curing
agents, and
intermediates

- Use in synthesis of
stabilizers and
preservatives for dyes,
pertumes, and
fungicides

Use during sofvent
refining of lubrication oil
and wax; use in
synthesis of additives
for gasoline and
lubricating fluids and
intermediates

4 Phenol

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation; personai
protective equipment

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Process enclosure:
local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation; perscnal
protective equipment

Use in synthesis of
intermediatas in
potyester production;
production of corrosion-
resistant polyester and
polyester polyols; use in
synthesis of dye
intermediates

Use in synthesis of
surtace-active agents
and detergent
intermediates; in
synthesis of explosives

Use in manufacture of
disinfectant agents and
products for industrial
and household use

Use in synthesis of
synthetic cresols and
xylenols

Process enclosure:
locail exhaust
ventiiation; personal
protective equipment

Process enciosure:;
local exhaust
ventilation; personai
protective equipment

Process enciosure:
local exhaust
ventilation; personai
protective equipment

Process enclosure:
local exhaust
ventilation; personal

protective equipment
EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If solid or liquid phenol or liquids containing phenol get
into the eyes, wash eyes immediately with large
amounts of water, lifting the lower and upper lids
occasionally. Get medical attention immediately. Con-
tact lenses should not be worn when working with this
chemical.

* Skin Exposure

If solid or liquid phenol or liquids containing phenol get
on the skin, promptly wash the contaminated skin using
soap or mild detergent and water. If solid or liquid
phenol or liquids containing phencl penetrate through
the clothing, remove the clothing immediately and
wash the skin using soap or mild detergent and water.
Get medical attention immediately.

* Breathing

If a person breathes in large amounts of phenol, move
the exposed person to fresh air at once. If breathing has
stopped, perform artificial respiration. Keep the affect-
ed person warm and at rest. Get medical attention as
soon as possible.

* Swallowing

When solid or liquid phenol or liquids containing
phenol have been swallowed and the person is con-
scious, give the person large quantities of water immedi-
ately. After the water has been swallowed, try to get the
person to vomit by having him touch the back of his
throat with his finger. Do not make an unconscious
person vomit. Get medical attention immediately.
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* Rescue

Move the affecied person from the hazardous exposure.
If the exposed person has been overcome. notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

* Persons not wearing protective equipment and cloth-
tng should be restricied from areas of spiils or leaks until
cleanup has been completed.

« If phenol is spilled or leaked, the following steps
should be taken:

1. Ventilate area of spill.

2. If in the solid form, for small quantities, sweep onto
paper or other suitable matenal, piace in an appropnate
container and burn in a safe place (such as a fume hood).
Large quantities may be reclaimed: however, if this is
not pracuical, dissolve in a flammable solvent (such as
alcohol) and atomize in a suitable combustion chamber.
3. If in the liquid form, for smail quantities, absorb on
paper towels. Evaporate in a safe place (such as a fume
hood). Allow sufficient ume for evaporating vapors to
completely clear the hood ductwork. Burn the paper in
a suitable location away from combustible materials.
Large quantities can be collected and atomized in a
suitable combustion chamber.

* Waste disposal methods:

Phenol may be disposed of:

1. If in the solid form, by making packages of phenol in
paper or other flammable matertai and burning in a
suitable combustion chamber, or by dissolving phenol
in a flammable solvent (such as alcohol} and atomizing
1n a suitable combustion chamber.

2. If in the hiquid form, by absorbing it in vermiculite.
dry sand, earth or a similar material and disposing in a
secured sanitary landfill, or by atomizing the liquid in a
suitable combustion chamber.
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RESPIRATORY PROTECTION FOR PHENOL

Condition

Minimum Respiratory Protection”
Required Above 5 ppm

Vapor or Particulate
Concentration

50 ppm of less

Any chemical cartndge respirator with an orgamic vapor cartridge(s) and dust and
rmist filter(s).

Any supplied-air respirator.

Any selt-contatined breathing apparatus.

100 ppm or less

A chemical cartridge respirator with a full facepiece, crganic vapor canridge(s),
and dust and mist filter(s).

A gas mask with a chin-style or a front- or back-mounted organic vapor canister
and dust and mist filter.

Any supplied-air respirator with a full facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full facepiece.

Greater than 100 opm** of
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary seif-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting

Seif-contained breathing apparatus with a full facepiece operated in pressuré-
demand or other positive pressure mode.

Escape

Any gas mask providing protection against organic vapors and particulates.

Any escape seif-contained breathing apparatus.

*Oniy NIOSH-approved or MSHA-approved equipment should be used.

**Use of supplied-air suits may be necessary to prevent skin contact while providing respiratory protection from
airbome concentrations of phencl; however, this equipment shouid be selected, used, and maintained under the
immediate supervision of trained personnel. Where supplied-air suits are used above a concentration of 100 ppm,
an auxiliary self-contained breathing apparatus operated in positive pressure mode should also be wom.



Occupational Health Guideline for
Phosphorus (Yellow)

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, itndustrial hygienists,
and other occupational hesith professionais who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

* Formula: P,
+ Synonyms: White phosphorus; WP; phosphorus, ele-
mental, white
¢ Appearance and odor: White 1o yellow, soft, waxy
solid which gives off acrid fumes on exposure to air.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for phosphorus (vellow) is
0.1 milligram of phosphorus (yellow) per cubic meter of
ait (mg/m?*) averaged over an eight-hour work shift.

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Phosphorus (yellow) can affect the body if it is inhaled
or if it comes in contact with the eyes or skin. It can also
affect the body if it is swallowed.

¢ Effects of overexposure

1. Short-term Exposure: The vapors of burning phos.
phorus (yellow) are irntating to the nose, throat, and
lungs. Severe breathing difficulties may occur. The
onset of these difTiculties may be delayed for several
hours. Phosphorus (yellow) on contact with the skin
may ignite and produce severe skin burns with blister-
ing. Phosphorus (yellow) is especially hazardous to the
eyes snd may produce severe damage. When phospho-
rus (yellow) is swallowed, after a delay of a few hours,
nauses, vomiting, and sbdominal pain may occur. The
vomit may smell like garlic and glow in the dark. After
24 1o 36 hours, the symptoms may go away. In a few

hours or 2 or 3 days, the nausea, vomiting, and abdomu
nal paih may reappear with diarrhea and a yellow color
to the skin. Death may occur.

2. Long-term Exposure: Repeated or prolonged expo-
sure to phosphorus (yellow) can cause “phossy jaw™
with pain and swelling of the jaw, toothaches. loosenung
of the teeth and destruction of the jawbone. Chronic
exposure to phosphorus (yellow) can aiso cause weak-
ness, anemia, loss of appetite, stomach complaints.
cough, and paleness. In addition, chronic exposure to
phosphorus (yellow) may cause bones to become brittle
and break,

3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure 10
phosphorus (yellow).

* Recommended medical surveillance

The {ollowing medical procedures should be made
availabie to each employee who is exposed to phospho-
rus (vellow) at potentially hazardous levels:

1. Initial Medical Examination:

—A, complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the eyes, respiratory tract, liver, and kidneys
should be stressed. Particular attention should be given
to the jaw and teeth. The skin should be examined for
evidence of chronic disorders.

—Dental examination: Phosphorus exposure may ag-
gravate eusting dental disorders such as canes, perio-
dontal disease, retained roots, and cysts which may
predispose to toxic necrosis of the jaw. Dental examina-
tion including x-rays should be performed.

—Liver function tests: Since liver damage has been
observed in humans exposed to phosphorus, a profile of
liver function should be obtained by using a medically
acceptable array of biochemical tests.

—Compiete blood count: Phosphorus exposure may
cause anemis. A complete blood count should be per-

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will
assist in achieving an eflective occupational health program. Howevet, they may not be sufficient to achieve compliance
with ail requirements of OSHA reguiations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Pubiic Heulth Senice Centers tor Dissase Control
National Insthude ior Occupanonal Safety and Health
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formed including red and white blood ceil count, a
differential count of a stained blood smear. as wel| as
hemogiobin and hematocrit.

. Periodic Medicai Examination: The aforementioned
medical examinations should be repeated on an semi-
annual basis.

* Summary of toxicology

Yellow phosphorus fume irritates the respiratory tract
and eyes; the soiid in contact with the skin produces
deep thermal burns; proionged absorption of phospho-
rus causes necrosis of faciai bones. Yellow phosphorus
spontaneously burms in air, and the vApOrs released are
ifntating to the respiratory tract. The carly signs of
systemic intoxication by phosphorus are abdominal
pain, jaundice, and a garlic odor of the breath; pro-
longed intake may cause anemia, cachexia, and necrosis
of bone, typically the maxilla and mandible. Complaints
of possible overexposure among phosphorus workers
may be toothache and excessive salivation: there may be
dull red appearance of the oral mucosa: one or more
teeth may loosen, followed by pain and swelling of the
Jaw; healing may be delayed following dental proce-
dures such as extractions: with necrosis of bone, seques.
tra may develop with sinus tract formation. in a series
of 10 cases. the shortest period of €xposure to phospho-
rus fume leading to bone necrosis was 10 months (2
cases) and the iongest was 18 years. Yellow phosphorus
fume causes severe eye irritation with biepharospasm,
photophobia, and lacrimation; the solid in the eye
produces severe injury. Phosphorus bumns or; the skin
are deep and painfui; a firm eschar is produced and is
surrounded by vesiculation.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data

1. Molecular weight: 123.9

2. Boiling point (760 mm Hg): 279 C (335 F)

3. Specific gravity (water = {): 1.82

4. Vapor density (air = | at boiling point of phos-
phorus (yellow)): 4.4

5. Melting point: 4 C (111 F)

6. Vapor pressure at 20 C (68 F): 0.026 mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
0.0003

8. Evaporation rate (butyl acetate = 1): Not applica-
ble .

* Reactivity

1. Conditions contributing to instability: Light causes
formation of yellow or red color.

2. Incompatibilities: Contact with air and all oxidiz.
ing agents (including elemental sulfur) will cause fires
and explosions. Contact with strong caustics will cause
formation of poisonous and flammable phosphine gas.

3. Hazardous decomposition products: Toxic gases
ard vapors (such as phosphoric acid fume) may be
released in a fire involving phosphorus (yellow).

4. Special precautions: Liquid phosphorus (yellow)
will attack some forms of plastics, rubber, and coatings.

2 Phosphorus {Yellow)

¢ Flammability

!. Flash point: ignites Spontaneously in air at or
above 30 C (86 F)

2. Autoignition temperature: 30 C (86 F)

3. Flammable limits in arr, % by volume: Not appli-
cable

4. Extinguishant:
warth, drv chemical
* Warning properties
Grant states that yellow phosphorus fumes are “irntat-
Ing to the Tespiratory tract and cause severe ocular
irritation with blepharospasm, photophobia, and lacri-
mation. Particies of white phosphorus (yellow phos-
phorus) are caustic and seriously damaging in contact
with tissues.”
No quantitative information is available concerning the
concentrations that produce eye irritation, however.

MONITORING AND MEASUREMENT
PROCEDURES

* General

Measurements (o determine employee exposure are best
taken 30 that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used t0 determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

* Method

An analytical method for phosphorus (yellow) is in the
NIOSH Manuai of Analytical Methods, Ind Ed. Voi. 4,
1978, available from the Government Printing Office;
Washington, D.C. 20402 (GPO No. 017-033-00317-3).

RESPIRATORS

¢ Good industrial hygiene practices recommend that
engineering controls be used to reduce environmentai
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control ¢xposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be suppiemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health,

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaiuation,

Water, carbon dioxide, sand,
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PERSONAL PROTECTIVE EQUIPMENT

+ Employees should be provided with and required to
use flame-retardant clothing, gioves, face shields (eight-
inch mimimum), and other appropnate protective cloth-
ing necessary to prevent any possibility of skin contact
with solid or liquid phosphorus (yeliow).

+ Clothing contaminated with phosphorus (yellow)
should be placed underwater in closed contajners for
storage until 1t can be discarded or until provision is
made for the removal of phosphorus (yellow) from the
clothing. If the clothing is to be laundered or otherwise
cleaned to remove the phosphorus (yellow), the person
performing the operation should be informed of phos-
phorus (yellow)'s hazardous properties.

¢+ Where there is any possibility of exposure of an
employee’s body to solid or liquid phosphorus (yellow),
facilities for quick drenching of the body should be
provided within the immediate work area for emergen-
Cy use.

+ Any clothing which becomes contaminated with
phosphorus (yeilow) should be removed immediately
and not reworn until the phosphorus {(vellow) is re-
moved from the clothing.

* Employees should be provided with and required to
use dust- and splash-proof safety goggies where there is
any possibility of solid or liquid phosphorus (yellow)
contacting the eyes.

* Where there is any possibility that employees' eyes
may be exposed 10 solid or liquid phosphorus (yellow),
an eye.wash fountain should be provided within the
immediate work area for emergency use.

SANITATION

» Skin that becomes contaminated with phosphorus
{yellow) should be immediately washed ar showered
with soap or mild detergent and water to remove any
phosphorus (yellow).

* Workers subject to skin contact with solid or liquid
phosphorus (yellow) should wash with soap or mild
detergent and water any areas of the body which may
have contacted phosphorus (yellow) at the end of each
work day.

* Eating and smoking should not be permitted in sreas
where solid or liquid phosphorus (yellow) are handled,
processed, or stored.

* Employees who handle solid or liquid phosphorus
(yellow) should wash their hands thoroughly with soap
or mild detergent and water before eating, smoking, or
using toilet facilities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure 1o phosphorus (yellow) may occur and
control methods which may be effective in each case:
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Operation

Use in synthaesis of high
purity phosphoric acid
salts for use as
fertilizers, water
treatrnent chemicals,
food products,
beverages, and
dentrifices; use in
synthesis of inorganic
phosphorus compounds
for use as pesticides,
flame retardants for
plastics and fibers, and
gasoline and lube oil
additives; use in
synthesis of inorganic
and organic compounds

Use in manutacture of
phosphorus alloys for
introduction into low
carbon steel, copper
alloys, copper pipe, and
bronze

Use in manufacture of
explosives, munitions,
and pyrotechnics for
miiitary use

Use as a catalyst in
synthesis of acrylonitrile
and organic bromine
compounds

Use duning conversion
of yellow phosphorus to
red phosphorus for
manufacture of wood
and papaer safety
matches

Use as an ingredient of
rat poison and roach
powders

Controls

Process enclosure;
local axhaust
ventilation; general
dilution ventilation

Process enclosure;
focal exhaust
ventilation; general
dilution ventilation

Local exhaust
ventilation; general
diiution vantilation,
personal protective
equipment

Local exhaust
ventilation; general
dilution ventilation;
personal protective
aquipment

Process enclosure;
local exhaust

ventilgtion; general
dilution ventilation

Material substitution

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
¢ Eye Exposure

If phosphorus (yellow) gets into the eyes, wash eyes
immediately with large amounts of water, lifting the
lower and upper lids occasionally. Get medical atten-
tion immediately. Contact leases should not be worn
when working with this chemical.
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* Skin Exposure

If phosphorus (yellow) gets on the skin, immediately
flush the contaminated skin with water. If phasphorus
{yellow) penetrates through the clothing, remove the
clothing immediately and flush the skin with water. Get
medical attention immediately. The skin should be kept
wet until medical attention 1§ obtained to prevent any
remaimng phosphorus (yellow) from burning.

* Breathing

If a person breathes in large amounts of phosphorus
(yellow). move the exposed person to fresh air at once.
If breathing has stopped, perform artificial respiration.
Keep the affected person warm and a4 rest. Get medical
attentton as soon as passible.

* Swallowing

When phosphorus (yellow) has been swallowed and the
person is conscious, give the person large quantities of
water immediately. After the water has been swal-
lowed, try to get the person to vomit by having him
touch the back of his throat with his finger. Do not
make an unconscious person vomit. Get medical atten-
tion immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL AND DISPOSAL PROCEDURES

s Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills until cleanup
has been completed.

» If phosphorus (yellow) 1s spilled. the following step
should be taken:

i. Immediately douse the spill with water and cover
with wet sand or dirt.

* Waste disposal method:

Phosphorus (yellow), after solidification and covering
with wet sand or dirt. may be disposed of in a secured
sanitary landfill.

REFERENCES

* American Confereace of Governmental Industrial
Hygienists: “Phosphorus (Yellow).,” Documentation of
the Threshold Limit Values for Substances in Workroom
Air (3rd ed., 2nd pnnting), Cincinnati, 1974,

e American Nationa! Standard Acceptable Concentra-
tions - Phosphorus (Yellow): American National Stand-
ards Institute, Inc., New York.

+ Baskin, A. D. (ed.). Handling Guide for Potentially
Hazardous Commaodities, Railway Systems and Manage-
ment Association, Chicago, 1972.

4 Phosphorus (Yellow)

* Fleming, A J. (ed.). et al: Modern Occupational
Medicine (2d ed. rev.), Lea Febiger, Philadeiphia, 1960.
¢ Gleason. M. N, Gosselin, R. E., Hodge, H. C.. and
Smith, R. P.: Clitical Toxicology of Commercial Products
(3rg ed.), Wiliiams and Wilkins, Baltimore, 1969.

1969.

* Grant, W. M.: Toxicology of the Epe (2nd ed.), C. C.
Thomas. Springfield, Hinois, 1974,

¢ Hughes, J. P. W, et al.: “Phosphorus Necrosis of the
Jaw: A Present-Day Study,” Bnitish Journa! of Indusin-
al Medicine, 19:83-99, 1962,

* Hunter, D.: Diseases of Occupations (4th ed.), Little,
Brown, Boston, 1969.

* Hygienic Information Guide No. 62 - Phasphorus
{Yellow), Commonwealth of Pennsylvania, Department
of Environmental Resources, Bureau of Occupational
Health, 1969.

* International Labour Office: Encyclopedia of Occupa-
tional Heaith and Safery, McGraw-Hill, New York,
1971.

* Johnstone, R. T, and Miller, S. E.: Occupational
Disease and Industnial Medicine, Saunders, Philadelphia,
1960.

* Manufacturing Chemists Association, Inc.: Chemical
Safety Data Sheet SD-16, Phosphorus (Elemental), Wash-
ington, D.C., 1947.

* Patty, F. A. (ed.): Toxicology, Vol. 11 of Industrial
Hygiene ond Toxicology (2nd ed. rev.), Interscience,
New York, 1963.

¢ Plunkett, E. R.: Handbook of Industrial Toxicology,
Chemical Publishing Company, Inc., New York, 1966.
* Rubitsky, H. J.,, and Myerson, R. M.: “Acute Phos-
phorus Poisoning,” Archives of Internal Medicine,
83:164-173, 1949,

+ Spector, W. S. (Vols. I, II), Negherbon, W. O. (Vol.
III), Grebe, R. M. (Vol. IV}, and Dittmer, D. S. (Vol.
VY (eds.): Handbook of Toxicology, Saunders, Philadel-
phia. 1956-1959.

* Summeriin, W. T, et al.: “"White Phosphorus Burns
and Massive Hemolysis,” Journal of Trauma, 7:476-484,
1967,

September 1978



RESPIRATORY PROTECTION FOR PHOSPHORUS (YELLOW)

Condition

Minimum Respiratory Protection®
Required Above 0.1 mg/m?

Particulate Concentration

5 mg/m? or less

A hugh efficiency particulate filter respirator with a full facepece.
Any supplied-air respirator with a tuil facepiece, heimet, or hoodg.

Any self-contained breathing apparatus with a full facepiece.

200 mg/m? or less

A Type C supplied-air respirator with a full tacepiece operated in pressure-
demand or other positive pressure mode or with a tull facepiece, helmet, ar hood
operated in continuous-flow mode.

Greater than 200 mg/m? or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a fuil facepiece operated in pressure-
demand or other posilive pressure mode.

A combination respirator which inciudes a Type C supplied-air respirator witn a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiiiary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting

Seit-contained breathing apparatus with a full facepiece operated in pressure-
demand or Jther positive pressure mode.

*Only NIOSH-approved or MSHA-approved equipment should be used.

n



Occupational Health Guideline for
Selenium and Its Inorganic Compounds (as Selenium)*

INTRODUCTION

This guideline is intended as a source of information for
employees. employers, physicians, industnal hygienists,
and other occupanonal heaith professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

APPLICABILITY

The general guidelines conuined in this document
apply to all selenium and its inorganic compounds.
Physical and chemical properties of several specific
compounds are provided for illustrative purposes.

SUBSTANCE IDENTIFICATION

Selenium

e Formula: Se

* Synonyms: Selenivm, metallic; selenium, elementai
= Appearance and odor: Black, gray, or red odorless
solid.

Sodium seienite

¢ Formula: Na,Se0,
* Synonyms: None
* Appearance and odor: Colorless and odorless solid.

Sodium selenate

* Formuia: Na,SeO,
* Synonyms: None
¢ Appearance and odor: Colorless and odorless solid.

Selenium dioxide

* Formula: Se0,
¢ Synonyms: None
s Appearance and odor: Colorless and odorless solid.

Selenium oxychloride

* Formula: SeQCl,
* Synonyms: None
* Appearance: Colorless to yeilow liquid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for selenium and its inor-
ganic compounds is 0.2 milligram of selenjum and s
inorganic compounds (as selenium) per cubic meter of
air {mg/m?) averaged over an eight-hour work shift.

HEALTH HAZARD INFORMATION

* Routes of exposure

Selenium, sodium selenite, sodium selenate, or selenium
dioxide can affect the body if they are inhaled, if they
come in contact with the eyes or skin, or if they are
swallowed. Selenium oxychjoride and selenium dioxide
may enter the body through the skin.

» Effects of overexposure

1. Shori-term Exposure: Inhalation of large quantities of
selenium dioxide or selenium oxychloride may cause
severe breathing difficulnes which may not appear for
several hours after exposure. Skin contact with seleni-
um dioxide or selenium oxychionde may cause skin
burms. Skin exposure to selenium dioxide dust mayv
cause a skin rash. Splashes of selenium dioxide may
cause #ye irmtation. Selemum dioxide dust may cause
“rose eye,” an allergy of the eyelids in which they may
become puify.

2. Long-term Exposure: Prolonged exposure to seleni-
um, sodium selenite, sodium selenate, or selenium diox-
ide may cause paleness, coated tongue, stomach disor-
ders, nervousness, metallic taste and a garlic odor of the
breath. Fluid in the abdominal cavity, damage to the
liver and spieen, and anemia have been reported in
animals. Prolonged skin contact with selenium oxide or
selenium oxychloride may cause skin sensitization.

Thesi recommendations reflect good industrig! hygiene and medical surveillance practices and their implementation wili
assist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliance
with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Camers tor Dissass Control
Natonal instiiae for Occupatona! Safety and Health
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J. Reporting Signs and Symptoms: A physician should be
contacted 1If anyone develops any signs or symptoms
and suspects that they are caused by exposure o
selenium and 1ts inorganic compounds.

*» Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to selemum
and 1ts mnorganic compounds at potentially hazardous
levels

l. Ininial Medical Examination:

— A complete history and physical examunauen: The
purpose 15 (o detect pre-existing conditions that might
place the exposed empioyee at increased risk. and to
establish a baseline for future health monitonng. Per-
sons with a history of asthma, allergies, or known
sensifization to selenium, or with a history of other
chronmic respiratory disease, gastrointestinal distur-
bances. disorders of liver or kidneys, or recurrent
dermatiis would be expecied to be at increased nisk
from exposure. Examination of the eyes, respiratory
systern. liver, kidneys, and blood should be stressed.
The skin should be examined for evidence of chronic
disorders. Special consideration should be given to
women of childbearing age since the possibility that
selenium may be teratogenic might place these women
in a high nsk group,

—Uninalysis: Proper funcuon of the kidneys is neces-
sary to validate levels of selenium in the unine. A
urinalysis should be obtained to include at a minimum
specific gravity, albumin, glucose, and a microscopic on
centrifuged sediment.

—Liver function tests: Selenium causes liver damage
and tumors in animals. A profile of liver function should
be obtained by using 2 medically acceptable array of
biochemical tests.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annuai
basis.

* Summary of toxicology

Elemental seienium and certain selenium compounds as
dusts, vapors, and fumes irntate the eyes, upper respira-
tory tract, and skin. Animals exposed to selenium
anhydnde at a concentration of 150 mg/m? for 4 hours
developed conjunctivitis, puimonary edema, and con-
vulsions preceding death; there were degenerative
changes in the liver, kidneys, spleen, and heart. Pro-
longed feeding of animals with diets containing seleni-
um in amounts of 5 to 15 ppm caused hepatic necrosis,
hemorrhage, and cirrhosis; marked and progressive
anemia occurred in some species. The possibility of
teratogenic effects from exposure to selenium has been
raised, based upon observations in animals, but it has not
been established in man. Eleven of $3 rats developed
adenoma or low-grade carcinoma in cirrhotic livers,
and four others had advanced adenomatoid hyperplasia,
after having survived for 18 to 24 months on diets
contaimng 5, 7, or 10 ppm of selenium; no tumors
occurred in 73 rats surviving less than '8 months,
although after 3 months cirrhosis was frequent. In
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control rats 18 1o 24 months of age. the incidence of
spontanecus hepatic tumors was less than 1%. A group
of workers briefly exposed to high concentrations of
selentum fume developed severe irntanon of the eyes.
nose. and throat. followed by headaches: transient
dyvspnea occurred in one case. In workers exposed to an
undetermined concentration of selenium oxide there
was bronchospasm and dyspnea, followed within 12
hours by chills, fever. headache, and bronchitis, leading
to pneumonitis 1n a few cases: all were asymptomatic
within a week. In a study of workers in a selenium plant.
workroom air levels ranged from 0.2 to 3.6 mg/m?
while urinary levels ranged from below .10 to 0.43
mg/1: the chief complaints were gariic odor of the
breath. metallic taste, gastrointestinal disturbances. and
skin eruptions. An accidental spray of setenium dionide,
in unspecified form and concentration, into the eyes of a
chemist caused superficial burns of the skin and immedi-
ate rritation of the eyes; within 16 hours vision was
blurred, and the lower portions of both corneas ap-
peared dulled. 16 days after the accident the cormeas
were normal. Acute burns of the skin can be caused by
selenium oxychloride and selenium oxide, which are
highly vesicant. Contact with the fume of heated selen:-
um dioxide caused an acute, weeping dermatitis, with
the development of hypersensitivity in some cases.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data——Selenium

1. Molecular weight: 78.96

2. Boiling point (760 mm Hg): 685 C (1265 F)

1. Specific gravity (water = 1): 4.45104.8 .

4. Vapor density (air = 1 at boiling point of seleni-
um): Not applicable

5. Melting point: 150 C (302 F)

6. Vapor pressure at 20 C (68 F): Less than 0001 mm
Hg

7. Solubility in water, g/100 g water at 20 C (68 F)
Insoiuble

8. Evaporation rate (butyl acetate = 1): Not applica-
bie
+ Physical data—Sodium selenite

1. Molecuiar weight: 173

1. Boiling point (760 mm Hg): Decomposes

3. Specific gravity (water = 1): 3.1

4. Vapor density (air = 1 at boiling point of sodium
selenite): Not applicable

5. Melting point: 710 C (1310 F) (decomposes)

6. Vapor pressure at 20 C (68 F): Less than 0.00] mg
Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
85

. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Physical data—Sodium selenate

1. Molecuiar weight: 188.9

2. Bailing point (760 mm Hg): Decomposes

3. Specific gravity (water = {): 3.1

September 1978



4. Vapor density (air = 1 at boiling point of sodium
selenate): Not applicable

5. Melting point: Decomposes

6. Vapor pressure at 20 C (68 F): Less than 0.001 mm
Hg

7. Soilubility 1n water, g/200 g water at 20 C (68 F):
83

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
» Physical data—Selenium dioxide

1. Molecular weight: 1109

2. Bailing point (760 mm Hg): 315 C (599 F) (sub-
limes)

3. Specific gravity (water = 1): 3.9%

4. Vapor density (air = | at boiling point of selenium
dioxide): Not applicable

5. Melting point: 340 C (644 F)

6. Vapor pressure at 20 C (68 F): 0.00] mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
257

8. Evaporation rate (butyl acetate = 1); Not applica-
ble
¢ Physical data—Selenium oxychloride

1. Molecular weight: 165.9

2. Boiling point (760 mm Hg): 176 C (349 F)

3. Specific gravity (water = 1) 2.42

4. Vapor density (air = | at boiling point of selenium
oxychloride). 5.7

5, Melting point: 10.8 C(51 F)

6. Vapor pressure at 20 C (63 F): 0.35 mm approxi-
mately

7. Solubility in water, g/100 g water at 20 C (68 F):
Decomposes

8. Evaporation rate (butyl acetate = |): Not applica-
ble
¢ Resctivity

1. Conditions contributing to instability: None haz.
ardous

2. Incompatibilities: Contact of seienium with acids
may cause formation of poisonous hydrogen selenide
gas. Contact of selenium with strong oxidizing agents
may cause fires and expiosions.

1. Hazardous decomposition products: Toxic gases
and vapors may be released in a fire involving selenium,
sodium seienite, sodium selenate, selenium dioxide, and
selenium oxychloride.

4. Special precautions: None
¢ Flammability

1. Flash point: Not applicable

2. Autoignition temperature: Selenium: Data not
available; sodium selenite, sodium selenate, selenium
dioxide, and selenium oxychloride: Not applicable

3. Flammable limits in air, % by volume: Not appli-
cabie

4. Extinguishant: For selenium, water
* Warning properties
The Documeniation of TL Vs notes that “*Clinton report-
ed intense irritation of eyes, nose, and throat, followed
by headache, in 2 group of workers briefly exposed to
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high concentrations of seiemum fume.” The [LO re.
ports that “persons who work in atmospheres contan-
ing selenium dioxide dust may develop a condition
known among the workers as ‘rose eye,” a pink allergy
of the eyelids. which often become pufly. There 1s
usually also a conjunctivius of the paipebral conjuncti-
va but rarely of the bulbar conjunctiva.” The Hygienic
Information Guide for selenium states that "'in contact
with the eye, seienium compounds exert a rapid irriant
action leading to inflammaton.” Grant reports that
both selenium dioxide and selenium sulfide can produce
toxic effects on the eye. Quanutative imnformauon con-
cerming arr concentrations of selenium compounds
which cause eye irritation is not availabie.

MONITORING AND MEASUREMENT
PROCEDURES

* General

Measurements to determine employee exposure are best
taken 5o that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determune the average
exposure level. Air samples should be taken 1n the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee).

* Method

Sampling and analyses may be performed by collecnion
of selentum and its inorganic compounds on a fiiter,
followed by treatment with acid and atomic absorpuon
spectrophotometric analysis. An analytical method for
selenuum and its inorganic compounds is in the NJOSH
Manual of Analytical Methods, 2nd Ed.. Vol. 3, 1977,
available from the Government Prinung Office. Wash-
tngton. D.C. 20402 (GPO No. 017-033-00261-4).

RESPIRATORS

* Good indusinal hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissibie exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being instalied, or when they fail and need 10
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program shouid be instituted which
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includes regular (raining, mantenance, nspection,
cleaming, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

« Empioyees should be provided with and required to
use impervious clothing, gloves. face shields (eight-inch
muimimum), and other appropriate protective clothing
necessary (o prevent any possibiity of skin contact with
selenium oxychloride or liguids containing selenium
oxvchlonde.

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
mmnimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with selenium, sodium selenite, sodium selenate, or
liquids containing these compounds.

* Employees should be provided with and required to
use impervious clothing, gloves, face shields {eight-inch
minimum), and other appropnate protective clothing
necessary to prevent skin contact with selemum dioxide
or liquids containing selenium dioxide, where skin con-
tact may OCCur.

+ If employees' clothing has had any possibility of
being contamtnated with selenium oxychiloride, sodium
selenite,sodiurn selenate. selenium dioxide, or liquids
containing these compounds, employees shouid change
into uncontarminated clothing before leaving the work
premises.

» Clothing which has had any possibility of being
contaminated with selenium oxychlornide, sodivm selen-
ite, sodium selenate, or selenium dioxide should be
placed in closed containers for storage until it can be
discarded or until provision is made for the removal of
contaminant from the clothing. If the clothing is 10 be
laundered or otherwise cieaned to remove the contami-
nant, the person performing the operation shouid be
informed of contaminant's hazardous properties.

* Where there is anyv possibidny of exposure of an
employee’s body 1o selenium. selemum oxychlonde.
sodium seiemite, sodium selenate. selenium dioxide. or
liquids containing these compounds. facilities for quick
drenching of the body should be provided within the
immediate work area for emergency use.

» Non-impervious clothing which becomes contami-
nated with selenium, sodium selenite, sodium selenate,
selenium dioxide or liquids containing these compounds
should be removed promptly and not reworn until the
contaminant is removed from the clothing.

» Non-impervious clothing which becomes contami-
nated with selenium oxychloride should be removed
immedistely and not reworn until the selenium oxych-
loride is removed from the clothing.

* Employees should be provided with and required to
use dust- and splash-proof safety goggles where there is
any possibility of selenium dioxide, selenium oxychlor-
ide, or liquids containing these compounds contacting
the eyes.
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* Empioyees should be provided with and required to
use dusi- and splash-proof safety goggles where sodium
selenite, sodwum selenate, or lhiquids contaiming these
compounds may contact the eyes.

* Where there 15 any possibility that employees’ eyes
may be exposed to selenium oxychlonde, selenium
dioxide. or liquids containing these compounds, an eye-
wash fountain should be provided within the immediate
work area for emergency use.

SANITATION

* Workers sublect 1o skin contact with selemum oxych-
lonide. sodium selenite, sodium seienate, selenjum diox-
ide. or liquids containing these compounds should wash
any areas of the body which may have contacted
selenium oxychloride, sodium selenite, sodium selenate.
selenium dioxide, or liquids containing these com-
pounds at the end of each work day.

+ Skin that becomes contamtnated with selenrum.
sodium selenite, sodtum selenate, selenium dioxide, or
hiquids containing these substances should be promptly
washed or showered to remove any contaminant.

¢ Skin that becomes contarminated with selenium ox-
ychlonde should be immediately washed or showered
1o remove any selenium oxychionde.

* Eating and smoking should not be permitted in areas
where selenium oxychlonde, sodium selenite, sodium
selenate, selenium dioxide, or liquids contatning these
compounds are handled, processed, or stored.

¢ Employees who handle selenmum oxychloride.
sodium selentte, sodium selenate, selenium dioxide, or
hiquids containing these compounds should wash their
hands thoroughly before eating, smoking, or using toilet
facilities. '

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure 1o seienium and its inorganic com-
pounds may occur and control methods which may be
effective in cach case:

Operation Controls
Liberation during mining Local exhaust
recovery, and vantitation; ganeral
purification and dilution ventiiation;
manutacturs of personal protective
sslenium compounds equipment
September 1978



Operation

Use in glassware
mdustry for
decolonzation of
fiberglass, scientific
glassware. vehicular tail
irghts, traffic and other
signal tenses, and
infrared equipment; use
in manufacture of
electncal components
in welding,
transtormers,
semiconductors,
photloeiecinc cells, etc.

Use in manufacture of
photography and
photocopy devices,
manufacture of dyes,
pigments, and colored
glazes for metal etching
and for pnnting on glass

Use in manufacture of
iubncating oils and
extrame pressure
lubncants as
antioxidants and
detergency improvers

Use in rubber ingustry
for manufacture and
use as vulcanization
accelerators and
antioxidants; usa in
manutacture of
pharmaceuticais,
tungicides, and
dermatitis control

Use as a catalyst for
hardening fats for
soaps, waxes, edible
fats, and plastics

Use in manufacture of
insecticides,
parasiticides,
bactericides, and
herbicides for
agnicuitural and citrus
crops

Use in manufacture of
flame-proofing agents
on textiles and electric
cables
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Controls

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Local exhaust
ventilation; genera!
dilution vantilation;
personal protective
aquipment

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Local exhaust
ventilation; general
dilution ventilation;
personai protective
equipment

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Operation

Use in manufacture of
delayed action blasting
caps

Use as solvents in paint
and varmsh removers;
rubber, resin, and glue
solvent; use for organic
synthesis \n oxidation,
hydrogenation, and
dehyrogenation

Use in refiming of
copper, silver, gold, or
nickel ores or during
recycling of scrap metal

Use in miscellaneous
operations in
manufacture of insect
repeilants, activators,
hardeners, special
ceramic matenals,
plasticizers, and

mercury vapor
detectors

Use for preparation of
leed additives for
pouitry and swine

Coantrols

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Local exhaust
ventilation; general
ditution ventilation;
personal protective
equipment

Local exhaust
ventilation; generat
dilution ventilation;
personal protective
equipment

lLocal exhaust
ventitation; general
dilution ventilation;
personal protective
equipment

Local exhaust
ventilation; general
ditution ventilation;
personal protective
equipment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, insttute first aid proce-
dures and send for first aid or medical assistance.
¢ Eye Exposure

If selenium or its inorganic compounds get into the
eyes, wash eyes immediately with large amounts of
water, lifting the lower and upper lids occasionally. Get
medical attention immediately. Contact lenses shouid
not be worn when working with these chemicals.
« Skin Exposure

If selenium or its inorganic compounds get on the skin.
immediately wash the contaminated skin. [f selenium,
sodium selenite, sodium selenate. or selenium dioxide
soak through the ciothing, remove the clothing immedi-
ately and wash the skin. If imitation persists after
washing, get medical attention.

¢ Breathing

If a person breathes in large amounts of selenium
sodium selenite, sodium selenate, or selenium dioxide,
move the exposed person to fresh ar at once. If
breathing has stopped, perform artificial respiration.
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Keep the affected person warm and at rest, Get medical
attention as soon as possible.

* Swallowing

When selenium, sodium selemte, sodium selenate, sele-
nium oxychionde, or selenium dioxide have been swal.
lowed and the person 1s conscious, give the person large
quantities of water immediately. After the water has
been swallowed, try to get the person to vomit by
having him touch the back of his throat with his finger.
Do not make an unconscious person vomit. Get medical
attention immediately.

¢ Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casuaity. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL AND DISPOSAL PROCEDURES

» Persons not wearing protective equipment and cloth-
ing should be resincied from areas of spills until cleanup
has been completed.

¢ If selenium or its inorganic compounds are spilled,
the following steps should be taken:

1. Ventilate area of spill.

2. Collect spilled matenal in the most convenient and
safe manner and deposit in sealed containers for recla-
mation or for disposal in a secured sanitary landfill.
Liquid containing selenium and its inorganic com-
pounds should be absorbed in vermiculite, dry sand,
earth, or a similar matenal,

* Waste disposal method:

Selenium and its inorganic compounds may be disposed
of in sealed containers in a secured sanitary landfill.
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RESPIRATORY PROTECTION FOR SELENIUM AND ITS INORGANIC COMPOUNDS (AS

SELENIUM)

Condition

Minimum Respiratory Protection*
Required Above 0.2 mg/m’

Particulate Concentration

10 mg/m?3 or less

A high efficiency paricuiate filter respirator with a full facepiece.
Any supplied-air respirator with a full facepiece. helmet. or hood.

Any self-contained breathung apparatus with a full facepiece.

100 mg/m? or less

A Type C supplied-air respirator with a full facepiece operated in pressure-
demand or other positive pressure mode or with a full facepiece, helmet, or hood
operated in ¢continuous-flow mode.

A powered air-purifying respirator with a high efficiency particulate filter and a full
facepiece, heimet, or hood.

Greater than 100 mg/m? or
entry and escape from
unknown concentrations

Seff-contained breathing apparatus with a fult facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which inciudes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained treathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Seli-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.
Escape A high efficiency particulate filter respirator with a full facepiece.

Any escape self-contained breathing apparatus with a full tacepiece.

*Only NIOSH-approved or MSHA-approved equipment should be used.



Occupational Health Guideline for
Silver Metal and Soluble Silver Compounds

INTRODUCTION

This guideline 1s intended as a source of information for
employees. employers, physicians, industrial hygienists.
and other occupational health professionals who may
have a need for such information. [t does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to metaihc silver and all soluble silver com-
pounds. Physical and chemical properties of several
specific compounds are provided for illustrative pur-

poses.
SUBSTANCE IDENTIFICATION

Sliver, metallic

s Formula: Ag

* Synonyms: None

* Appearance and odor: Characteristic white metallic
solid with no odor.

Silver nitrate

* Formula: AgNO,

* Synonyms: Argerol; lunar caustic

* Appearance and odor: Colorless and odorless solid
which may become gray on storage.

Silver fluoride

* Formula: AgF
* Synonyms: None
¢ Appearance and odor: Yellow-white, odoriess solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for sitver metal and soiu-
ble silver gompounds 1s 0.0 mulligram of siser metal
and solubie silver compounds per cubic meter of air
{mg/m?) averaged over an eight-hour work shift. The
Amencan Conference of Governmental industnal H»-
giensts has issued a Notice of Intended Changes of s
recommended Threshold Limit Value for siver metal
and soluble sitver compounds from 0.01 mg/m’ to 0!
meg/m?.

HEALTH HAZARD INFORMATION

* Routes of exposure

Silver or soluble silver compounds can affect the body
if they are inhaled or if they come in contact with the
eyes or skin. They can also affect the body if they are
swallowed.

¢ Effects of overexposure

Silver or soluble silver compounds can cause discolor-
ation or blue-gray darkening of the eyes, nose. throat.
and skin. Silver nitrate is strongly corrosive and can
cause burns and permanent damage 10 the eyes and can
burn the skin.

* Reporting signs and symptoms

A physician should be contacted if anyone deveiops any
signs or symptoms and suspects that they are caused by
exposure to silver meta) or soluble silver compounds.
¢ Recommended medical surveillance

The following medical procedures should be made
available to each employee who 15 exposed to sifver
metal and soluble siiver compounds at potentially haz-
ardous levels:

1. Initia{ Medical Examination:

—Examination of the nasal septum, eyes, and skin for
evidence of pigmentation: The purpose is to establish a
baseline for future observanons of silver deposition 1n
tissues.

2. Periodic Medical Examination: The aforementioned

These recommgndab’ons roﬂoct good industrial hygiens and medical surveillance practices and their impiementaton will
assist in achieving an eflective occupational health program. However, they may not be sufficient to achieve compliance
with all requirements of OSHA reguiatons.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Heaith Servics  Centers for Dissase Control
National Insttute for Occupational Safety and Health
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medical examiations should be repeated on an annual
basis.

* Summary of toxicolegy

The dust of silver and its soluble compounds cause
argyna. the local or generalized impregnation of the
mucous membranes, skin, and eyes with silver. Local-
1zed argyna oceurs in the skin, eyes, nasal septum and
throat, where gray-blue patches of pigmentation are
formed without evidence of tissue reaction. Generalized
argyna is recognized by the widespread pigmentation
of the skin and may be seen first in the conjunctiva, with
some localizauon 1n the inner canthus. Argyrosis of the
respiratory tract has been descnbed in two workers
involved in the manufacture of silver nitrate; Jheir only
symptom was miid, chronic bronchitis; bronchoscopy
revealed tracheobronchial pigmentation; biopsy of the
nasal mucous membrane showed silver deposition in the
subepithelial area. A total body burden from 1 to 5 g of
silver will lead to generalized argyna. Silver, once
deposited tn the body, is poorly excreted in the urine in
amounts detectable by spectrochemical methods. Silver
nitrate (lunar caustic) may cause irritation, ulcers, and
discoloration of skin; if ingested, it may cause abdomi-
nal pain and gastroenteritis.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data—Silver, metallic

1. Molecular weight: 107.9

2. Boiling point (760 mm Hg): 2200 C (3992 F)

3. Specific gravity (water = 1): 10.4

4. Vapor density (air = 1 at boiling point of metallic
silver): Not applicable

5. Melung point: 966 C(1771 F)

6. Vapor pressure at 20 C (68 F): Negligible

7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate {butyl acetate = 1): Not applica-
bie
¢ Physical data—Silver nitrate

1. Maolecular weight: 169.9

2. Boiling point (760 mm Hg): 444 C (811 F) (decom-
poses)

3. Specific gravity (water = 1): 4.4

4. Vapor density (air = 1 at boiling point of silver
nitrate): Not applicable

5. Melting point: 209 C (408 F)

6. Vapor pressure at 20 C (68 F): Negligible

7. Solubility in water, g/100 g water at 20 C (68 F):
245

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
» Physical data—Silver fluoride

1. Molecular weight: 1269

2. Boiling point (760 mm Hg): 1159 C (2119 F)
(approximately)

3. Specific gravity (water = 1): 5.8

4. Vapor density (air = ! at boiling point of silver
fluoride): Not applicable

2 Sliver Metal and Soluble Siiver Compounds
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. Melung pownt: 435 C (815 F)
Vapor pressure at 20 C (68 F): Negiigible
- Solubility 1n water, g/100 g water at 20 C (68 F).

o
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8. Evaporation rate (buty! acetate = 1}: Not applica-
ble
* Reactivity

1. Conditions contnbuting to instability: Heat

2. Incompatibilies: Contact of metallic silver and
soluble silver compounds with acetylene may cause
formanon of silver acetylide that is sensiuve to shock.
Contact with ammonia may cause formation of com-
pounds that are explosive when dry. Contact with
strong hydrogen peroxide solutions will cause violent
decomposition to oxygen gas.

3. Hazardous decomposition products: Toxic gases
and vapors (such as oxides of nitrogen) may be released
when some soluble silver compounds decompose.

4. Special precautions: Soluble silver compounds
will attack some forms of plastics, rubber, and coatings.
s Flammability

1. Most soluble silver compounds are not combusti-
ble. However, siiver nitrate is a strong oxidizing maten-
al capable of increasing the flammability of combusti-
ble, organic, or other readily oxidizable materials. The
following soluble silver compounds are explosives and
should be stored and handled in accordance with 29
CFR 1910.109: silver acetylide, silver azide, silver ful-
minate, silver oxalate mixtures, silver styphnate, siiver
tariarate mixtures, and silver tetrazene.
* Warning properties
According to Stecher “many silver saits are irritating . .
. to mucous mernbranes.” Grant notes that many simple
sitver salts and silver ammonium compounds are injuri-
ous to the eye. According to Grant. “a great many
reports have been published describing argyrosis of the
eve, either from local contact with silver compounds or
as a part of a generalized argyrosis from systemic
absorption of silver or its compounds.”™ Since there are
inadequate data to assess the effects on the eye at or near
the permissible exposure limit, for the purposes of this
guideling, siiver metal and soluble silver compounds are
considered to have poor warning properties.

MONITORING AND MEASUREMENT
PROCEDURES

¢ General

Measurements to determine employee exposure are best
taken so that the average cight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-ime interval sampies (up to 30
minutes) may also be used 10 determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

* Method

An analytical method for siiver metal and solubie siiver
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compounds s in the NIOSH Manual of Analvtical
Methods. 2nd Ed.. Vol. 1 1977, avaiable from the
Government Printung Office. Washington. D.C. 20402
{GPO No. 017-033-00261-4).

technically feasible. when such controls are in the
process of being installed, or when they fail and need to
be suppiemented. Respirators may also be used for
operations which require entry into tanks or closed
vesseis, and 1 emergency suuauons. If the use of
respirators 1s necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Admimstration (formerly Mining Enforce-
ment and Safety Admunistrauon) or by the Nauonai
[nstitute for Occupational Safety and Health.

¢ In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance. inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

» Employees shouid be provided with and required to
use impervious clothing, gloves, face shields (eight.inch
munimum), and other appropnate protective clothing
necessary (o prevent skin contact with powdered metal-
lic silver or solids or liquids containing soluble silver
compounds, where skin contact may occur.

* [f employees’ clothing may have become contaminat-
ed with solids or liquids containing soluble silver com-
pounds, employees should change into uncontaminated
clothing before leaving the work premises.

* Clothing contaminated with metallic silver or soluble
silver compounds should be placed in closed containers
for storage until it can be discarded or untii provision is
made for the removal of substances from the clothing. If
the clothing is 1o be laundered or otherwise cleaned 10
remove the substances, the person performing the oper-
ation should be informed of substances’ hazardous prop-
erties.

+* Non-ympervious clothing which becomes contamu-
nated with metallic silver or soluble silver compounds
should be removed promptly and not rewom until the
metallic silver or soluble silver compounds are removed
from the clothing.

¢ Employees should be provided with and required to
use dust- and splash-proof safety goggles where there is
any possibility of powdered metallic silver or solids or
liquids containing soluble silver compounds contacting
the eyes.

¢+ Where there is any possibility that employees' eyes
may be exposed to silver nitrate or solutions containing
5 percent or more silver nitrate by weight. an eye-wash
fountain shouid be provided within the immediate work
area for emergency use.

SANITATION

* Skin that becomes contaminated with metallic silver
or soluble silver compounds should be promptly
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washed or showered 1o remove anv metalhic silver or
soiuble silver compounds.

* Eating and smoking should not be permitted n areas
where metallic stlver or solids or liquids containing
soluble silver compounds are handled, processed. or
stored.

* Employees who handle powdered metallic silver or
sohds or hiquids containing solubie silver compounds
should wash ther hands thoroughly before eaung.
smoking. or using toilet facthties.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to silver metal and solubie silver com-
pounds may occur and control methods which may be
effective in each case:

Operation Controis

Liberation during mining
and purification from
ore; dunng refining from
secondary sources

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Process enclosure;
local exhaust
ventilation; personai
protective equipment

Use in manufacture of
silver nitrate for use in
photography, mirrors,
piating, inks, dyes, and
porcelain; and as
germicides, antiseptics,
caustics, and analytical
reagents

Process enclosure;
locatl exhaust
ventilatton; personal
protective equipment

Use in manufacture of
silver salts as catalysts
in oxidation-reduction
and polymenzation
reactions; \n chemcat
synthesis; in glass
manufacture, 1n silver-
piating, in photography,
as laboratory reagents,
and in medicine
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Operation Controls

Local exhaust
ventilation; general
dilution ventifation;
personal protective
equipment

Liberation from
rmanufacture and
casting of alloys: dunng
fabrication of silver
metal, alloys, and bi-
metals tor electricai
uses; and dunng
electroptating
operations and
tabnication of solders
and brazing ailoys;
during manutacture and
use of photographic
chemicals and
matenals; durnng
manufacture of mirrors,
and duning manutfacture
of siiver powder
pigments and paints

Local exhaust
ventiation; general
dilution ventilation;
personal protective
equipment

Use dunng manufacture
of silver powder
pigments and paints,
dunng manufacture of
murrors; during
manufactute of
photographic chemicals
and matenals

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If powdered metallic silver or solids or liquids contain-
mg soluble silver compounds get into the eyes, wash
eves immediately with large amounts of water, lifting
the lower and upper lids occasionally. Get medical
attentton immediately. Contact lenses shouid not be
worn when working with this chemical.

+ Skin Exposure

If powdered metallic silver or solids or liquids contain-
ing soluble silver compounds get on the skin, flush the
contaminated skin with water. If powdered metallic
silver or solids or liquids containing soluble silver
compounds penetrate through the clothing, remove the
clothing immediately and flush the skin with water. If
irritation is present after washing, get medical attention.
Other silver compounds should be removed by prompt-
ly flushing the skin with water,

¢ Breathing

If a person breathes in Jarge amounts of silver metal or
sotuble silver compounds, move the exposed person 1o
fresh air at once. If breathing has stopped. perform
artificial respiration. Keep the affected person warm
and a1 rest. Get medical attention as so0n as possible.
* Swallowing

4 Sliver Metal and Soluble Siiver Compounds

If silver nitrate or other corrosive soiuble silver com-
pounds have been swallowed and the person is con-
scrous. grve him large quantines of water immediately
to dilute the siver nutrate or other corrosive silver
compounds. Do not anempt to make the exposed
person vomit. et medical attention immediately.
When non-corrosive soluble siiver compounds have
been swaliowed. give the person large quantities of
waler immediately  After the water has been swal-
lowed, try to get the person to vomit by having him
touch the back of his throat with his finger. Do not
make an unconscious person vomit. Get medical atten-
uon immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casuaity. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
anses.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restnicted from areas of spilis or leaks until
cleanup has been completed.

¢ If powdered sitver metal or soluble silver compounds
are spilled or leaked, the following steps should be
taken:

1. Ventilate area of spill or leak.

2. Collect spilled material in the most convenient and
safe manner and deposit in sealed containers for recla-
mation or for disposal in a secured samitary landfill.
Liquid containing silver metal or soluble silver com-
pounds should be absorbed in vermiculite, dry sand,
earth, or a similar matenal.

* Waste disposal method:

Silver metal and soluble silver compounds may be
disposed of in sealed contaners in a secured sanitary
landfill.
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RESPIRATORY PROTECTION FOR SILVER METAL AND SOLUBLE SILVER COMPOUNDS

Condition

Minimum Respiratory Protection®
Required Above 0.01 mg/m?

Particulate Concentration

0.5 mg/m? or less

A tugh efficiency panticulate filter respirator with a full facepiece.
Any supplied-ar respirator with a full facepiece, helmet, or hood.

Any seif-contained breathing apparatus with a full facepiece.

10 mg/m? or less

A powered air-purifying respirator with a full facepiece and a high ethciency
particutate filter.

20 mg/m? or tess

A Type C supplied-air respirator with a full facepiece operated m pressure-
demand or other positive pressure mode or with a full facepiece, heimet, or hooc
operated in continuous-flow mode.

Greater than 20 mg/m? or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C suppiied-air respirator with a
tull facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting

Seif-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

*Oniy NIOSH-approved or MSHA-approved equipment should be used.
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Occupational Health Guideline for
Styrene

INTRODUCTION

This guideline 1s intended as a source of information for
empioyees, employers, physicians. industnal hygienists,
and other occupauonal health professionals who may
have a need for such information. It does not attempt to
present all data: rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

+ Formuia: C.H,CH=CH,

* Synonyms: Phenylethylene: vinylbenzene: cinna-
mene: styrene monomer

s Appearance-and odor: Coiorless liquid with a sweet
aromatic odor at low concentrations. Sharp, penetrat-
ing, and disagreeable odor at higher concentrations.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for styrene is 100 parts of
styrene per million parts of air (ppm) averaged over an
eight-hour work shift, with a ceiling level of 200 ppm
and an acceptable peak of 600 ppm for § minutes in any
three-hour period. The American Conference of Gov-
ernmental Industrial Hygrenists has issued a Notice of
Intended Changes of its recommended Threshoid Limnt
Value for starene from 100 ppm 1o 50 ppm.

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Styrene can affect the body if it is inhaied, is swaliowed,
or comes in contact with the eyes or skin.

s Effects of overexposure

I. Short-term Expasure: Styrene may irritate the eyes,
nose, throat, and skin. High concentrations may cause a
person to become sieepy or to become unconscious.
2. Long-term Exposure: Repeated skin coniact with sty-
rene may produce a skin rash.

J. Reporting Signs and Symptoms: A physician should be

contacted if anvone develops any signs or syvmptams
and suspects that they are caused by exposure ‘o
styrene

* Recommended medical surveillance

The foliowing medical procedures should be made
available 1o each employee who 1s exposed 10 styrene at
potentially hazardous levels:

1. Initial Medicai Screeming: Employees should be
screened for history of certain medical conditions
{hsted below) which might place the employee at
increased risk from styrene exposure.

—Ceniral nervous system disorders: Since exposure
to styrene vapor or liquid on the skin has been observed
to result in central nervous sysiem depression and
occasional abnormalities 1n the electroencephalogram.
persons with pre-existing disorders may be unusualiv
susceptible to these effects.

—Chronic respiratory disease: In persons with im-
raired pulmonary function, especiailly those with ob-
structive airway diseases, the breathing of styrene might
cause exacerbation of symptoms due to its irfitant
praoperties or psychic reflex bronchospasm.

—Skin disease: Styrene is a defatting agent and can
cause dermatitis on prolonged exposure. Persons with
pre-exisung skin disorders may be more susceptible 10
the effects of this agent.

—Kidney disease: Although styrene 1s not known as a
kidney toxin in humans, the importance of this organ in
the ehiminanon of toxic substances jusufies spectal con-
sideration in those with possible impairment of renal
funcuon.

~—Liver disease: Although styrene 1s not known as a
liver toxin 1n humans, the importance of this organ n
the biotransformation and detoxification of foreign sub-
stances should be considered before exposing persons
with impaired liver function.

2. Periodic Medical Examinration: Any employee devel
oping the above-listed conditions should be referred for
further medical examination.

* Summary of toxicology

Exposure to concentrations of styrene above 200 ppm

These recommendations reflect good industnal hygiene and medical survellance practices and ther imptementation will
assist in achieving an effective occupational heaith program. However, they may not be sufficient 1o achieve compliance
with all requirements of OSHA regqulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Pubhic Heaith Servce  Centers tor Disease Control
Natonal Instiiute tor Cccupatonal Satety and Heahh
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causes 1rrrtanen of the eves and upper respiratory tradi
There 1 cracking and inflammation of the skin due w0
defatung Higher exposures depress the central nrervous
system Elcctroencephalographic changes have been
reported. Stvrene 1s excreted fairly rapidly in the unine,
largely as hippunic acid

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data
| Motecular weight: 104

Boiling pownt ¢ "60 mm Hg) 145 C (293 F)
Specific gravity (water = 1) 090
Vapor density iair = ! at boiling point of siyrene}

Melung pomt: =306 C(—-23 F)
Vapor pressure at 20C (68 F): 4.5 mm Hg

7. Solubility tn water, g/100 g water at 20 C (68 F):
0.0}

8. Evaporation rate (butyl acetate = 1). 0.49
= Reactivity

1. Conditions coninbuting to instability: Styrene 15
stabilized by a polymenzation wmhibitor (often ter.
butyicatechoi) I this 1s not present in adequate concen-
trations. styrene can polymernize and explode s con-
tainer. The poiymenzation 1s also speeded up by tem-
peratures above 66 C (150 F).

2. Incompaubiiities: Avoid contact with oxidizing
agents and catalysts for vinyl polymerization, such as
peroxides, strong acids. and aluminum chloride.

3. Hazardous decomposition products: Toxic gases
and vapors {such as carbon monoxide) may be released
in a fire involving styrene. Styrene fumes are very acnd.

4. Special precautions: Styrene will corrode copper
and copper alloys and dissolve rubber.

* Flammsbility

1. Flash point: 312 C (90 F) (closed cup)

2. Autoigmition temperature: 490 C {914 F)

3. Flammable hmits in air. ¢ by volume: Lower: 1.1.
Upper: 6.1
: 4. Exunguishant: Drv cemical. foam, or carbon diox-

ide
* Warning properties

1. Odor Threshold: May reports that the odor
threshold of styrene is 0.08 ppm.

2. Eye Irritation Level: The ATHA Hygienic Guide
reports that “styrene vapor at concentrations of 200 to
400 ppm was found to have transient irritant effects on
the eyes.”

4. Evaluation of Warning Properties: Since the odor
threshold of styrene 15 beiow the permissible exposure
fimit, it is treated as a material with adequate warning
properties.

MONITORING AND MEASUREMENT
PROCEDURES

* Eight-Hour Exposure Evaluation
Measurements to determine employee exposure are best

2.
3
4
36
5.
6.
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taken so that the average emght-hour exposure 15 based
on a single eight-hour sample or o0 two f(our-haur
samples Several shart-time tnters 2i wamples yup te 10

minules) may ajso be uwsed to deternune the average
exposure level. Ajr samples shouid be taken 1n the
empioyee’s breathing zone (atr that would most nearly
represent that inhaled by the emplovee:

* Ceiling Evzluation

Measurements to determuine emploves celling exposure
are best taken during pernods of mivmum expected
airborne concentrauons of sivrene. Each measurement
should consist of a fifteen i 15) minute sample or series of
consecutive samples totalling fifteen (13 minutes in the
emplovee’s breathing zone (arr that would most nearly
represent that inhaled by the employvee) A minimum of
three (3) measurements should be raken on one work
shift and the highest of all measurements taken s an
estimate of the emplavee's exposure.

* Peak Above Ceiling Evaluation

Measurements 10 determine employee peak exposute
should be taken during periods of maumum expected
airborne concentration of styrene. Each measurement
should consist of a 30-minute sample or a seres of
consecutive sampies totalling 30 minuies in the employ-
ec’s breathing zone (air that would most nearly repre-
sent that inhaled by the employee). A minimum of three
measurements should be taken on one work shift and
the highest of all measurements taken 15 an estimate of
the emplovee’s exposure.

* Method

Sampling and analvses may be performed by collection
of styrene vapors using an adsorption tube with subse-
quent desorption with carbon disulfide and gas chroma-
tographic analysis. Also, detector tubes cerufied by
NIOSH under 42 CFR Part 84 or other direct-reading
devices cahibrated (0 measure styrene mas be used. An
analytical method for styrene 1s in the NJOSH Manua!
of Anaiviical Methods. 2nd Ed.. Vol 2. 1977 avalable
from the Government Prinung Office. Washington.
D.C. 204021GPO No 017-032-00260-61

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering contrels be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used 10 control exposure. Respitators may be used
when engineering and work practice controls are not
technically feasible, when such controls are :n the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry. into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safery
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
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Institute for Occupational Safety and Health.

+ in addition 10 respirator selection. a complete respira-
tory protecuon program should be (nstituted which
includes regular traming, maintenance, nspection,
cleaming, and evaivaton.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious ciothing, gloves, face shields (eight-inch
munumum), and other appropnate protective clothing
necessary to prevent repeated or prolonged skin contact
with liguid styrene.

+ Clothing wet with liquid styrene should be placed in
closed containers for storage until it can be discarded or
until provision 1s made for the removal of styrene from
the clothing. If the clothing is to be laundered or
otherwise cleaned to remove the styrene, the person
performing the operation should be informed of styr-
ene's hazardous properties.

* Non-impervious clothing which becomes contami-
nated with liqud styrene should be removed promptly
and not reworn until the styrene i1s removed from the
clothing.

* Any clothing which becomes wet with liquid styrene
should be removed immediately and not reworn until
the styrene 1s removed from the clothing.

» Employees should be provided with and required to
use splash-proof safety goggles where liquid styrene
may contact the eyes.

SANITATION

+ Skin that becomes contaminated with liquid styrene
should be promptly washed or showered with soap or
mild detergent and water to remove any styrene.

COMMON OPERATIONS AND CONTROLS

The foliowing hst includes some common operations in
which exposure to styrene may occur and control
methods which may be effective in each case:

Operation Controls

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Liberation during spray-
up manufacture of glass
fiber, reinforced
styrene-polyester
articies

Process enclosure;
iocal exhaust
ventilation; personal
protective equipmant

Use during spray
application of styrene
polyester surface
coatings

Local exhaust
ventilation; general

Use during hand iay-up
of glass fibers,
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Operation
reintorced styrene-
polyester articles

Use dunng meiding ot
articies or potting
electrical components
with polystyrene

Use dunng manutacture
of tires and other rubber
goods using styrene-
butadiene elastomers
(S8R)

Use in manutfacture of
concretes

Use during bag lay-up
manufacture of glass
fiber, reinforced
styrene-polyester
articles; during use of
surface coatings
containing styrene-
butadiene copolymer
resins

Liberation during die
moiding of articles
made from styrene-
polyester rasins; during
brush application of
surface coatings

Use in process
operations for
production of
polystyrene,
acrylonitnle-butadiene
styrene (ABS), styrene-
acrylonitrile {SAN), and
styrene-butadiene
copolymers

Use in ménufacture of
surface coatings; use in
miscelianeous
processes as an
elastomer, intermediate,
or starting material; use
during manufacture of
ioh-exchange resins
(styrene-divinyibenzene
copolymaer)

Controls
dilution ventlation;
personal protective
equipment

Local exhaust
ventiation; general
dilution ventilation:
personal protective
equipment

General dilution
ventiation

General dilution
ventilation; personal
protective equipment

Local exhaust
ventilation, general
dilution ventilation;
personai protective
equipment

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Local exhaust
ventilation; personai
protective equipment

Local exhaust
ventilation; personal
protective equipment

Styrene 3
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EMERGENCY FIRST AID PROCEDURES

In the event of an emergency. institute first ard proce-
dures and send for first aild or medical assistance.

¢ Eye Exposure

If styrene gets into the eyes, wash eyes immediately
with large amounts of water, lifting the lower and upper
Iids occasionally  Get medical attention as soon as
possible  Contact lenses should not be worn when
working with this chemucal

¢ Skin Exposure

If styrene gets on the skin. promptly flush the contami-
nated skin with water. If styrene soaks through the
clothing. remove the clothing immediatety and flush the
skin with water When there 1s skin irritation, get
medical attentton,

* Bresathing

If a person breathes in large amounts of styrene, move
the exposed person to fresh air at once. if breathing has
stopped, perform artificial respiration. Keep the affect-
ed person warm and at rest. Get medical attention as
soon as possible.

* Swallowing

If styrene has been swailowed. do not induce vomiting.
Get medtcal attention immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

* Persons not weanng protective equipment and cloth-
1ng should be restricted from areas of spiils or ieaks until
cleanup has been completed.

* If styrene 1s spilled or leaked, the following steps
shouid be taken:

1. Remove all ignition sources.

2. Venulate area of spill or leak.

Y. For small quantities, absorb on paper towels. Evapo-
rate in a safe place (such as a fume hood). Allow
sufficient ume for evaporating vapors to compietely
clear the hoed ductwork. Burn the paper in a suitable
location away from combustible materiais. Large quan-
tities can be collected and atomized in a suitable com-
bustion chamber. Combustion may be improved by
mixing with a2 more flammabie liquid.

* Waste disposal methods:

Styrene may be disposed of:

1. By absorbing it in vermiculite, dry sand, earth or a
similar material and disposing in a secured santtary
landfill.

4 Styrene

<. By atomizing in a suitable combustion chamber.
Combustion may be improved by mixing with a more
lammable hquid.
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RESPIRATORY PROTECTION FOR STYRENE

Condition

Minimum Respiratory Protection®
Required Above 100 ppm

vapor Concentration

400 ppm or less

Any chemical cartndge respirator with an organic vapor canndge(s) **
Any supplied-air respirator.**®

Any self-contained breathing apparatus *”

1000 ppm or less

A chemical cartndge respirator with a full facepiece ang an organic vaccr
cartridgels).

5000 ppm or tess

A gas mask with a chin-styie or a front- or back-mounted organic vapor caniste’
Any supplied-arr respirator with a tuil tacepiece, hetmet. or nood.

Any self-contained breathing apparatus with a full facepiece.

Greater than 5000 ppm or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a {ull facepiece operated n pressure-
demand or other positive pressure mode.

A combmation respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiiary self-contained breathing apparatus operated in
pressure-demand Or Jther positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated n pressure-
demand or other positive pressure mode.
Escape Any gas mask providing protection aganst organic vapors.

Any escape self-contained breathing apparatus.

*Only NIQSH-approved or MSHA-approved equipment should be used.

**If eye writation occurs. full-facepiece respiratory proteclive equipment should be used.



Occupational Health Guideline for
Toluene

INTRODUCTION

This guideline is tntended as a source of information for
employees, empioyers, physicians, industrial hygienists,
and other occupational health professionals who may
have 2 need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

* Formula: C,H.CH,

» Synonyms: Toluol; phenyimethane; methyibenzene
» Appearance and odor: Coloriess liquid with an aro-
matic odor, like benzene.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for toluene is 200 pans of
toluene per million parts of air (ppm) averaged over an
eight-hour work shift, and during any such work shift,
300 ppm toluene may not be exceeded except that a
peak of 500 ppm toluene is permitted for 10 minutes
during the eight-hour work shift. NIOSH has recom-
mended that the permissibie exposure limit be reduced
to 100 ppm toluene sveraged over an eight-hour work
shift with a ceiling level of 200 ppm averaged over a
ten-minute period. The NIOSH Criteria Document for
Teoluene should be consulted for more detailed informa-
tion.

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Toluene can affect the body if it is inhaled, if it comes in
contact with the eyes or skin, or if it is swallowed. It
may enter the body through the skin.

¢ Effects of overexposure

1. Short-term Exposure: Toluene may cause irritation of
the eyes, respiratory tract, and skin. It may also cause
fatigue, weakness, confusion. headache, dizziness, and
drowsiness. Peculiar skin sensation may be produced

such as a “'pins and needles feeling” or numbness. Very
high concentrations may cause unconsciousness and
death. The liquid splashed in the eye may cause irnta-
tion and temporary damage. Inhalation may also cause
difficulty in seeing in bnight light. If liqud toluene s
splashed in the eyes. it will cause temporary irntation.
2. Long-term Exposure: Repeated or prolonged expo-
sure to liquid toluene may cause drying and cracking of
the skin.

J. Reporting Signs and Symptoms: A physician shouid be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure o0
toluene.

* Recommended medical surveillance

The following medicai procedures should be made
available to each employee who is exposed to toluene at
potentially hazardous levels:

1. Initial Medical Examination:

—A complete history and physical examination: The
purpose is 0 detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exam:-
nation of the central nervous system, liver and kidneys
should be stressed. The skin should be examined for
evidence of chronic disorders.

—Urinalysis: Since proper kidney function is neces-
sary for biologic monitoring, a unnalysis should be
obtained to include at a minimum specific graviy,
albumnin, glucose, and a microscopic on centnfuged
sediment. The urine should be analyzed for hippunc
acid to obtain a background level.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis. Hippuric acid level in urine may be an indicator of
the level of toluenc exposure.

+ Summary of toxicology

Toluene vapor causes narcosis. Controlied exposure of
human subjects to 200 ppm for 8 hours produced mild
fatigue, weakness, confusion, lacrimation, and paresthe-
sia; at 600 ppm for 8 hours there were also euphoria,
headache, dizzin.css. dilated pupils and nausea; at 800

These recommendations refiect good industrial hygiens and medical surveiliance practices and thew impiementation wall
assist :n achieving an effective occupational heaith program. However, they may not be sufficient to achveve compiiance
with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Pubiic Health Service  Centers for Dissase Control
Natonal Insttute for Ocoupatonat Satety and Health
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ppm for § hours, symptoms were more pronounced, and
after-effects inciuded nervousness, muscular fatigue,
and insomnia persisting for several days. Severe but
reversibie liver and kidney wunjury occurred in a person
who was a glue-smiffer for 3 years: the chief component
of the inhaled solvent was toluene (80% V/V), other
ingredients were not listed. In workers exposed for
man\v years to concentrations in the range of §0 to 300
ppm. there was no chnical or laboratory evidence of
altered liver funcuon. Toluene exposure does not result
in the hematopoietc effects caused by benzene; the
myelotoxic effects previously attributed (o toluene are
judged by more recent investigations to be the resuit of
concurrent exposure to benzene present as a contami-
nant in the commercial toiuene used. Most of the
toluene absorbed from inhalation is metabolized to
benzoic acid, conjugated with glycine in the liver to
form hippuric acid, and excreted in the urine; the
average amount of hippuric acid excreted in the urine
by individuals not exposed to toluene is approximately
0.7 1o 1.0 g/ of urine. The liquid splashed in the eyes of
two workers caused transient corneal damage and con-
junctival irritation; complete recovery occurred within
48 hours. Repeated or prolonged skin contact with
liquid toluene has a defatting action, causing drying,
fissuring, and dermatitis.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

1. Moleculsr weight: 92.1

2. Boiling poimt {760 mm Hg): 111 C (231 F)

1. Specific gravity (water = 1}:0.86

4. Vapor density (air = | at boiling point of toluene):
3.14

5. Melting point: —95C (-1 F)

6. Vapor pressure at 20 C (68 F): 22 mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F).
0.05

8. Evaporation rate (butyl acctate = 1): 2.24
* Reactivity

1. Conditions contributing to instability: Containers
may burst at eievared temperatures.

2. Incompatibilities: Contact with strong oxidizers
may cause fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as carbon dioxide and carbon monox-
ide) may be released in a fire involving toluene.

4. Special precautions: Toluene will attack some
forms of piastics, rubber, and costings.
¢ Flammability .

1. Flash point: 4 C (40 F) (closed cup)

2. Autoignition temperature: 480 C (8%6 F)

3. Flammable limits in air, % by volume: Lower:
1.27; Upper: 7.1

4. Extinguishant: Carbon dioxide, dry chemical,
foam
¢ Warning properties

1. Odor Threshold: The American National Stand-

2 Toluene

ards Institute (ANSI) states that “the odor of toluene s
detectable by most people at concentranons in the range
of 10 to 15 ppm. The odor has little value as a warning
property.”

Patty points out that olfactory fatigue occurs rapidly
upon exposure to toluene.

2. Eye irnitation Level: Grant states that “'the vapors
of toluene cause noticeable sensation of irritation to
human eyes at 300 to 400 ppm n air. but even at 300
ppm irntation ts slight.”

ANSI reponts that “irritation of eyes, mucous mem-
branes. and upper respiratory tract may occur whiie
workers are exposed to low concentrations of toluene.
There is a considerable range of variation (100 to 500
ppm) between individuals, some finding any concentra-
tion of toluene objectionable. Commercial grades of
toluene vary in irritant properties.”

3. Evaluation of Waming Properties: Because of its
irritant effects, toluene is judged to have good warmning
properties.

MONITORING AND MEASUREMENT
PROCEDURES

* Eight-Hour Exposure Evaluation

Measurements to determine empioyee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up 10 30
iminutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of matimum expected
airborne concentrations of toluene. Each measurement
should consist of a ten (10) minute sample or series of
consecutive samples totalling ten (10) minutes in the
empioyee’s breathing zone (air that would most nearly
represent that inhaled by the employee). A minimum of
three (3) measurements should be taken on one work
shift and the highest of all measurements taken is an
estimate of the employee's exposure.

+ Peak Above Ceiling Evalustion

Measurements to determine empioyee peak exposure
should be taken during periods of mazimum expected
airborne concentration of toluene. Each measurement
should consist of a 10-minute sample or a series of
consecutive samples totalling 10 minutes in the employ-
ee's breathing zone (air that would most nearly repre-
sent that inhaled by the employee). A minimum of three
measurements should be taken on one work shift and
the highest of ail measurements taken is an estimate of
the employee’s exposure.

* Method

Sampliing and analyses may be performed by collection
of vapors using an adsorption tube with a2 subsequent
desorption of toluene with carbon disulfide and gas
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chromatographic analysis. Also, detector tubes certified
by NIOSH under 42 CFR Part 8 or other direct-
reading devices calibrated to measure toluene may be
used. An analvucal method for toluene 1s in the N/OSH
Manual of Analvuical Methods. 2nd Ed.. Vol. 3. 1977
available from the Government Printing Office. Wash-
mgton, D C 20402 (GPO No. 017-033-00161-4)

Methods for Set V" (order number PB 262 514)

RESPIRATORS

¢ Good industnai hygiene practices recommend that
engineering controis be used 1o reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being instailed, or when they fail and need to0
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situstions. [f the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formeriy Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* [n addition to respirator selection, a compiete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

s Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liquid toluene.

* Any clothing which becomes wet with liquid toluene
should be removed immediately and not reworn until
the toluene is removed from the clothing.

* Clothing wet with toluene should be placed in closed
containers for storage until it can be discarded or until
provision is made for the removal of toluene from the
clothing. If the clothing is to be laundered or otherwise
cleaned tc remove the toluene, the person performing
the operation should be informed of toluene’s hazardous
properties.

¢ Empioyees should be provided with and required to
use splash-proof safety goggles where liquid toluene
may contact the eyes.

* Where there is any possibility that employees’ eyes
may be exposed to toluene, an eye-wash fountain should
be provided within the immediate work area for emer-
gency use,
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SANITATION

¢ Skin that becomes wet with liquid toiuene should be
promptly washed or showered with soap or mild deter-
gent and water to remove any toluene.

* Emplovees who handle liquid toluene should wash
their hands thoroughly with soap or miid detergent and
water before eating or smoking.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations 1n
which exposure to toluene may occur and control

methods which may be effective in each case:

Operation

Use as a solvent in
pharmaceutical,
chemical, rubber, and
plastics industries; as a
thinner for paints,
lacquer, coatings, and
dyes; as a paint
remover; insecticides

Use as starting materiai
and intermediate in
organic chemical and
chemical synthesis
industries

Use in manufacture of
artificial leather; fabric
anc paper coatings;
photogravure ink
production; spray
surface coating; as a
diluent (ceilulose ester
lacquers)

Use as constituent in
tormulation of
automotive and aviation
fueis

Controls

Process enclosure;
general dilution
vantilation; local
exhaust ventilation;
personal protective
equipment

Process enclosure;
general dilution
ventilation; local
exhaust ventilation;
personal protective
equipment

Process enclosure;
general dilution
ventitation; iocal
exhaust ventilation;
personal protective
equipment

Process enciosure,
general dilution
ventilation; local
exhaust ventilation;
personal protective
equipment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If liquid toluene gets into the eyes, wash eyes immedi-
ately with large amounts of water, lifting the lower and
upper lids occasionally. If irritation is present after
washing, get medical attention. Contact lenses should
not be worn when working with this chemical.

s Skin Exposure

If liquid toluene gets on the skin, promptly wash the
contaminated skin using soap or mild detergent and
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water. If liquid toluene soaks through the clothing,
remove the clothing immediately and wash the skin
using soap or mild detergent and water. If |rntatlon
persists after washing, get medical attention.

* Breathing

If a person breathes in large amounts of toluene, move
the exposed person to fresh air at once. If breathing has
stopped. perform artificial respiration. Keep the affect-
ed person warm and at rest. Get medical attention as
so0n as possible.

+ Swallowing

When toluene has been swallowed, get medical atten-
tion immediately. Do not attempt to make the exposed
person vomit.

* Rescue

Maove the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

« Persons not wearing protective equipment and cloth-
ing should be restnicted from areas of spills or leaks until
cleanup has been completed.

* If toluene is spilled or leaked, the following steps
should be taken:

1. Remove all ignition sources,

2. Ventilate area of spill or leak.

3. For small quantities, absorb on paper towels. Evapo-
rate in a safe place (such as a fume hood). Allow
sufficient time for evaporating vapors to completely
clear the hood ductwork. Burn the paper in a suitable
location away from combustible materiais. Large quan-
tities can be reclaimed or coliected and atomized in a
suitable combustion chamber. Toluene should not be
allowed to enter a confined space, such as a sewer,
because of the possibility of an explosion. Sewers de-
signed to preclude the formation of expiosive concen-
trations of toluene vapors are permitted.

* Waste disposal method:

Toluene may be disposed of by atomizing in a suitable
combustion chamber.

ADDITIONAL INFORMATION

To find additional information on toluene, look up
toiuene in the following documents:

» Medical Surveillance for Chemical Hazards

¢ Respiratory Protection for Chemical Hazards

* Personal Protection and Sanitation for Chemical
Hazards

* NIOSH Criteria Document for Toluene (July 1973)

4 Toluerne

These documents are available through the NIOSH
Division of Technical Services, 4676 Columbia Park-
way, Cincinnati, Ohio 45226.
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RESPIRATORY PROTECTION FOR TOLUENE

Condition

Mlnimum Respiratory Protection®
Required Above 200 ppm

VYapor Concentration

500 ppm or less

Any chemical cartndge respirator with an organic vapor canndge(s}.
Any supplieg-air respirator.

Any self-contained breathing apparatus.

1000 ppm or less

A chemical cartridge respirator with a full facepiece and an organic vapor
cartndge(s).

2000 ppm of less

A gas mask with a chin-style or a front- or back-mounted organic vapor canister.
Any supplied-air respirator with a fuil facepiece, heimet, or hood.

Ahy self-contained breathing apparatus with a full facepiece.

Greater than 2000 ppm or
antry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxifiary seif-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or ather positive pressure mode.
Escape Any gas mask providing protection against organic vapors.

Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment shouid be used.



1. PUBLIC HEALTH STATEMENT

1.1 WHAT IS VINYL CHLORIDE?

Vinyl chloride is a colorless gas with a mild, sweet odor. Most of
the vinyl chloride produced in the United States is used to make
polyvinyl chloride (PVC), a material used to manufacture a variety of
plastic and vinyl products including pipes, wire and cable coatings,
packaging materials, furniture and automobile upholstery, wall
coverings, housewares, and automotive parts. Much smaller amounts of
vinyl chloride are used as a refrigerant gas and in the manufacture of
other chlorinated compounds. The major sources of release of vinyl
chloride to the environment are atmospheric emissions and wastewater
discharges from the plastics industries (primarily vinyl chloride and
PVC manufacturers). Most of the vinyl chloride released to the
environment eventually ends up in air.

1.2 HOW MIGHT I BE EXPOSED TO VINYL CHLORIDE?

Humans are exposed to vinyl chloride from environmental and
occupational sources. The low levels of vinyl chloride found in the
environment (often called background levels) are usually more than a
thousand times lower than levels found in occupational locations.
Background levels in the environment are usually expressed in terms of
parts of vinyl chloride present in a billion parts of alr or water
(ppb). Background levels found in the air we breathe result from the
discharge of exhaust gasses from factories that manufacture or process
vinyl chloride, or evaporation from areas where chemical wastes are
stored. Highest background levels have been measured in air near vinyl
chloride factories or over chemical waste storage areas. Air inside new
cars may contain levels of vinyl chloride higher than expected
background levels, because vinyl chloride may seep into the air from the
new plastic parts.

Background levels in drinking water come from factories that
release wastes into rivers and lakes, from seepage into water in areas
where chemical wastes are stored, or from contact with polyvinyl
chloride pipes. In the past, concentrations exceeding expected

background levels were present in foods packaged in plastic that
contained vinyl chloride.

Occupational sources, such as what might be experienced in vinyl
chloride manufacturing or processing factories, may result in exposure
to levels in the air much higher than those from environmental sources.
Levels in the air in occupational locations are usually expressed in
terms of parts of vinyl chloride per million parts of air (ppm).



1.3 HOV DOES VINYL CHLORIDE GET INTO MY BODY?

The most likely route for vinyl chloride to enter the body is by
breathing contaminated air containing the vapor. This route of exposure
may be important for persons employed in viuyl chloride manufacturing or
processing, but may also be of concern for those living in a community
where vinyl chloride plants are located, or those living near hazardous
waste disposal sites. Vinyl chloride can also enter the body by cating
food or drinking water containing the compound. Insignificant amounts of
vinyl chloride can enter foods that are packaged in plastic made from
polyvinyl chloride and insignificant amounts can enter drinking water
transported in polyvinyl chloride pipes. In addition, vinyl chloride may
be present in drinking water contaminated with hazardous waste. Levels
of vinyl chloride present in drinking water and packaged foods and
beverages are far below those expected to have an effect on health.

Absorption of vinyl chloride through the skin is not likely ro be
important,

1.4 HOW CAN VINYL CHLORIDE AFFECT MY HEALTH?

Short-term exposures to very high levels in contaminated air can
cause dizziness, giddiness, stumbling and incoordination, headache,
unconsciousness, and death., Long-term exposure to lower concentrations,
for example, in factories where vinyl chloride was made or processed,
has caused "vinyl chloride disease," which is characterized by severe
damage to the liver, effects on the lungs, poor circulation in the
fingers, changes in the bones at the end of the fingers, thickening of
the skin, and changes in the blood. Increased risk of cancer of the
liver, brain, lungs, and possibly other organs, and increased risk of

miscarriage have been associated with breathing air in factories
containing vinyl chloride.

Health effects have not been associated with the very low levels of
vinyl chleoride measured in drinking water or foods.

1.5 1I5 THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN
EXPOSED TO VINYL CHLORIDE?

Vinyl chloride can be detected in urine and body tissues, but the
tests are not a reliable indicator of exposure. Measuring the amount of
the predominant breakdown product of vinyl chloride in the urine may
give some indication of recent exposure; however, people differ in the
quantity of excretion of this breakdown product. This method, therecfore,
is not a reliable indicator of either the level or the duration of
exposure, particularly at low expesure levels. The laboratory tests
commonly used by doctors to evaluate liver damage and liver funccion

generally are not reliable for monirvoring liver damage from vinyl
chloride exposure,

1.6 WHAT LEVELS OF EXPOSURE HAVE RESULTED IN HARMFUL HEALTH EFFECTS?

The graphs on the following pages show the relationship between
exposure to vinyl chloride and known health effects. In the first set of
graphs labeled "Health effects from breathing vinyl chloride" (Fig.
1.1}, exposure is expressed in parts of vinyl chloride per million parts
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Fig. 1.1. Health effects from breathing vinyl chloride.
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of air (ppm). In the second set of graphs, the same relationship is
shown for the known "Health effects from ingesting vinyl chloride" (Fig.
1.2). Exposures are expressed in milligrams of vinyl chloride per

kilogram of body weight per day (mg/kg/day). In both graphs, effects in
animals are shown on the left, effects in humans on the right.

The first column, labeled "Short-term exposure," refers to effects
associated with exposure durations of 14 days or less. The column
labeled “"Long-term exposure" refers to exposures lasting longer than 14
days. The levels marked on the graphs as "Minimal risk for effects other
than cancer" are estimates based on data obtained from laboratory
animals, and hence are subject to the uncertainties involved in using
animal data to predict effects in humans. This data extrapolation is

necessary, hawever, because quantitative exposure data were not
available for humans.

1.6.1 Toxic Effects Other Than Cancer

For breathing vinyl chloride, animal data were sufficient to
estimate that short-term exposure to 0.7 ppm would result in minimal
risk from effects other than cancer. The data did not provide sufficient

information to estimate with confidence a level that would be safe for
long-term exposure.

For ingesting vinyl chloride, minimal risk of effects other than

cancer is expected for lifetime “doses" of 0.0013 mg/kg/day, based on
data from laboratory animals.

1.6.2 Cancer

From available data in animals, the Environmental Protection Agency
(EPA) has estimated that breathing air containing 1 ppm vinyl chloride
every day, all day, for 70 years, increases, at the most, risk of 1100
persons in a population of 10,000 (or 1,100,000 persons in a population
of 10,000,000) developing cancer. Consuming 1.0 ug/kg/day vinyl chloride
from food and water every day for 70 years increases, at the most, risk
of 23 persons in a population of 10,000 (or
population of 10,000,000) developing cancer.
these risk values are plausible upper-limit
levels are unlikely to be higher and may be

23,000 persons in a
It should be noted that

estimates. Actual risk
lower.

1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT
HUMAN HEALTH?

The Occupational Safety and Health Administration (OSHA)
regulations state that a worker must not be expesed to a concentration
of vinyl chloride in air that exceeds 1 ppm over any 8-hour work peried,
and that the concentration must not exceed 5 ppm for more than 15
minutes. The National Institute for Occupational Safety and Health
(NIOSH) recommends that workers exposed to any measurable amount of
vinyl chloride wear an air-supplied respirator. EPA has determined that
factories must limit air emission of vinyl chloride to 10 ppm.

Pursuant to the Safe Drinking Water Act, EPA established that
community drinking water systems that regularly serve the same 25
persons for at least 8 months of the year must limit vinyl chloride in
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Fig. 1.2. Health effects from ingesting viny! chloride.



the drinking water to 0,002 mg/L, starting January 9, 1989. In order to
limit ingestion of vinyl chloride in food, the Food and Drug

Administration {FDA) recently amended its regulations regarding the
vinyl chloride content of various plastics used for food packaging.

Limits range from 5 to 50 ppm, depending on the nature of the plastic
and its use.

In order to exercise control over the handling of vinyl chloride,
EPA has designated the chemical as a hazardous constituent of solid

waste. If quantities greater than 1l pound are released to the
environment, the National Response Center must be notified immediately.
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Table 3.1. Chemical identity of vinyl chloride

Parameter Yalue References
Chemical name Chlorocthene SANSS 1987
Synonyms and trade names Yinyl chloride, SANSS 1987
chlorosthylene,
cthylene monochloride,
monochloroethylene,
VC, VCM, vinyl
C monomer
Chemical formula C;H,Cl HSDB 1987
Wiswesser line notation Giut HSDB 1987
Chemical structure
H Cl
N Ve
C=¢
s ~N
H H
Identilication numbers
CAS Registry No. 75-01-4 HSDB 1987
NIOSH RTECS No. KU9625000 HSDB 1987
EPA Hazardous Waste No. U043 HSDB 1987
QHM-TADS No. 1216947 HSDB 1987
DOT/UN/NA/IMCO Shipping No. 1086 HSDB 1987
STCC No, 49 057 92 HSDB 1987
Hazardous Substances Data Bank No. 169 HSDB 1987

National Cancer Institute No,

None available




27

Table 3.2. Physical and chemical properties of vinyl chloride

Property Yalue References
Meolecular weight 62.5 Cowler and Magistro 1983
Color Colorless Cowfer and Magistro 1983
Physical state Gas Cowfler and Magistro 1981
QOdor Mild, sweet Yerschueren {98)

Odor thresholid

Water 1.4 ppm {w/v} Amoore and Hautula 1983

Air 3000 ppm (v/v) Amoore and Hautula 1983
Melting point —153.8°C Cowfer and Magistro 193]
Boiling point =114°C Cowfer and Magistro 1982
Autoignition

lempetature 472°C Cowler and Magistro 1983
Solubility

Water 2763 mg/L at 25°C EPA 1985b

Organic solvents

Density, ;/crn3
Yapor density (air = |)

Log octanoi-water
partition coefficients

Yapor pressure
Henry's Law constant
Refractive index
Flashpoint
Flammability limits

Conversion laclors
ppm (v/v¥) to mg/m3
in air
mg/mJ to ppm (v/v)
in air
ppm (w/v) to mg/L
in watet

ppm (w/w) to mg/kg
in solid matrices

1100 mg/L at 25°C
Scluble in hydro-
carbons, oil,
alcohol, chlorinated
solvents, and most
common organic
liquids

0.969 (—~14,2°C)
2.15

1.36

2660 mm Hg at 25°C

1.2 (atm-m’)/mol at 10°C
1.3700 at 20*C

—77.75 (open cup}

4-22 vol %

ppm (v/v) = 2.60 mg/m’

mg/m’ = 0.39 ppm {¥/¥)

ppm (w/v) = mg/L = pg/mL

ppm (w/w) = mg/kg = ug/g

Cowfer and Magisiro 198)
Cowler and Magistro 1983

Cowfer and Magistro 1983
Yerschuercn 198)

EPA 1987b

Verschueren (983

EPA 1985b

EPA 1985b

Cowler and Magistro 1981
Cowfer and Magistro 1983




Occupational Health Guideline for
Xylene

INTRODUCTION

This guideiine is intended as a source of information for
employees, employers. physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

¢ Formula: C(H{CH;sh

* Synonyms: Commercial xylene (xylol) is & mixture,
mostly the meta-isomer. 1) O-xylene, ortho-xylene, 1,2-
dimethylbenzene; 2) m-xylene, meta-xylene, 1,3-dimeth-
ylbenzene; J) p-aylene, para-xylene, 1,4-dimethylben-
zene

» Appearance and odor: Colorless liquids with aroma-
tic odors (pure p-xylene is a solid below 12.7 C (55 F)).

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for xylene is 100 parts of
xylene per million parts of air (ppm) averaged over an
eight-hour work shift. This may also be expressed as 435
milligrams of xylene per cubic meter of air (mg/m?).
NIOSH has recommended that the permissible expo-
sure limit be changed to 100 ppm averaged over a work
shift of up to ten hours per day, forty hours per week,
with an acceptable ceiling level of 200 ppm averaged
over a |C-minute period. The NIOSH Criteria Docu-
ment for Xylene should be consulted for more detalied
information.

HEALTH HAZARD INFORMATION

* Routes of exposure
Xylene can affect the body if it is inhaled, if it comes in

contact with the eyes or skin, or if it is swallowed. It
may enter the body through the skin.

e Effects of overexposure

L. Shorr-term Exposure: Xylene vapor may cause irrita-
tion of the eyes, nose, and throat. At high concentra-
tions, xylene vapor may cause severe breathing difficul-
ties which may be delayed in onset. At high concentra-
tions, it may aiso cause dizziness, staggering, drowsi-
ness, and unconsciousness. In addition. breathing high
concentrations may cause loss of appetite, nausea, vom-
iting, and abdominal pain. Liquid xylene may be irritat-
ing to the eyes and skin. Exposure to high concentra-
tions of xylene vapor may cause reversible damage 1o
the kidneys and liver.

2. Long-term Exposure: Repeated or prolonged expo-
sure to xylene may cause a skin rash. Repeated exposure
of the eyes to high concentrations of xylene vapor may
cause reversible eye damage.

3. Reporting Signs and Symptoms: A physician should be
contacted if anyone dévelops any signs or symptoms
and suspects that they are caused by exposure to xylene.
¢ Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to xylene at
potentially hazardous levels:

i. Initial Medica! Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the expased employee at ingreased risk, and to
establish a baseline for future health monitoring. Exam-
nation of the central aervous system, eyes, gastrointest-
nal tract, blood, liver, and kidneys should be stressed.
The skin should be examined for evidence of chronic
disorders.

—A complete blood count: Xylene has been shown
to cause reversible hematopoietic depression in animals.
A complete blood count should be performed, includ-
ing a red cell count, a white cell count, a differential
count of a stained smear, as well as hemoglobin and
hematocrit.

—Liver function tests: Since liver damage has been
observed in humans exposed to xylene, a profile of liver

These recommendations reflect good industrial hygiens and medical surveillance practices and their implementation will

assist in achieving an effective occupational heaith

program. However, they may not be sufficient to achieve compliance

with ali requiremants of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Pubiic Health Service  Cemers tor Dissass Conmol
Nationa! insttute for Occupahonal Safety and Health
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function should be obtained by using 2 medically ac-
ceptable array of biochemical tests.

—Unrinalysis: Since kidney damage has been observed
in humans exposed to xylene, a urinalysis should be
obtained to include at a minimum specific gravity,
albumin, giucose, and 3 microscopic on centrifuged
sediment.

2. Periodic Medical Examination: The aforementioned
medical examinanons should be repeated on a biannual
basis.

¢ Summary of toxicology

Xylene vapor irrtates the eyes, mucous membranes,
and skin; at high concentrations it causes narcosis. In
animals, xylene causes biood changes reflecting mild
toxicity to the hematopoietic system. Repeated expo-
sure of rabbits to 1150 ppm of a mixture of isomers of
xylene for 40 to 55 days caused a reversible decrease in
red and white cell count and an increase in thrombo-
cytes, exposure to 690 ppm for the same time period
caused only a slight decrease in the white cell count.
Three painters working in a confined space of a fuel
tank were overcome by xylene vapors estimated 1o be
10,000 ppm; they were not found until 18.5 hours after
eniening the tank, and one died from pulmonary edema
shortly thereafter; the other two recovered completely
in 2 days; both had temporary hepatic impairment

(inferred from elevated serum transaminase levels) and -

one of them had evidence of temporary renal impair-
ment (increased blood urea and reduced creatinine
clearance). In humans, exposure to undetermined but
high concentrations caused dizziness, excitement,
drowsiness, incoordination and a siaggerning gait. Work-
ers exposed to concentrations above 200 ppm complain
of anorexia, nausea, vomiting, and abdominal pain. Brief
exposure of humans to 200 ppm caused irnitation of the
eyes, nose, and throat. There are reports of reversible
corneal vacuolation in workers exposed to tylene, or to
xylene plus other volatile solvents. The liquid is a skin
irritant and causes erythema, dryness, and defatting;
proionged contact may cause the formation of vesicles,

CHEMICAL AND PHYSICAL PROPERTIES

Daua in the following section are presented for xylene's
three isomers: 1) ortho, 2) meta, and 1) para.
* Physical data

1. Molecular weight: 106.2

2. Boiling point (760 mm Hg): 1) 144.4 C (292 F); 2)
1389 C(282F); 3)138.3C(281 F)

3. Specific gravity (water = 1): 1) 0.88; 2) 0.86; 3)
0.86

4. Vapor density (air = 1 at boiling point of xylene):
37 .
5. Melting point: 1) —25C(—-12F); 2) —48C (- 54
F, H13C(S5F)

6. Vapor pressure at 20 C (68 F): 1) 7 mm Hg; 2) 9
mm Hg; 3) 9 mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
1) 0.00003; 2) 0.00003; 3) 0.00003

2 Xyilena

8. Ewvaporation rate tbutyl acetate = 13: N0.7. 0.7
»nos
* Reactivity

. Condwions contribuung to instability: Elevated
temperatures may cause containers to burst.

2. Incompatibilities: Contact with strong oxidizers
may cause fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as carbon monoxide) may be released
in a fire involving xylene.

4. Specral precautions: Xylene will attack some
forms of plastics. rubber. and coatings.

* Flammability

1. Flash pont: 1) 32 C (90 F) (closed cup); 2) 289 C
B4F;LN272C(HRIF)

2. Autoignition temperature: 1) 465 C (869 F); 2) 530
C(986 F);, ) 530C (986 F)

3. Flammable limits in air, % by volume: Lower: 1)
10:2) L1 3) LI Upper: 1)6.0; 7.0, 1) 7.0

4. Extingwishant: Foam, carbon dioxide, dry chemi-
cal
* Warning properties

1. Odor Threshoid: Patty states that “the initial odor
of 200 ppm has an intensity of approximately 3 and an
irntauon value of 1. As in most other instances, olfac-
tory fatigue occurs rapidly and the odor is no longer
detected at this concentration.™

1. Eye Irritation Level: The AIHA Hygienic Guide
states that “exposure to vapors at 200 ppm caused eye
irritation in most of the persons tested. Lesions in the
form of fine vacuoles in the cornea of cats exposed to
commercial xylene vapors have been observed,”

3. Other Information: The Handbook of Industnal
Organic Chemicals states that xylene “may be irritating
to eyes, nose and throat as exposure exceeds threshoid
limit.” The Hygienic Guide notes that 200 ppm causes
irntation of the nose and throat.

4. Evaluation of Warning Properties: Through 1ts
irmitant effects, axylene can be detected within three
times the permissible exposure limit. For the purposes
of this guideline, therefore, xyiene is treated as a maten-
al with good warning properties.

MONITORING AND MEASUREMENT
PROCEDURES

* Eight-Hour Exposure Evaluation

Measurements (o determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-ime interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee).

* Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken dunng periods of maximum expected
airborne concentrations of xylene. Each measurement
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should consist of a ten (10} minute sampie or series of
consecutive samples totailing ten (10) minutes in the
employee’s breathing zone ¢air that would most nearly
represent that inhaled by the employee). A minimum of
three (3) measurements should be taken on one work
shift and the highest of all measuremenis taken 15 an
estimate of the employee’s exposure.

+ Method

Samphing and anafyses may be pertormed by collection
of vapors using aa adsorpiion tube with subsequent
desorption with carbon disulfide and gas chromatogra-
phic analysis. Also. detector tubes cerufied by NIOSH
under +2 CFR Part 84 or other direct-reading devices
calibrated to measure xviene may be used. An analvticai
method for xviene 1sn the NOSH Manual of Anaivuc..
Methods. 2nd Ed.. Vol. 3 1977, available from the
Government Prinung Office. Washington. D.C. 20402
{GPO No. 017-033-00261-4).

RESPIRATORS

* Good industnal hygiene practices recommend that
engineering controis be used to reduce environmental
concentrations (o the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineenng and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels. and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administranon (formerty Mining Enforce-
ment and Safety Administration) or by the Nationai
Institute for Occupational Safety and Health.

* [n addition to respirator selection, a complete respira-
tory protection program should be instinuted which
includes regular training, mamtenance, inspection.
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liquid or solid xylene.

* Clothing contaminated with zylene should be placed
in closed containers for storage until it can be discarded
or until provision is made for the removal of xylene
from the clothing. If the clothing is to be laundered or
otherwise cleaned 10 remove the xylene, the person
performing the operation should be informed of xy-
lene’s hazardous properties.

* Any clothing which becomes wet with liquid xylene
shouid be removed immediately and non-impervious

September 1978

clothing which becomes contaminated with xvlene
should be removed promptly and not reworn untl the
xylene 1s removed from the clothing.

¢ Employees should be provided with and required 1o
use splash-proof safety goggies where hquid or sold
xvlene may contact the eves.

SANITATION

¢ Skin that becomes contaminated with xvlene should
be promptly washed or showered with soap or muid
detergent and water to remove any xylene.

* Employees who handle liquid or solid xylene should
wash their hands thoroughly with soap or mild deter-
gent and water before eating. smoking, or using toilet
faciiities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to xylene may occur and control meth-

ods whuch may be effective in each case:

Operation

Use as an intermediate
during manufacture of
plastics, synthetic
fibers, and mixed/pure
isomers

Use as diluent or
solvent in surface
coatings, pnnting
operations, and
manutfacture of nubber;
degreasing agent in
plastics and electronics
manufacture, in organic
synthesis reactions and
manufacture of epoxy
resins

Use in formulation of
insecticides

Use in manufacture of
xylene-formaldehyde
resins; pharmaceuticals,
vitamins, ieather; and
as a sterilizing agent for
cat-gut and in
MICroscopy

Controls

Process enclosure;
local exhaust
ventilation; general
mechanical ventilation;
personal protective
equipment

Process enclosure;
local exhaust
ventilation; general
mechanical ventilation;
personal protective
equipment

Process enclosure;
local exhaust
ventilation; general
mechanical ventilation:
personal protective
equipment

Process enciosure;
local exhaust
ventitation; general
mechanical ventilation;
personal protective
equipment

Xylene 3



Controls

Process enclosure;
local exhaust
ventilation; general
mechanicat ventilation;
personal protective
equipment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, insutute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If liquid or soiid xylene gets into the eyes, wash eyes
immediately with large amounts of water, lifting the
lower and upper lids occasionally. Get medical atten-
tion immediately. Contact lenses should not be wom
when working with this chemical.

» Skin Exposure .

If liquid or solid xylene gets on the skin, promptly wash
the contaminated skin using soap or mild detergent and
water. If liquid or solid xylene penetrates through the
clothing, remove the clothing immediately and wash
the skin using soap or mild detergent and water. If
irritation is present after washing, get medical attention.
¢ Breathing

if a person breathes in large amounts of xylene, move
the exposed person to fresh air at once. If breathing has
stopped, perform artificial respiration. Keep the affect.
ed person warm and at rest. Get medical attention as
soon as possible.

* Swallowing

When xylene has been swallowed. do not induce vomit-

ing. Get medical attention immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under.
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cleanup has been completed.

* If xylene is spilled or leaked, the following steps
should be taken:

1. Remove all ignition sources.

2. Ventilate area of spill or leak.

3. For small quantities, absorb on paper towels. Evapo-
rate in a safe place (such as a fume hood). Allow
sufficient time for evaporating vapors to completely
clear the hood ductwork. Burn the paper in a suitable
location away from combustible materials. Large quan-
tities can be reclaimed or collected and atomized in a

Operation

Use during blending of
motor and aviation fuels

4 Xylene

suitable combustion chamber. Xylene should not be
allowed to enter a confined space, such as a sewer,
because of the possibility of an explosion. Sewers de-
signed to preciude the formation of expiosive concen-
trations of xylene vapors are permitted.

4. If the solid form, allow to melt and treat as in (3)
above.

* Waste disposal method:

Xylene may be disposed of by atomizing in 2 suitable
combustion chamber.
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RESPIRATORY PROTECTION FOR XYLENE (XYLOL)

Condition

Minimum Respiratory Protection®
Required Above 100 ppm

Vapor Concentration

1000 ppm of less

A chemcal carnndge resprator with a full facepiece and an orgamc vapor
cartndge(s).

5000 ppm of less

A gas mask with a chun-styte or a front- or back-mounted organic vapor canister.
Any supphed-air respirator with a full facepiece, helmet, or hood.

Any self-contained breathing apparatus with a fult facepiece.

10,000 ppm or ess

A Type C supplied-air respwator with a full facepiece operated in pressure-
demand or other positive pressure mode or with a full tacepiece, helmet, or hood
operated in continuous-fiow mode.

Greater than 10,000 ppm or
entry and escape from
unknown concentrations

Selt-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode,

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece gpearated in pressure-demand or other positive pressure or gontinu-
ous-flow mode and an auxiiary self-contained breathing apparatus operated 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.
Escape Any gas mask providing protection against organic vapors.

Any escape seil-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.
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Respiratory Protection Program
Revision Leve] 1 1 June 1990

1. RESPIRATORY PROTECTION POLICY STATEMENT

The purpose of this policy statement is to establish the existence of a corporate respiratory
protection program and to reaffirm the commitment of Golder Assodiates Inc., to protecting
the health of its employees. This program defines the responsibilities of management and
employees and specific procedures to implement, administer, and maintain a respiratory
protection program. The respiratory protection program has been developed to meet
applicable federal safety and health regulations and recommendations including 29 CFR

1910.134, Appendix C to CFR 1910.1001, ANSI (American National Standard Institute) Z88.2-
1980, and ANS] Z88.6-1984.

The management of Goider Associates Inc. believes that every employee is entitled to a safe
work place. To that end, Golder Associates Inc. endeavors to provide each employee,

including those engaged in field activities, with a place of employment free from hazards
likely to cause work related illness, injury, or death.

Field operations may present situations in which employees encounter oxygen deficient
atmospheres or the presence of potentially harmful airborne contaminants such as gasses,
vapors, dusts, mists, sprays, smokes, and/or fumes. Effective engineering controls to limit
the exposure to or concentration of hazardous contaminants in field operations may not

always be feasible. Consequently, the employee may need to rely on the use of respiratory
protective devices to protect his or her health.

Golder Associates Inc. will train the employee in the selection and use of respiratory
protective devices. Respirators which are applicable and suitable for the purposes intended
will be provided, where such equipment is necessary to protect the health of the emplovee.

In addition, Galder Associates Inc. will provide baseline physicals and follow-up medical
surveillance at no expense to the employee.

The emplovee must use the provided respiratory protection in accordance with the
established procedures and training received. It is the responsibility of the employee to
guard against damage to the respirator and to immediately inform a designated responsible

person of any respirator defects, or any perceived deficiencies in the respiratory protection
program in general.

The Corporate Health and Safety Officer shall be responsible for the overall
implementation, administration, and evaluation of the respiratory protection program. The
designated Health and Safety Officer at each Golder Associates Inc. office will assist and
support the Corporate Health and Safety Officer in these activities.
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2. LIST OF TERMS

ANSI American National Standard Institute

CFR Code of Federal Regulations

EPA Environmental Protection Agency

HCN Hydrogen Cyanide

H.S Hydrogen Sulfide

IDLH Immediately Dangerous to Life and Health
MSHA Mine Safety and Health Administration

MUC Maximum Use Concentration

NIOSH National Institute for Occupational Safety and Health
OSHA Occupational Safety and Health Administration
OVA Organic Vapor Analyzer

PEL Permissible Exposure Limit

PF Protection Factor

PSI Pounds Per Square Inch (Gauge)

REL NIOSH Recommended Exposure Limit

SCBA Self-Contained Breathing Apparatus

STEL Short Term Exposure Limit

TLV Threshold Limit Value

TWA Time Weighted Average
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3. GENERAL CONSIDERATIONS

The purpose of this document is to establish written standard operating procedures for a
corporate respiratory protection program. Because Golder Associates Inc. is involved in a
wide variety of projects, it is not possible to identify specific respiratory hazards, select
appropriate respirators, and indicate the type of respirator to be issued to each employee for
every conceivable situation in a "standard” operating procedure. This information shall be
addressed in a site-specific health and safety plan for each project that has the potential for
employee exposure to hazardous airborne contaminants.

This document addresses those issues which can be addressed at the program level such as
respiratory program administration, personnel training, respirator fit testing, medical
surveillance, etc. In addition, this document establishes protocols to address those issues
regarding respiratory protection that must be considered on a site specific basis.

Personal respiratory protection devices, when required as a primary means of limiting
employee exposure to potentially harmful concentrations of airborne contaminants or IDLH

atmospheres, shall be used only in accordance with the standard operating procedures
established herein.
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4. PROGRAM ADMINISTRATION, IMPLEMENTATION, AND EVALUATION

4.1 Program Administration and Implementation

The Corporate Health and Safety Officer for Golder Associates Inc. shall have overall
responsibility and authority for establishing and implementing the respiratory protection
program at an administrative level. Each office, permanent or temporary, shall have a

designated Health and Safety officer who shall be responsible for the implementation of the
program at the office level.

Each Project Manager shall be responsible for recognizing the potential need for respiratofy
protection at the planning stage of a project and shall indicate this need when filling out

the Project Information Sheet. The Project Manager must either act as or designate a Site
Health and Safety Coordinator for the project.

The office Health and Safety Officer is responsible for evaluating the appropriate level of
respiratory protection and will prepare the Site Specific Health and Safety Plan in
conjunction with the Project Manager or Site Health and Safety Coordinator. The site

specific plan shall include the type of respiratory protection necessary, the action leveis to
be observed, and other appropriate information.

The Site Heaith and Safety Coordinator shall work closely with the Health and Safety
Officer and will be responsible for implementing applicable standard operating procedures
in the field. Whenever respiratory protection equipment is utilized, the Site Health and
Safetv Coordinator shall record who wore respiratory protective equipment, when the
equipment was worn, where the individual was working at the site, and any other relevant
information in the comment section of the air monitoring data sheet.

4.2 Program Evaluation

The effectiveness of the respiratory protection program shall be evaluated at least annually

under the direction of the Corporate Health and Safety Officer to identify and correct
deficiendcies in the program.

The evaluation shall include consulting individuals who have worn respiratory protection to
determine wearer acceptance and to address any suggestions, complaints, or other concerns.
Employees who have worn respiratory protection are encouraged to provide feedback to

the office Health and Safety Officer and/or the Corporate Health and Safety Officer
regarding the use of personal respiratory protective equipment. This feedback should
include information such as respirator comfort, effect of respirator use on communication,

work performance, vision, breathing, and the individual’s level of personal confidence in
the effectiveness of the program.
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The operation of the program shall be periodically audited to ensure that appropriate
Tespirators are issued, that respirators are properly used, and that all equipment is
maintained in good operating condition. The Site Health and Safety Coordinator and the
Health and Safety Officer shall monitor the use of respirators where employees have been
required to use the equipment. Appropriate entries shall be made in the comment section

of the air monitoring data sheet to monitor the overall applicability of and adherence to the
site safetv plans.

The respiratory program evaluation shall also include an appraisal of the level of protection
afforded through review of air monitoring data sheets, periodic employee physical
examination results, and specific bicassay surveillance of respirator users as necessary. The

purpose of such reviews is to determine that adequate respiratory protection is being
provided.

The results of the above evaluations shall be documented, and shall include plans and
target dates to correct identified program deficiendies.
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5. PROGRAM REQUIREMENTS RELATING TO PERSONNEL

5.1 Physical Qualifications of Personnel

An employee shall be assigned to a task requiring the use of a respirator only after he or
she has been examined and determined to be physically qualified to use respiratory
protective equipment by a licensed physician. At a minimum, employee evaluations shall
meet the requirements of ANSI Z88.6-1984 "American National Standard for Respiratory
Protection - Physical Qualifications for Personnel”. A copy of the physician’s written
evaluation shall be retained in the employee’s confidential personnel file.

5.2 Medical Surveillance of Personnel

A baseline physical will be required for all personnel prior to assignment to a project
requiring respiratory protection. All employees who are or may be exposed to hazardous
substances at a level in excess of an established PEL, TLV, or REL for 30 days or more a
year, and any employees who may have been exposed to hazardous substances at
concentrations above the applicable PEL or TLV in an emergency situation will receive

follow-up medical examinations at least once a year, or as may be deemed prudent under
the circumstances.

A physician shall determine the requirements of each follow-up examination with the
complete cooperation of Golder Associates Inc. At a minimum, Golder Associates Inc. shall
provide the physician with a description of the employee’s duties as they relate to the
employee’s potential exposure, the employee’s exposure levels or anticipated exposure
levels, and a description of any personal protection equipment used, or to be used.
Furthermore, any information from previous medical examinations of the employee which
is not readily available to the examining physician shall be made available to Golder
Associates Inc., the employee, or the employee’s personal physician.

All employee medical records and available exposure records shall be retained in a

confidential personnel file for at least the duration of employment plus thirty years.

5.3 Special Considerations for Respirator Use by Personnel

Employees shall not use any air purifying or air supplying respirator if hair comes between
the sealing periphery of the face piece and the face, or if facial hair interferes with valve
function. This requirement effectively prohibits the use of respirators by persons wearing
beards (even if only several days growth), large sideburns, and large mustaches.
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Eveglasses with temple bars shall not be worn with any respirator having a full face piece.
An employee who wears gas permeable or soft contact lenses may wear these lenses within
the provision of the OSHA memorandum to modify current enforcement procedures
regarding the use of contact lenses with respirators (See Appendix A).

Employees with uncorrected vision poorer than 20/40 with both eyes shall not wear a full
face respirator in any irritating or IDLH atmosphere, unless the face piece is fitted with
corrective lenses or the individual wears gas permeable or soft contact lenses. Corrective

lenses will be provided by Golder Assodiates Inc., if required, for the particular respirator
used.

No employee shall wear any spectacles (including sunglasses), goggle, face shield, welding
shield, or other eye and face protective device which interferes with the seal of a respirator.

Head coverings which pass between the sealing surface of a respirator facepiece and the
wearer's face shall not be used.

5.4 Personnel Training

Every employee required to wear a respirator shall be given training such that he or she is
knowledgeable concerning the characteristics and recognition of respiratory hazards, and
proficient in the use of the respirator(s) that might be worn. The training shall address:

A.  Classification of respiratory hazards according to their physical characteristics
and biological effects;

B.  Respirator selection;

C.  Proper wearing of a respirator;

D.  Limitations of respirators and restrictions on use;

E. Respirator Inspection;

F.  IDLH, oxygen deficient atmospheres, and confined spaces;
G.  Recognition and coping with emergency situations;

H.  Maintenance and storage of respirators;

L Fit testing; and

] Regulations concerning respirator use.
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Refresher training for respirator use shall be provided at least annually. If respirators are
intended for emergency use or in potentially [IDLH atmospheres, then the respirator
training shall be conducted quarterly or on a project specific basis as needed.

Initial respirator training of all employees and all respirator refresher training of Office
Health and Safety Officers shall be administered by or under the direction of the Corporate
Health and Safety Officer. Otherwise, the Office Health and Safety Officers and Site Health
and Safety Coordinators may administer employee refresher training in respirator use.

A written outline of the training program will be maintained and updated annually under
the direction of the Corporate Health and Safety Officer (See Appendix B).

Written records of training will be retained in the employee’s personnel files for at least the
duration of employment plus 5 years.

5.5 Respirator Fit Testing of Personnel

An employee shall wear a respirator, other than a pressure-demand supplied air respirator,
only after being qualitatively fit tested and achieving a satisfactory fit for that particular
brand, model and size respirator. The fit test shail be performed by a trained individual
using isoamyl acetate (banana oil) and stannic oxychloride (irritant smoke) according to the
procedures set forth in Appendix C of 29 CFR 1910.1001 asbestos regulations. (See
Appendix C of this document for Golder Associates Inc. Respirator Fit Test Instructions and
current regulatory procedures).

The employee shall be allowed to pick the most comfortable respirator from a selection of
respirators. The selection shall include (a total of) at least five sizes of elastomeric half face
respirators, from at least two manufacturers. The employee shall then be fit tested with the
selected respirator. Should the selected respirator not seal properly, thus failing the fit test,
the employee shall select another respirator and be fit tested with that respirator. If

necessary, Golder Associates Inc. will order alternate respirators to provide a properly fitting
respirator.

For those situations that the Health and Safety Officer or his designee has determined that
air purifying respirators offer an adequate level of protection, the employee shall be allowed
to use only the specific make(s), model(s), and size(s) of respirator for which he or she
obtained a satisfactory fit. Fit testing shall be repeated at least once per year or whenever
an employee loses or gains in excess of fifteen pounds, or has major dental or cosmetic
surgery which may effect the respirator fit.

A record of respirator fit test results shall be retained in the employees confidential
personnel file with medical records for the duration of employment plus five years. An
additional wallet sized record shall be provided to the employee as shown in Figure 1,
Appendix C. These records shall include:
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A Name of person tested;
B. Date of test;
C.  Type of fit test procedure used;
D.  Specific make, model, and size of respirator tested;
E. Name of person performing test;
F.

Results of fit test, including success or failure to obtain 2 satisfactory seal.
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6. RESPIRATORY PROTECTION EQUIPMENT

6.1 Use of Approved Respirators

Only gas masks approved by the Bureau of Mines under BM Schedule 14F or respirators
approved by MSHA and NIOSH under provisions of 30 CFR 11 may be used. Any
modifications of an approved respirator, or use of any component that is not spedfically

approved for use with an approved respirator by the authorizing agencies voids the
approval.

6.2 Respirator Selection

The following factors must be considered in the selection of appropriate respiratory
protection:

Type of airborne contaminant;

Nature of exposure risk (toxic, carcinogenic, etc.);

Substances present and concentrations (both peak and average levels);
Mechanjsm for toxic effects (asphyxiant, neurological, etc.);

Physical and chernical properties of contaminants;

Health effects at varying exposure levels without proper respiratory protection;
Nature and level of warning properties (color, odor threshold, etc.);

Escape routes, distances, and times; and

Limiting atmospheric conditions - [IDLH and/or oxygen deficient.

» » [ ] - - - » [ ] L

The overall working environment must also be considered in the respiratory selection,
including:

Anfticipated temperature and humidity;
Anticipated period of work with respirator protection;
Expected level of physical exertion, both with and without respirator protection;

Type of additional protective stresses, such as tyvek or encapsulating gear;
Obstructions and terrain restrictions; and
Emergency/escape uses.

{t would not be desirable, for instance, to select a respirator that is heavy, or offers
substantial breathing resistance if the task requires a high-level of physical exertion or
requires the use of respiratory protection for prolonged periods. Closed or confining areas
may restrict SCBA use, while rough terrain or heavy equipment may restrict air line use.
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Respiratory selection must also be based upon:

+ Physical characteristics of the respirator type;

» Functional capabilities and limitations of the respirator; and
« Respirator protection factors.

6.3 Respirator Protection Factor

The protection factor (PF) is defined as the ratio of the concentration of a contaminant in
the ambient air to the concentration inside the respirator in the worker’s breathing zone.
This factor reflects reductions in the concentration of an airborne contaminant and is a
measure of the degree of protection provided to a particular wearer by a particular
respirator. ANSI Z88.2 - 1980, the American National Standard "Practices for Respiratory

Protection” and OSHA assign the following protection factors for various types of
respirators when fitted by the qualitative method:

Type of Respirator ANSI Protection Factor OSHA Protection Factor
Half-face air purifying 10 10

Full-face air purifying 100 50

Powered air purifying respirator 100 50

Demand air supplied respirator 100 50

Pressure demand air supplied respirator 10,000+ 10,000+

w/escape provisions.

Pressure demand airline respirators without escape provisions do not require a fit test since

they are pressure demand devices but are limited to use in atmospheres below IDLH
concentrations.

Golder Associates Inc. projects will rarely require the use of respiratory protection on a
continuous basis, or a protection factor greater than 10. Consequently, the Golder
Associates Inc. respiratory protection program will rely heavily on the use of half-face air

purifying respirators. Air purifying respirators may be used only when all four of the
criteria set forth in 6.4 below are met.

6.4 Air Purifying Respirator Criteria

The following restrictions apply to the use of half-face or full-face air purifying respirators:

A.  The atmosphere is not IDLH;

B.  The atmosphere is not oxygen deficient (i.e., less than 19.5 percent oxygen});
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C.  The airborne contaminants exhibit good wamning properties or the atmosphere
is monitored continuously; and

D.  The concentration of airborne contaminants is known and is below the product
of the PEL or TLV times the PF (Maximum Concentration = TLV x PF) or the
maximum approved capability of the cartridge, whichever is lower.

The Project Manager and the Site Health and Safety Coordinator have the responsibility to
verify that all of the above criteria for the use of air purifying respirators, particularly Item
D, are met. In those instances where it has been determined that an air purifying respirator
will provide an adequate level of protection, the employee shall be allowed to use an air
purifying respirator only after receiving a physician’s approval, adequate training and
proper fit-testing as indicated in Section 5. The Site Health and Safety Coordinator shall

ensure that each employee is provided with approved fresh cariridges appropriate for the
{presumably) known respiratory hazard(s).

6.5 SCBA Criteria

Pressure demand SCBA or pressure demand air line respirator with escape bottle must be
used in the following situations:

A.  IDLH atmosphere;

B.  Oxygen deficient atmosphere;

C. Unknown concentration of unknown airborne contaminants; and
D.  Emergency rescue in contaminated or oxygen deficient atmosphere.

Cnly "Grade D" or better breathing quality air may be used with supplied air respirators.

6.6 Respiratory Selection Decision Logic

An appropriate respirator shall be selected based on the criteria presented in 6.4 and 6.5 and

the decision logic presented in Figure 2, Appendix D. The ergonomics and logistics of the
specific task at hand should also be considered.

6.7 Issuance of Respirators

Any employee assigned to a project that may require the use of respiratory protection may
be issued an appropriate respirator only after the employee has received a baseline physical,
respirator training, and fit testing for the specific respirator. The Project Manager or the

Site Health and Safety Coordinator shall ensure that each employee is provided with
appropriate cartridges.
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The person issuing respirators to persons who must wear respirators for protection against

harmful atmospheres shall be given adequate training to ensure that the correct respirator
is issued.

6.8 Respirator Inspection and Maintenance

Each employee assigned to a task which may require the use of respiratory protection shall
be trained in proper inspection and maintenance procedures for his or her respirator.

The respirator shall be inspected by the wearer prior to each use to determine that it is in
proper working condition. In the case of an air purifying respirator, this will include
inspection of the inhalation and exhalation valves for creases, tears, poor seating, foreign
material, (dirt and dust) etc., examination of all rubber or elastomeric parts for signs of
deterioration, verification that the respirator is equipped with appropriate cartridges and
that they are not expired, and evaluation of the overall condition of the respirator.

In the case of a self-contained breathing apparatus, the employee will follow the inspection
and donning procedures specified by the manufacturer and the training received.

Each respirator wearer shall check the seal of the respirator by appropriate means prior to
entering a harmful atmosphere. In the case of "negative pressure” air purifying respirators,
this will consist of creating a negative pressure (inhaling) while covering the cartridge(s),
and creating a positive pressure (exhaling) while covering the exhalation vaive. The
employee should be able to achieve and maintain a slight negative and positive pressure
with no obvious leaks with a properly fitted mask.

Each emplovee shall be responsible for the proper cleaning and routine maintenance of his
or her respirator. Each employee shall inspect his or her respirator for missing, worn or
deteriorated parts, or any other defects and return the respirator to the Site Health and
Safety Coordinator for repair or replacement. Repairs to air supplying respirators other
than routine maintenance, are to be performed only by certified technicians.

6.9 Respirator Storage

Respirators shall be stored in a manner that will protect them against dust, sunlight, heat,
extreme cold, excessive moisture, or damaging chemicals. Respirators shall be stored to
prevent distortion of rubber or other elastomeric parts. Respirators shall not be stored in
such places as foot lockers or tool boxes unless they are protected from contamination,
distortion, and damage. Self contained breathing apparatus which are in work areas for
emergency use must be "full” i.e., at least 1800 psi and quickly accessible at all times, and the
storage cabinet or container in which they are stored shall be clearly marked. Each SCBA
stored for emergency or rescue use shall be inspected at least once a month. The date and
results of the inspection shall be recorded and maintained with the respirator.
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7. RESPIRATORY HAZARD RECOGNITION AND EVALUATION

7.1 General Hazard Identification

Golder Associates Inc. has the responsibility to evaluate the hazards associated with any
and all field activities associated with its work. The Project Manager or his designee shall
investigate the history of a site to the extent necessary to assess and/or characterize
potential hazards. The identity and relative concentration of the constituents must be
determined, to the extent possible, whenever the presence of chemical contaminant is
suspected in the air, soil or groundwater under investigation.

7.2 Site-Specific Health and Safety Plan

The nature of the potential hazard (constituent makeup, concentration and exposure
periods) shall be considered in order to establish employee protection procedures. The
identified hazards and protection procedures will be incorporated into the site-specific
health and safety plan. This plan will include, at 2 minimum:

Site Characterization;

Nature of the hazard;

Exposures expected;

Appropriate protective equipment;

Appropriate monitoring equipment and action levels;
Escape procedures and contingency measures; and
Contacts, i.e., appropriate response agencies.

7.3 Protection Criteria

In those instances where existing data or a detailed site history indicate that chemical
concentrations are very low, or there are only a few potential contaminants, the Health and
Safety Officer may be able to establish an appropriate respiratory protection strategy based

on the relative toxicity of contaminants, comparison of odor thresholds to PELs or TLVs,
etc.

When contamination is known or expected to exist in significant (but below [DLH)
concentrations, when the contaminants are unknown, or when there are many possible

contaminants, only two possible respiratory protection alternatives are permissible unti] the
respiratory hazard is positively identified and characterized:

A.  The use of pressure demand air supplied respiratory protection, or
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B.  The use of air purifying respirator, while continuously monitoring workers
breathing zones with an appropriate direct reading instrument such as an HNu
PI-101, a Photovac "Microtip” or a Foxboro OVA (organic vapor analyzer) for
organics, an MSA 361 for H,S, or Draeger tubes for specific compounds such as
HCN. This option is permissible only where allowable exposure limits,
instrument response factors, and/or designated action levels are sufficient to
adequately protect employee health.

Where the site history or nature of potential airborne contaminants is unknown, the action
level for the use of an air purifying respirator shall be any consistent reading in the
worker’s breathing zone above the upwind background level. Readings in excess of 5 ppm
above background shall require a full face pressure demand air supplying respirator or
pressure demand SCBA. These are generally accepted action levels as specified in the EPA
Standard Operating Safety Guides but they should not be applied blindly nor adhered to in
deference to observed site conditions and/or good judgement. These guidelines should be
adjusted (either higher or lower as appropriate) based on available information and

observed site conditions ie. the presence or absence of visible waste/contamination,
perceptible odors, etc.

Air purifying respirators equipped with organic vapor/acid gas cartridges are quite effective
in removing certain highly toxic gases such as H,S and HCN, but are not approved for such
use due to the potential for IDLH conditions. In such cases, the use of cartridge type air
purifving respirators at concentrations in excess of the eight hour TLV, STEL or TLV ceiling
value is permitted only for escape. Continuous exposure to the Hjy5, HCN, or other acutely
toxic substances at concentrations in excess of the respective allowable exposure limits
require the use of pressure demand air supplying respirators.

7.4 Air Monitoring and Action Levels

When the contaminants are known, or have been positively identified by an approprnate
sampling strategy, the Health and Safety Officer or the Site Health and Safety Coordinator
shall select appropriate air monitoring instrumentation and implement an air monitoring
regimen comunensurate with the perceived degree of respiratory hazard.

The action level for the use of respiratory protection shall be determined as follows:

A.  Identify the "critical” contaminant(s). This will depend on a number of factors

including relative concentration, relative toxicity, vapor pressure, odor
threshold, etc.

B.  Identify the instrument response (in percent) to the critical contaminant(s).
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C.  Muldply the instrument response times the TLV or PEL of the critical
contaminant (whichever is lower).

For example, assuming that trichloroethylene (TCE) is identified as the critical contaminant
(TLV-50 ppm) and the OVA response to TCE is 70 percent, the action level for the use of
respiratory protection will be 0.7 x 50 ppm = 35 ppm as measured on an OVA. Good
industrial hygiene practice however, requires that a reasonable safety factor (such as "2") be
applied to allow for any possible synergistic effects of mixtures of contaminants. In the
above case, this results in an action level of 35 ppm/2 = 17.5 ppm (rounded to 15 or 20
ppm).

The maximum allowable concentration for the use of a particular type of respirator shall be
the action level determined according to the procedures specified above, times the
protection factor for the particular respirator. Using the example above, the maximum
allowable concentration for a half-face respirator as determined on an OVA will be

17.5 ppm x 10 (PF) = 175 ppm.

These maximum allowable concentrations may be adjusted based on the professional

judgement of a qualified health and safety professional. If there is any question, consult a
designated Health and Safety Officer.

Air monitoring equipment shall be dedicated to projects on an "as available® basis in the
following order of priority:

A.  Sites falling under the requirements of 29 CFR 1910.120 (RCRA clean-ups,
CERCLA remedial actions, hazardous matenials spills, etc.); and Sites where
there are known high-levels of contamination or where high levels may be
reasonably anticipated {abandoned municipal landfills, etc.);

B. Sites where unanticipated contamination is discovered; and

C. All other sites,

When existing data or a preliminary site characterization indicates the need for air
monitoring instrumentation, and Golder Associates Inc. equipment is not available, it shall

be the responsibility of the Project Manager to secure the necessary instrument(s) prior to
starting site work.
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8. EMERGENCY AND CONTINGENCY USE OF RESPIRATORY
PROTECTION EQUIPMENT

Continuous use of respiratory protection, or a need for a protection factor greater than 10,
is rarely required on projects involving Golder Associates Inc. Consequently, the Golder
Associates Inc. respiratory program will frequently involve the use of air purifying
respirators. Because respiratory protection will not be required continuously on most
projects, in many situations, the use of a half-face respirator may in itself represent the
“contingency plan”. Occasionally, air purifying respirators may actually be required to bring
employee exposures within allowable TLVs or PELS on a continuous basis. It is this type of

intermittent or occasional use that typically results in the greatest potential for improper use
and/or abuse of air purifying respirators.

On those sites where the possibility of chemical contamination has been recognized, a
preliminary site characterization must be prepared and, if justified, 2 monitoring instrument
must be available on-site. Under these circumstances, if chemical contamination is indeed
encountered, work may proceed and air purifying respirators may be employed within the

limits discussed under Respirator Selection Criteria, and Hazard Recognition and
Evaluation.

In the event that chemical contamination is encountered on a site where it had been
completely unanticipated, and air monitoring equipment is not available, work activities
shall be modified (moved to another location) or halted. Appropriate changes to the
program will be developed in concert with the site personnel, the Project Manager, the
Golder Associates inc. Health and Safety Officer, and the client. Implementation of an
appropriate air monitoring strategy will be required prior to restarting the project.

Should air contamination levels exceed the maximum allowable concentrations of the
available respiratory protection, or should a situation arise which is obviously beyond the
scope of the specified respiratory protection strategy (such as a sudden release), workers
shall don their respirators if they have not done so already, and immediately jeave the area.

At a minimum, "5 minute” self contained escape packs shall be issued whenever there is

any recognized possibility of 2 sudden release exceeding the capabilities of cartridge type
air purifying respirators.

No employee shall enter an IDLH atmosphere or attempt any emergency repair or rescue
requiring the use of an SCBA unless a back-up person, also equipped with an SCBA, is
standing by and is in constant visual or voice communication with that employee. No
back-up person shall enter any IDLH atmosphere and attempt any emergency response
before notifying a second back-up person or persons. Under no circumstances shall a
Golder Associates Inc. employee deliberately enter a confined space without a backup
person equipped with a pressure demand SCBA or airline respirator with escape provisions

unless it is in accordance with written site specific confined space entry procedures
addressed in the Health and Safety plan.
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8 MEMORANDUM FOR: REGIONAL‘ADMINISTRATORS
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THROUGH: (*<£eo barcy,“nlroctor
SO
i

ffice of Pield Programs

FROM: . Thomas Shepich, Director ,
Directorate of Compliance rans

SUBJECT: contact Lenses Used Witn

espirators
{29 CFR 1910.34(e) (5) (i4)

— Section 1910.134(e) (S) (11), in part, reads, "... Wearing of

_ contact lenses in contaminated atmospheres witn a respirator
shall not be allowed...,." Tnis wording was adopted in 1971 into

OSHA's standards without change from the American National
Standardg "Practices for Respiratory Protection,® ANSI 288,2-
1969, in accordance witn Section 6(a) of the Occupational Safety
and Healtn Act of 1970, Tne current ANSI 288.2-1980 standard
also incluces tnis restriction on tne wearing of contact lenses,

OSHA nas frequently been asked why tne pronibition on contact \\y,»~

lenses is incluced in our requitements and, as a result, the

- matter has been investigated, including the funding of a researcn
project on the wearing of contact lenses by firefignhters using
full facepiece respirators, Current members of the ANSI Z88.2
Committee nave suggested hypothetical scenarios whicn they

_ believe would have supported tne prohibition. However, actual
incidents resulting in employee exposure to inhalation hazards or
to eye hazards wnich were aggravated by the use of contact lenses

- were not forthcoming from the ANSI Comnittee members contacted.

Thne uncertainty of reasons for the pronhibition on contact lens

use prompted funding of tne reseazcn project concucted by

- Lawrence Livermore National Laboratories (LLNL). A copy of the

final LLNL report {s attached for your information.

Recommendations contained in the LLNL report read, °Based on a
numerical analysis of the responses to the questionnaire, our
follow-up interviews witn those inaicating tne worst problens,
and reading the 829 comments on positive or negative experiences
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with contacts, we believe the pronibition against wearing con-
tacts wnile using a full-facepiece respirator snould be revoked
or witndrawn. Wearers of corrective lenses would have the opticn
of wearing either contacts or eyeglasses witn tneir full face-
piece respirators. One must keep in mind, however, that some
people do not adapt well to contacts.

If tne person cannot comfortably wear contacts in everyday non-
work situations, tnen he will probably not adapt well to using
tnem with a full-facepiece respirator. Also, a person's facial
shape and eyeglass prescription may be such that nhe cannot obtain
and retain a proper alignment of his eyeglasses {nside the full-
facepiece. In tnis case, he would have to wear contacts, or nho
corrective lenses at all.... Considering the severe conditions
under wnich firefighters must work, we believe it is unlikely
that tne working conditions of any other SCBA users would pre-
clude tne similar use of contact lenses. Tnis would also include
negative~-pressure air-purifying respicators,” Other reports and
articles (list attached) have been reviewed which further support
that the pronibition in the current standards is unwaranted,

Altnougn, tne LLNL report deals specifically with firefignters
and full-facepiece SCBA's, OSHA knows of no reason why other work
situations and types of respirators would present greater nazards
relevant to wearing contact lenses. Therefore, this memorandum
applies to all respirator use in all workplaces unless specific
information snould become available which indicates a hazard
which has not been considered.

Even though much of the material mentioned above applies to all
types of contact lenses, OSHA staff wisnes to furtner investigate
the issue of non gas permeable nard.contact lenses before com-
pletely suspending the pronibition, since the original pronibi-
tion in ANSI 287.1 was adopted wnen the use of tnis type of nard
lens was prevalent.

In consideration of tne results of our investiqation, and in
accordance with the Agency's intent to modify the rule, an
interim enforcement policy is appropriate. Accordingly, this
memorandum modifies curtent enforcement procedures as followss

1. Violations of the respirator standard involving the use
of gas permeable and soft contact lenses snall continue
to be documented in the case file and tecorded as de
ninimis; citations snall not be 1ssuedz



Evidence indicating any negative effect associated witn
the use of contact lenses with respirators should be
provided to this office. Benefits assoclated with the

use of contact lenses with respirators would alsoc be
useful to tnis office.

The issue with non gas permeable hard contact lenses will be

resolved in the revision effort for §1910.134 wnich is now
— underway.
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Slide No.

RESPIRATORY PROTECTION TRAINING PROGRAM

SLIDE PRESENTATION

Topic

Title - Respiratory Protection

Respiratory protection is probably the most important method of
"controling" health hazards on a hazardous waste site.

Applicable standards and regulations:

ANS| Z88.2-1980 Consensus standards for use of respiratory
protection

ANSI Z88.6-1984 - Z288.2 requires "physician’s approval" so Z88.6
was develcped to establish criteria for physical qualifications

OSHA 29CFR1910.134 - OSHA standards for general industry -
respiratory protection - adopted directory from ANSI Z88.2-1969

Acceptable methods of compliance with allowable exposure limits,
in order of preference. By law, the employer must implement
‘feasible engineering controls" prior to resorting to respiratory
protection. - What are some examples of engineering controls on
a hazardous waste investigation?

Permissible use of respirators
Respiratory protection may be used before engineering controls
are installed (on an interim basis), after engineering controls are

installed if levels are still in excess of PELs, during periodic

maintenance procedures, and in emergencies for escape and/or
rescue.

ANS| 288.2-1869 -revised in 1980

B-1

Golder Associates



8..8..10.,11.

Emplover's Responsibilities

Employees’ responsibilities

Reguiations require employers to implement an ‘effective
respiratory protective program. The foliowing elements are
required in an "effective" program.

1.

2.

Must have a writtén respiratory protection program.

Program management must be assigned to one person with
sufficient knowledge of respiratory protection to implement
an effective program.

An employee may use respiratory protection only after being
examined by a licensed physician (according to criteria
established in Z288.6) and found to be physically qualified to
use such equipment.

Only respirators grandfathered under the Bureau of Mines or
approved by NIOSH and MSHA may be used. Only parts
that have been approved specifically for the particular make

and mode! respirator in which they are to be used are
permitted.

An effective program must designate specific criteria for
selecting appropriate respiratory protection including:

a) the nature of the hazardous cperation

b} type of hazard - oxygen deficiency, toxic gases and
vapors, radionuclides, etc.

¢} location relative to clean air - Why is this important?

d) temporal properties of exposure - Are the exposure
levels relatively constant, or are there wide excursions
over time?

B-2
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10.

1.

e)  worker activities - does the work reguire a great deai
of mobility? Does the work require a great deal of
physical exertion? etc.

f) the respirator protection factor (more about this later)

g} and finally, the physical characteristics and functional
capabilities of the respirator itseif.

Training - All personnel required to use respiratory protection
must receive training in the selection, limitations, use, and
care and maintenance of the equipment they may be using.

Fit testing - All personnel using “negative pressure"
respirators must be fit tested in a test atmosphere according
to prescribed procedures, for the specific size, make and
model that they wili be using.

Policy on facial hair, eyeglasses, use of contact lenses, etc.

- No facial hair which may compromise the face mask
seal is a alfowed.

- Eyeglasses with temple bars that break the face mask
seal are not allowed. For those who must wear
glasses, only spectacies approved for the particular
make and modei {full-face) respirator may be used.

. Historically, industrial hygiene "lore" has maintained that
you can't use contact lenses with respiratory
protection. There is no basis for this in fact - Refer to
OSHA February 8, 1988 enforcement directive.

Program must establish procedures for issuing respirators.
You don't just go grab one when you think you may need it.

Respirators must be inspected prior to use - straps, face

piece, inhalation vaives, exhalation valves, required gaskets,
etc.

Program managers or designees must monitor empioyees’
use of respirators.

B-3
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14.

12

13.

14.

18,

Whenever air purifying respirators are used, you must
perform sufficient air monitoring to verify that conditions are
not changing to the extent that the capabilities of the
respirator are being exceeded.

Medical Surveillance - Employees who use respiratory
protection on a reguiar basis or for protection against
specific toxic substances (eg. pesticides) must be included
in an appropriate medicat surveillance program.

There must be established procedures for maintenance.

Finally, the program manager must periodically evaluate the
effectiveness of the program and correct recognized
deficiencies.

Types of Respiratory Hazards

Physiclogical impairment does not typically begin to occur until
you get down to approximately 16% (120mm Hg) O, OSHA's
definition of an oxygen deficient atmosphere is more stringent -
anything below 19.5%.

Types of Particulate Hazards - has direct bearing on type of filter
required

1.

Dust - typically formed by mechanical processes - grinding,
crushing, erosion, etc.

Mist - liquid aerosol such as atomized spray.

Fume - extremely small particulate formed by condensation
of vaporized metal i.e. welding “fumes".

B-4
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5.

16.

17.

18.

19.

Gas and Vapor Hazards

1. lnert (simple asphyxiant)

2. Acid
3 Alkaline
4. Qrganic

Don’t forget chemical asphyxiants such as HCN and CO.

Definition of IDLH

- Note: IDLH conditions are not limited to those which will
resuit in immediate effects. IDLH conditions also include
situations which may pose an immediate hazard of delayed
heaith effects such as exposure 10 radionuciides.

Two basic categories of respirators.
Air purifying respirators - which filter or clean ambient air

Air supplying respirators - which provide an air supply
independent of the (contaminated) atmosphere

Examples of each -

Half face air purifying respirator
Open circuit SCBA

Air purifying respirators may be categorized by the type of
contaminant they are designed for, whether they are disposable
or non disposable, or the type of face piece. Powered air
purifying respirators (PAPRs) are a special case. They are
basically the same thing as an air purifying respirator with the
addition of a pump which forces air under positive pressure to the
face mask. PAPRs are typically used for particulate hazards and
find wide applications in the asbestos industry.
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20.

21.

23.

24.

25.

28.

27.

28.

29.

Hat{-face, air purifying respirator.

Examples of "gas masks" or canister air purifying respirators with
full face pieces.

Powered air purifying respirator. Take a good look because this
is the only time you'll ever see a welder wearing a respirator.

Color codes for cartridges and gas mask canisters. - There are
specific cartridges for specific hazards and you have to know
which is which. Remember black (organic vapors), yellow (organic
vapor, acid gases), green (ammonia and amines), and purpie
(HEPA -high efficiency particulate air filters).

Air purifying respirator with acid gas cartridges and "snap-on" dust
and mist (not fume) fiiters.

Air purifying respirator with combination organic vapor (black)
HEPA fiiter (purple) carntridges.

There are two basic categories of air supplying respirators: Air
line, and seif-contained (BYOA - bring your own air)

Exampie of air line - lightweight, comfortable and indefinite supply
of air, but you're attached to a hose and limited to 300 feet (by
regulations) of travel.

Self-contained breathing apparatus - You're independent of any
fixed air supply, but they are heavy (28-35 pounds) and
cumbersome, and only provide about 30 minutes of air.

Two types of self contained breathing apparatus: Open circuit
(classic SCBA) and closed circuit (rebreathers).
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30.

32.

33

Examples of each - Clased circuit SCBAs find wide application in
mine rescue. They provide a 2 to 3 hour air "supply” (you actually
breath the same slug of air over and over again) but there is really

no such thing as a positive pressure (pressure demand) closed
circuit SCBA.

Types of Open Circuit SCBAs.

1.  Demand - provides air only when you create a negative
pressure in mask by inhaling.

2. Pressure-demand - provides air only when you demand it by
inhaling, but always maintains a positive pressure in the face
piece.

3. Combination - Some units have a demand - pressure
demand switch or lever. Demand mode is convenient for
donning respirator.

Demand type apparatus - The green hose at the bottom left is the
air hose to your face mask. When you inhale, you create a
negative pressure and “suck up" the rubber diaphragm in the
regulator which opens the admission vaive and gives you a shot
of air - "upon demand', A momentary negative pressure is
created when you inhale. Note: by-pass valve by passes
regulator entirely and introduces air directly form SCBA cylinder.

What would happen it you opened the by-pass and covered the
outlet?

The only difference between the demand and pressure demand
units are these two 10 cent springs. The spring behind the
diaphragm fools the diaphragm into thinking you are always
demanding air. The spring behind the exhalation valve tends to
hold the exhaiation valve shut, which creates a slight back
(positive) pressure in the mask. The back pressure balances the
spring behind the diaphragm. So once the egquiiibrium positive
pressure is established, there is no air flow unless you inhale and
demand it. If there are any leaks, it will be impossible to establish
the back pressure required to push the diaphragm down and
there will be air flow gut of the mask.
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34.

36.

37.

39.

Air-iine respirators may be demand, pressure-demand, or
constant-flow. Constant-flow air-lines are typicaily only used with
compressors supplying a continuous unlimited supply of air (for
cbvious reasons). What are considerations regarding the location
of the compressor?

Graphical illustration of available air supplying respirators. it's not
as complicated as it looks. Note “combination” air-line, SCBAs at
bottom. (See next slide)

Air line systems used in IDLH atmospheres must be equipped with
5 minute seif-contained escape bottles as shown here. So if a
front-end loader operator parks his rig on your air-line, you can
turn on your 5 minute escape bottle and get out. Note: S minute
escape bottles may be used only for escape.

Combination SCBA-airline is shown on the right. it's an SCBA with
a connection for an airline on the reguiator. You can have the
airlines laid out through pipes, over rafters, etc., walk into the work
area on the SCBA, hook up to the airline, and work for three
hours. When you're done, you disconnect the airline and walk-out
by any convenient route on the SCBA. It's the best of both worlds

except that you have a 30 pound SCBA on your back the whole
time.

The "Respirator Protection Factor' is an important concept.

It is the concentration of a contaminant in the air relative to the
concentration inside of the mask. So if there’s 100ppm of xylene

in the air and 1ppm inside of your mask, the protection factor is
100.

Prior to using any respirator other than a pressure-demand
supplied air respirator, employees must pass a fit test for the exact
make, model, and size respirator they will be using. There are two
types of fit tests: qualitative and quantitative.
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40.

41,

42.

43.

44,

45.

in a quantitative fit test as shown here, they actually measure the
concentration of a test substance in the test atmosphere and
inside of the mask, and calculate the actual protection factor for
that person and that respirator.

This is the NIOSH respirator fit testing institute for the deaf.

When you are trying to determine whether or not an air purifying
respirator will provide an adequate level of protection for a given
contaminant, you have to consider the protection factor, and the
limitations of the cartridge or canister. Organic vapor cartridges
contain less than 200 ccs of activated carbon. I you read the
label it says "Not to be used in atmospheres exceeding .1% (1000
ppm) total organic vapor by volume.

"Super Size" canisters contain over ten times more adsorbent

material and can be used in much higher concentrations of
contaminants.

Regardless of the quantitative fit test resuits i.e. the measured
"protection factor', the concentration of airborne contaminants
cannot exceed the stated maximum use concentration of the filter
cartridge or canister.

In other words, the maximum concentration in which you can use
a particular respirator is equal to the allowable exposure limit such
as the PEL, TLV or REL as applicabie, times the protection factor -
or the MUC stated on the cartridge - whichever is lower.

For exampie, if the TLV of carbon tetrachloride is 5 ppm, and a
respirator has a protection factor of *10', the maximum
concentration in which you can use that respirator is 5 ppm x 10
or 50 ppm. The TLV of 1,1,1, TCA is 350 ppm. Ten times 350
equals 3500 ppm but the cartridge says “Not to be used in
atmospheres exceeding .1% total organic vapor by volume” so the
limit in this case is 1000 ppm.
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46.

48.

49.

50.

51.

In the case of a hazardous waste site you have to check the
QSHA PELs, the ACGIH TLVs, and the NIOSH RELs.

Not many respiratory protection programs provide for quantitative
ft testing. So OSHA assigns allowable protection factors for
different respirators provided the empioyee passes a gualitative fit
performed according to specific procedures spelled out in the
OSHA lead and asbestos standards. The qualitative fit test
protection factor for a half face air purifying respirator is *10". itis
"50" for a full face APR just because full face masks don't have to
negotiate the bridge of the nose, and tend to offer a better fit. Full
face respirators are still iimited by the same cartridges as a half
face respirator (unless it's a canister "gas mask").

ook at the difference in the allowable protection factors between
otherwise identical demand and pressure-demand SCBAs. The
demand SCBA is 50 - the same as a fuil face air purifying
respirator. The pressure demand SCBA is 10,000+. | think OSHA
is trying to tell us something.

Pressure demand airline with escape provisions is the same as the
pressure demand SCBA; 10,000+. What do you suppose the limit
i on pressure demand air line respirators without escape
provisions? - No fit test is required because of pressure demand,
but they are restricted to use in atmospheres below the IDLH
concentration of the contaminants of concern.

Employees must have documentation of fit test results on their
person when wearing any respirator which requires such a test.

Respirator selection is the most important, and unfortunately the
most complex aspect of the respiratory protection program.
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52..83.

54.

When dstermining the appropriate respirator for a given situation
you must consider:

1. The allowable exposure limit of the contaminant(s).
2. The maximum (worst case) concentrations expected.

3. Is the atmosphere oxygen deficient?

4.  OrIDLH?

5. Does the contaminant have adequate warning properties?
What do we mean by warning properties and why is that
important? Refer to and discuss Appendix F in course

manual - Appendix |l Warning Concentration of Various
Chemicals, pages 2-17 - 2-34

6. What are the cartridge/canister limitations? Refer to and
discuss Appendix F in course manual - Table 2-2 Effect of

Solvent Vapor on Respirator Cartridge Efficiency, pages 2-8 -
2-10.

7. What is the allowable "protection factor'?
8. What are the task mobility requirements?

Q. What is the intended use?

An air purifying respirator may be used only when all four of the
criteria shown here are met. We can buy ourselves a littie slack
on 3 and 4 it we are monitoring continucusly with direct reading

instruments and establish appropriate action levels for upgrading
to supplied air.

Pressure demand SCBAs or pressure demand airlines with escape

provisions must be worn if any one of these conditions are
present.

Note: Airlines must be pressure demand but escape provisions

are not required in atmospheres that are oxygen deficient but not
otherwise IDLH.
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56.

57.

Otherwise any demand or pressure demand respirator with an

adeguate protection factor for the anticipated hazards may be
used.

Lets go through this exercise:

Based on the information given, what type of respirator would be
appropriate in each of these situations?

1500 ppm TCA Pressure demand SCBA or pressure
demand airline with escape provisions -
Why?

500 ppm TCA Half Face APR with organic vapor
cartridges.

40 ppm 1,1,0CE Look at the TLV and the odor threshoid. |f
you were monitoring continuously with a
direct reading instrument and the 40 ppm
was a brief peak you could use an air
purifying respirator, otherwise some type of
supplied air would be required.

200 ppm TCE Half face APR

re. 50 ppm TLV

200 ppm TCE Half face APR

re. 25 ppm REL might consider fuil face APR (PF=50)

20 ppm H.S Must use pressure demand supplied air if
concentrations are greater than TLV.
Remember?

12 ppm Cl, Why not a full face air puritying respirator?

Look at the cartridge - Not to be used in
atmospheres containing more than 10 ppm
chlorine. Must be supplied air.

VIEW AND DISCUSS AIR PURIFYING RESPIRATOR VIDEO TAPE

SCBA CHECK OUT AND DONNING PROCEDURES AND HANDS
ON EXERCISE
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I1 VIEW AND DISCUSS AIR PURIFYING
RESPIRATOR VIDED TAPE

Air Purifying
Respirators

©1986 ITS Corp., Marlton, NJ 08053
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AUDIOVISUAL PROGRAM OUTLINE {118 Frames; length 24:00)
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1 SCBA HANDS-ON
CHECKOUT AND DONNING PROCEDURE
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SCBA Exercise B-1 993-1014

Purpose of Exercise

1. To familiarize you with the equipment - including the different types of SCBAs.
= To use air:
a.  To become comfortable and confident with using supplied air respirators.
b.  To become familiar with your limitations when using an SCBA.
¢.  To become familiar with your time of use.
3. To set up and use a cascade system to fill SCBAs.

4. To become familiar with the differences and limitations of the equipment.
SCBA CHECK OUT

1) Remove the unit from the case. Check the integrity of all straps, buckles (male and

female ends), back pack (screws and rivets). Check that bottle is securely fastened to
back pack.

) Check the Mask to see if it is:

. Intact
. Seal soft and pliable - so it conforms to your face.
Then check:
. Hoses for breaks, cracks, cuts, inspect the corrugations between accordion

hoses for cracks.

. Pull on the hose attached to the mask to see if it comes off. If it comes off,
good, better now than later.

3)  Check Diaphragm
The diaphragm is located in the regulator assembly.

. Blow and then suck (inhale) on the regulator outlet - a popping sound should

be heard and the ability to blow or suck air through the regulatory should stop
abruptly.
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SCBA Exercise B2 993-1014

If there is no pop or if you can continue to blow air through the regulator - DO NOT
USE THE SCBA.

a.  Drager diaphragm connects to the face piece.

b.  Scott diaphragm is on the chest harness with the gage (cover entire opening
and blow).

c. MSA diaphragm is in the regulator located on the belt with the gage.
4)  Check "O" Ring
All SCBAs have an "O" ring in the high pressure line at the connection to the tank

(including air line escape bottles). Conical fitting into tank requires an O ring. If the O

ring is present and intact, the high pressure connection to the SCBA bottle should require
fightening only by hand.

If the O ring is missing, cracked or chipped, replace it. Do not use without O ring. Do not
use a wrench to tighten.

O-ring location:

a.  Drager - on frame where the SCBA bottle connects to the back-pack.
b.  Scott - at SCBA tank end of the high pressure air line.

¢.  MB5A - at SUBA tank end of the high pressure air line.

The SCBA must be filled with air to complete the check-out procedure. Check SCBA tank
pressure. Emergency SCBAs must be stored "full”.

Normal pressure tanks - 1800 - 2400 psi.
With normal pressure at 2200 psi.
1800 psi is minimum legal pressure for emergency use.

High pressure SCBAs hold around 4500 psi.

We do not have any of these because there have been numerous problems with high
pressure SCBAs and it is hard to get a 4500 psi air supply.

If tank does not have at least 1800 psi - disconnect the tank from the back pack/frame and
fill.

Tank filling - Cascade System

The cascade system is a number of air cylinders (usually 4 or 6) connected in series by high
pressure charging lines. If all of the cylinders are full, the first air cylinder (simply for
convenience) or the cylinder having the lowest psi will be used first to fill the SCBA tank
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SCEA Exercise B-3 993-1014

To fill SCBA tank:

Ensure that all valves are closed (ie. air cylinders, SCBA tank, bleed valve, and
the main valve)

Open the air cylinder at the end of the cascade and let a little air flow through
the charging lines. Then close the air cylinder. By letting air flow through the
charging lines before you fill up the SCBA, you have taken out any potential
contaminants or moisture that may have condensed in the lines. This prevents
moisturized air from getting into your SCBA tank and rusting it.

Connect the SCBA bottle to the cascade filler line. Place the SCBA bottle on the
ground and stand clear of it. .

Open the air cylinder with the lowest psi, open the main valve in the charging
line (if present), and open the SCBA tank

Allow the air cylinder to fill the SCBA tank, slowly. The SCBA tank shouid not
become hot during the filling process. If it does, slow down your rate of filling
the tank. This should not be a problem if there is 500-800 psi differential
between the supply cylinder and the SCBA tank. However if the supply
cylinder is full (2200 psi) and the SCBA is empty (0 psi) fill siowly untl the
"cascade” or lower to higher pressure system of supply cylinders is established.
Allow the SCBA tank to come to equilibrium with the air cylinder. Once this
has been accomplished, close the air cylinder valve.

Open the next highest pressure air cylinder. Ensure that only one air cylinder
is open at a time because if more than one is open the pressures in the cascade

system air cylinders will equalize. Fill the SCBA tank until both the cylinder
and the tank are at equilibrium.

Continue to use the air cylinders from longest to highest pressure until either
the SCBA tank is full (Jegally at least 1800 psi) or until all air cylinders have
pressures below 1800 psi. Once all air cylinders have pressures below 1800 psi,
remove the air cylinder with the lowest pressure and replace it with a full air
cylinder. Remember this new air cylinder will be used last since the lowest air
cylinder is used to fill the tank first.

Before removing the SCBA tank from the cascade system, ensure that all valves
are closed and open and bleed valve to bleed off the pressure in the charging
line. Before removing an air cylinder from the cascade system, you must bleed
off all pressure in the charging lines.
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SCBA Exercise B-4 993-1014

With full tank check:

a.  Gage on the SCBA to see if it is similar to the gage reading on the tank

b.  Low pressure alarm. Note! The low pressure alarm may be checked more
conveniently after donning the SCBA.

(The Instructor will go through each SCBA and then each person will do their own.)

MSA

MSA is a pressure-demand system - it is always in the positive pressure or pressure demand
mode.

. Start with all valves closed.

. Open SCBA tank valve. Alarm bell will ring as pressure in line passes "up”
through 500 psi.

. Close SCBA tank valve.

. Cover the breathing air outlet from the regulator with your hand and open
main line valve (round and gold). Gage on SCBA will show "0" - before the
mainline valve is opened. Afterwards, pressure gage should jump to

approximately pressure in tank. The pressures should be close; however, they
are never the same.

. The pressure reading on the gauge should hold steady. If the pressure reading
drops it is indicative of a leak somewhere in the regulator.

Testing - Low Pressure Alarm

Need to bleed the pressure to approximately 500 psi (400 - 700).

. Slowly remove hand over air outlet.

. Watch pressure gage reading drop.

Note the pressure when the alarm sounds. This tells you that the alarm works,
and how much air (not time) left to egress, decon etc.

It is very important to know how long a tank of air lasts for each person for each SCBA.
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SCBA Exercise B-S 9931014

SCOTT AIR-PAK
Pressure-Demand or Demand System
Put switch to "off" for Demand mode to get air when you inhale.

Put switch to "on” for pressure-demand as on MSA. There is a positive pressure in the
mask and air (flow) is supplied when you inhale.

To check gage:

. Turn switch on regulator to "off” position.
. Open tank
. Close tank.

To check the low pressure alarm:

Now bleed line as with MSA.

. Cover entire outlet with surgical glove, cellophane, etc. and open main line
valve (yellow knob).

. Compare pressure on gage to pressure on tank. If they are similar, it means
tank and high pressure lines are okay.

. Turn switch to ON slowly, releasing air in line.

. Watch gage as pressure drops.

. Note the pressure when the Alarm goes off. (Should ring around 500 psi)
DRAGER

Pressure-Demand or Demand as with Scott

Demand Mode is "-" on regulator Pressure-Demand is "+".
To check gage:
. Puton ™"

. Open tank.
. Check pressure on gage with tank to ensure that they are similar.

Golder Associates



SCBA Exercise B-6

9931014

To check low pressure alarm:

L ] L ] - L] L] -

Close tank

Cover outlet on diaphragm unit with hand

Switch from - to +.

Slowly release air from line by removing hand from outlet.
Watch gage as air releases.

Note pressure when alarm sounds.

Ready to don equipment.

Turn tanks over.

Lay out straps - untangie.
Straighten out.
Loosen so easy to don and adjust.

Put tanks on back.
Help each other (Buddy System - no need to make it more difficult).

Be sure "main line” valves are closed on MSA and Scott, and Scott is in
"demand” mode (switch "off"). Be sure Drager is in demand mode "-".

Reach down on right hand side and open tank.

(All SCBAs same on this item).

(SCUBA has valve at top to minimize air hose length).

(SCBA for rescue to protect valve and to avoid choking as entering work areas.

With Drager and Scott you can connect face-piece hose, open mainline valve
and take your time donning mask. Air will not flow until you create a negative
pressure in mask. MSA is always pressure demand so as soon as you open
mainline, air will flow untl the face-piece hose is connected to the regulator
and the mask is on snug.

Now put on face mask - Scott and Drager face-mask hoses should aiready be
connected and Scott mainline valve may be open with switch off. MSA face-

piece hose should not be connected to regulator at this point and mainline
valve should be closed.

Open mask.

Loosen straps on mask

Put mask on

Tighten temple, chin, forehead.

Golder Associates



SCBA Exercise B-7 993-1014

Drager and Scott should be giving you air as soon as you put on mask. Switch
Scott to "on” and Drager to "+" 0 be in pressure demand mode. Once MSA
mask is on, simujtaneously connect face-piece hose to regulator and open the
mainiine. Check operation of by-pass valve briefly on each unit (red knobs on

Scott and MSA, button on diaphragm assembly on Drager). You are now on
pressure demand supplied air.

. NOW USE FULL TANK OF AIR - WALK AND TALK, RUN, DO
CALISTHENICS, ETC.

Golder Associales



APPENDIX C

QUALITATIVE FIT TEST INSTRUCTIONS AND REGULATIONS
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Respiratory Protection Program

Revision Levet 1

C-1 june 1990

QUALITATIVE FIT TEST INSTRUCTIONS

1. Isoamyl Acetate Protocol

A

Odor Threshold Screening - Equipment

1.

Obtain 3 - 1 quart mason jars with lids. Fill one with 800 ml clean
odorless water. Fill each of the other two with 500 ml clean water.

Obtain 2 eyedroppers or medicine syringes with ml or c¢ graduations.

Use one pnly for pure isoamyl acetate. Use the other only for "stock”
solution,

Obtain bulk (i.e., 1 pint jar etc.) of isoamyl acetate (banana oil). You wilj
also need MSA Part #5645 smoke tubes and aspirator bulb.

Odor Threshold Screening - Procedure
(Section [.A 1-8 in Appendix C to 29 CFR 1910.1001)

1.

Add 1 ml (1 cc) of isoamyl acetate (LAA) to 800 ml jar of water and shake

well. This is your "stock” solution and it may be kept (sealed) for up to
one week.

Add 4 ml of stock solution to one of the 500 ml jars of water. Note
which jar contains |AA but do not label jar as such. Shake well and
allow jar to sit for several minutes (sealed).

Have test subject open and smell both 500 ml jars and indicate which one

contains banana oil. Subject must correctly identify 1AA to confinue with
banana oil fit test.

Isoamyl Acetate Fit Test
(Section I.C 5-8 in Appendix C to 29 CFR 1910.1001)

1.

Cut a standard size sheet of paper towel in half and wet with .75 ml (c¢)
of pure JAA. Hang towel inside at top of fit test chamber such that the
total is approximately six inches above the test subjects head. Allow
chamber to "equilibrate” for a minute or two.

Have subject select and don a suitable respirator (i.e., one thatis

comfortable and appears to fit properly). Have subject perform positive
and negative pressure tests.

Goider Assoclates



Respiratory Protection Program

Revision Level 1

C-2 _June 1990

p\

a.  Negative-Pressure Sealing Test - After donning the respirator, the
subject should cover the inlet opening of the respirator’s
cartridge(s) by covering it with the palm of the hand(s). Then, the
subject should inhale gently and hold his/her breath for at least 10
seconds. The facepiece should collapse slightly with no inward
leakage of air into the facepiece. If leakage is obvious that the fit of
the respirator to the wearer is unsatisfactory.

b.  Positive-Pressure Sealing Test - The exhalation valve is closed off
and then the subject exhales gently. The fit of a respirator
equipped with a facepiece is considered to be satisfactory if a slight
positive pressure can be built up inside the facepiece without the
detection of any outward leakage of air between the sealing surface
of the facepiece and the subject’s face.

Use organic vapor (black) or combination organic vapor/acid gas (yellow)
cartridges with snap on dust/mist/fume filters, or use combination organic
vapor-HEPA (black and purple) or organic vapor/acid gas - HEPA (yellow
and purple) cartridges. Cartridges used for fit testing should not be left
open or used for more than a month. Be aware of possible "break
through,” due to using old cartridges.

Cut a standard size sheet of paper towel in half, then fold the half sheet
in half. Wet the folded towel with .75 cc of isoamyl acetate. Hang the

paper towel in the fit test chamber approximately six inches above the
test subjects head.

Have subject get in fit test bag. Have subject move head around, side to

side, up and down through normal range of motions. Have subject jump
up and down and jog in place.

If subject cannot smell "bananas” have him or her recite the rainbow
passage clearly and articulately.

If the subject can smell bananas have them leave the test area and adjust
respirator straps, check tightness of cartridges, reseal mask and repeat the
test. If subject still fails IAA test, have them leave the test area and try a
different brand and/or size of respirator.

At the end of a successful JAA test, have the subject break the seal of the mask and

take a slight whiff of the LAA atmosphere in the bag - just to convince them that the
respirator works.

Golder Assoclates
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Respiratory Protection Program

Revision Level ] C-3

Jlune 1950

I lIrritant Fume Test
{Section III.B 7-8 in Appendix C to CFR 1910.1001)

A.

Have subject close eyes. Then, repeat above procedures (#4 for 1AA test) while
directing irritant smoke around edges of mask, under chin, etc.

Repeat [AA and irritant fume test procedures until subject finds a mask which
passes both tests. Do not break the respirator seal in the presence of the
irritant smoke.

Upon successful completion of IAA and irritant fume tests, record:

date
emplovee name and number
size, brand, model of respirator i.e., "North medium haif face”

types of test "1910.1001 Appendix C qualitative fit test procedures [AA, irritant
smoke.”

- - - *

Place in employee’s personal health and safety file and keep a running record
(notebock, database, etc.) of employee fit testing.

Issue employee a signed completed “fit testing card” as shown in Figure 1.

Rainbow Passage

When the sunlight strikes raindrops in the air, they act like a prism and form a rainbow.
The rainbow is a division of white light into many beautiful colors. These take the shape of
a long round arch with its patch high above, and its two ends apparently beyond the
harizon. There is, according to legend, a boiling pot of gold at one end. People look, but
no one ever finds it. When a man looks for something beyond reach, his friends say he is
looking for the pot of gold at the end of the rainbow.
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RESPIRATOR FITTING CARD

Appendix C to 290FR1910.1001
Qualitative Fit Test Protocols

Name;

Date Fitted

Employee No.

Fitted By

Satisfactory Respiratory Fit Achieved for:

Model
or scamyl Irritant
Make Type Size Acetate Smoke

FIGURE 1

FIT TEST RECORD
HEALTH AND SAFETY
PROJECT NG. 9631014 DWG. ND, 22870 DATE 71280 DRAWN DC Golder Associates
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Nats —Periodically check and adjust the
value of As. il aecassary.

Appendiz € 1o § 10I001—Qualitetive wnd
Quastitative Fit Tesnag Procedures—
Mapdstory

Quaktative Fit Tost Protocols

1 Isoumy! Acetate Protoce/.
A. Ddor Threshold Screenung

1. Three 1-hter glass jars with metwa! Lids
|e.s. Mascn or Beli jars) are required.

2 Odor-{ree water (e.§. distilied or spring
waitr) st approximaraly 25°C shall be used
for the soivtions.

3 The scamy! acerate [LAA) (also known
a8 isopenni scetaie) viock sojution is
prepared by adding 1 cz of pure JAA 1o 800

* of odor {ree water un & 1-liter jar and shaking
for 30 seconds. This solution shall be
_prepated new at lzast weakly.

4 The screenung teg1 shall be conductad in
a roor: separate from the room used for
aciva! [ii tesung The two rooms shall be well
ventisied byt shali not be connected 10 the
sa=¢ recircuiaung venulauon system

8 The odor test selunon is prepered in a
second jar by placing 0.4 cc of the s1ock
soiutic= 110 500 ¢ of odor free water using o
clearn cropper or pipette. Shake for 30
seconds and aliow to siand {or two to three
minuies 80 that the LAA eoncentration above
the hzwid mav reach equilibrium. This
solubion mas be used for only one dav.

6. A tes! bianh 16 prepared in & third jar by
adding 500 e¢ of odor free water.

%. The ocior 108t and test blank jars shall be
Jabelied 1 ang 2 lor yar wdentificanon. If the
labels are put on the lids tbey can be
prrioc:ite!ls peeied dned off and swiched 10
mAaInian (he imiegny of the test

8. Tne fuliow:ing insructions shall be typed
on s rard anc piacea on Ue 1able v {rom of
the two 1est jury (1.e. 3 Ané 2Y “The purpose
of tns 18t 13 10 derermine if vou can smeli
bunana ol at o low concentrauan. The twe
butilesin front of you canismn water. One of
these bottles also contawns & small amount of
banans oil Be sure the covers are on tight.
then snake eazk botile for 1wo seconds.
Unserew the lid of each bottle. one a1 a time.
and snifi st the mourk of the bottie. Lndicate
1o the test conductiar whick botile contans -
banans oil.”

8. The mixtures used in the LAA odor
detection lest shall be prepared in an area
separate [rom where the test is performed. in
oider 10 prevent oifaciory fatigue v the
subiert,

10 I ihe vest subiect 1s unable (0 correcyy
ider:t:iv ihe Ja7 contawting the odor test
solut:on. the IAA qualitanyve fit 1281 may not
be used

11 i ihe 1est subject comeetly identifies the
J#1 COMILIMING INE 0307 T8t S0IULION. the test

subliect may proceen (o respITalo! seiection
and Lt wesurg

B Respiraser Salsction

1. The wat ssbiect sball by allowed © pick
i: most comforuable mmudh- a
miection including respirators of variows
sizes from different manuiactarers. The
mlection shall include st Jsast five sizes of
alasiomeric half {scapieces. trom at lsast two
manufschoere

1 The seiectios process shall be conductad
0 2 700 saparaie from the Ai-test chamber
%o prevent sdor {atigue. Prior to the selection
process. the test sudject shall be shown how
 put oo 8 respirator, bow it aboud be
positisded on the facs. how 10 set strap
fension and how to determine a
omfortable™ respirstor. A mirror shall be
svailable 10 assist the subject in evaivating

the 8t and positioning of the respirator. This -

Instruction may not constitete the subject's
formal oraining os respirator uss. e il (s enly
& reiew.

3. Tha tast subject should understand that
the employes is baing geked to selsct the
respirstor which provides the most
comforiable At Each respirator represents &
different size and shape and. i 81 properly
and used properly will provide adequate
protection.

4. The test subject holds each facepiocs up
10 the face and sbunaies those which
obwviously do nol pive » comfortable fit
Normaily. seiecnon will begin with & ball-
mask and {f a pood fit cannot be found. the
subject will be asked to test the full facepiace
respizators. {A small percentage of users will
not be able to wear any hall-mask)

§. The more comfortable {acepisces are
soted: the moat comisriuble mask is donned
and w'orn al Jeost five minutes 1o sssess
comiort All doaning and adjusitments of the
facepizce sball be performed by the test
subject without assistance from the test
condutior of other person. Assisiance in
sssesaing confort can be mven by discussing
the peinte in &8 balow. If thy test subiect in
not famihar with using » parucular respirator.
the 181 subject shall be direcied to don the
task seversl times and o adjunt the straps
sach ume (o0 become sdept ot seiting proper
tenaion on the steps.

4. Assessment of comfon shall include
reviewung the [cliowang pownts watn the rest
subject and allowing the tes1 subject
sdequaie une to delerzune the comion of Lh
resgursior .

= Posinoning of mask on noss.

+ Room for eve protection.

* Room to \alk.

¢ Positiorung mash on fuce and cheeks.

7. The loliowing criteris shal! be used lo
;!Ip determine the adequacy of the rerpirsior

'
* Chin properly placed.
* Suap tennion.
= Fit across nose bridge.
» Distance from nose (o chin
* Tendaney 10 ship.
* S¢li.observation.in mirror.
$. Tne test subjett shall conduty the
conventions! hegative snd positive-pressure
fit checks (a.g. sy ANS! Z38.2-1900). Belore
conducting the negstive- or posiive-pressure
tes! the subject shall be told 10 "seal” Ine
mask by rapidiy moving (e head iron side-
1o-s1d¢e and up and down. while taking & few
deep bresths.

& The st subject is pow resdy for A
wating. :

10. After passing the fit test. the rest subject
shall be questonad agais regarding the
comiont of the respirator. if it has becoms
ubeomfortable. anotber model of resprruior
shall br wied

11. The smpioyee skall be given the
oppartunity o select & different facepince
and be retesied if the chosen facepiace
becomes increasingly wacomiortabls at any
C.Fit Test

1. The £1 st chamber shall be similar 10 a
clear 55 gal drum liner suspended inveried
over a 2 loot diam#ter frame. so that tbe top
of the chamber is about 8 inches above the
test subject’s baad. The inside 10p ounter of
the chamber shall bave s small hoak
attached.

2 Each respirwtor ueed for the Atting and it
testing shail be equipped with argaguc vapar
cartridges or offer protection agamst erganic
vapors. The cartridges of masks shall be
changed at least weekly.

3. After salecling. donning and properly
adyusting a respurator, the wa mubect shall
wadr it Lo the At tesung room. This room aball
be separsia from the room used for oder
threshold screarung and respiraior selection
and shall be well ventilated. g9 by an exbaust
fan or iab aood tp preven! geners] room
cunlaminaton.

4. A copy of the Jollowing test axercisss
and rainbow passsge shall be wped 10 the
inside of the test chamber:

Tart Exercises

i Breathe normally.

. Breathe deeply. Be certain bresths are
deep and reguior.

fii. Tvrn nead all the way from one side 1o
the othet. Inbaie on each tide. Ba certatn
movement i complete. Do not bump the
respiraior against the shoulders

iv. Nod head up-and-down. Inhaie when
head is in the full up position (leoking toward
cuiing). Be cerain motons are complete and
made sbaut every second Do nol bump the
TRIPITAIGE ON Wb CREIL

v. Talking Talk aioud and slowly for
several ounutes. The followang paragraph is
called the Ratnbow Passape. Reacung 1t will
result in 8 wide range of facial moveDenis,
and thus be useful to satisfy Lhis requirement
Alternative pansapes which serve the same
purposs may also be usad-

vi. jogp:ng in place.

vii. Breathe normally.

Reinbow Passope

Whee the sunlight strikes reindrops in the
air, they act like a priam and form s minbow.
Ths rasnbow i a division of white light into
many beautiful colors. These take Whe shape
of & lang round arch. with ius path high
sbove and iis two ends apparendy bevond
the horizon. There is. according to legend &
builing pot of goid st one end Prople ook but
no one ever hnds it. When o man looks for
scmethira bevond reach. his fnands ssv be is
luoking for the pot of gold st the and of the
rainbow.
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5 Each tet subject shall waar the
respurator for at leant 10 punuies defore
starung the fit teat

& Upon entanng tha tast chambar, the test
subject abali be grven & § (neh by § @mch pace
of paper towel or other parows sbsorbent
singit ply mareral folded in haif and wened
with thrwequarern of ane e of pume [AA.

The tes! subject sball hang the wet towai en
the book st the 10p of the chamber.

7. Allow two muauies for the [AA test
wonceazanon to be reached belore starting
the Bt-test exarcisen. This would be an
sppropnate umne (o talk with the tast subjecy
0 explain the 8t st the imporiance of
cooperation. the purpose for the hasd
exercises. or 10 demonstrute some of the
sxerces

& Eack nxprrise deacribed 13 84 above
shall be perfortned for at least coe minute.

2. {f st any timae during the setL the subject
detects the banana-like odor of LAA. the test
bas failed. The subject shall quickly exit from
the tret chamber and leave the test ares is
avoid ollaciary fatgue

10 U 3o test 1 failed the subiect shall
renyD to the seiecuon room and remove the
respirator. repaat the odor sensitivity test
seiec! and put on another Mpirsigr. return to
e Wl ctamber. and agait begpn the
procecurs desunbed 1o the g4} through ef8)
above Thr procass conuzues untla
respirator thal Bts well has been {ound.
Should e odor sensitivity test be failed the
subiect shall wait about § minutes before
reiesazg Odot senntvity will usuaily have
renuned by Lhis tme.

11. Ul a pervon cannot pass the fit test
deacnied shove weanng a bail-mask
respursior from the available seiection. hull
facepiece models must be oaed

12 Whez s respusior is found that passes
the test. the scliect breaks e laceseni and
takes & brea:t before scnng the chamber.
Thir i 10 asawre that the reason the test
wubiett 10 not wmeihog e LAA ia the good fit
of the respurn 107 facepiece seal and not
olfactery sogue

11 Whea the test subiect leaves the
chamber. the subject shall remove the
sarursied towel and return it to the pemoa
conductag e test To keep the ares from
becoming tosamunated the uied loweis

-shall be kept 1o a seif-sealing beg oo therw in

ac npificant LAA copeaptrabos buldep in
the et chamtber dunng subsequent testa.

14 At least two facepiaces shall be
selected {or the LAA test protocol The test
subject shall be pven the opportunity 1o wear
them for one week to choose the ane which is
more comiontable to wear.

15. Pervons who bave successfully passed
this B¢ est with o baif-mak respirsior may
be msigned the use of the test respirator in
stroospneres wath up o 10 times the PEL of
airbome asbestos. (n amospheres grester
thas 10 tioes. and lays than 100 tunes the PPL
[up to 100 ppm}. the subject must pass the
LAA e wnng o Al face negative pressure
respuetor. (The concenoauon of the LAA
meide e tes! champer must be incressed by
len tmes for QLFT of the full facepieca.)

14 The wet shall nel be conducted if there
is any baz groww barween the slun the
faces:ece sealing surface.

17. U haur grownlh or apparel interfere with
s sausfaclory fiL then they shall be aliarea or

i)

removed so a8 to eliminate interference end
allow a sstisfactory 81 If & satislaciory Bt ls
still not attained. the test subject svas usa &
positive-pressure respirsior soch as powered
sir-purifying respuston. supplied air
mespirator. of seil-conusined breathing -
apparstus .

18 I a teet subject axhibits dificuity in
braathing during the tests, sbe or he shail be
referred o g phyrican rained @ resprator
disesses or pultnonary madicine w determune
wheihar the \ast subjec) can wear s
mspirator while performing ber or his duties.

19. Qualitative Bt testing shall be repeatad
st least evary six months

. In eddition. becauss the saling of the
respirutor may be affected qualitative £t
testing shall be repested immedistaly when
the test subject has a:

(1) Weight change of 20 pounds er mora,

[+4] i t facial scarring in the ares of
the {scepiece seal

3} Sigruficant dental changes La. muitipls
extrsctons withou! prothesis. ar acgunng
dearures,

{4) Reconstruciive or cosmetic nryery. or

(3] Any ether eondition tha! may teriere
with facepiece seniing.

D. Recordkewping

A summary of all test results shall be
mainisined in eech offica for 3 years. The
summary shall include:

(1) Name of test sobject

{2} Date of testing.

(3) Name of (he teet cxnductor.

(4] Respirators selected (indica
oanufactarer. model size and approval
aumber).

(8] Testing agent.

0. Saccharia Salution Asrosal Prowood
A. Respirelor Selecton

Respirators shall be seieciad en described
tn secuon [B (resprator izlecton) above
except that sach respirator shall be equipped
with s particulate flliar,

B Taste Thrwshold Sceening

1. An soelosure about head and shouldery
shall be used for treshold screening (o
deterzune if the individoal can taste
sscchann) apd for fit 1esting. The enclosare
shall be spproximately 12 (nches in dismewer
by 14 inchas tall with a1 least the front cear
to sllow free movenmen: of the basd when s
respirster is worn.

1 The test enclosure shall have & three-
quarier inch hele in front of dee test subject’s
pose and mouth arva to sccommodas the
sabalizer nevsle.

& The entire screening and testing
procedure shall be explained o the
subiect prior 10 conducnng the screening st

4 Dunng the threshold screening test, be
tast subject shall don the test enclosure and
breathe with epen mouth with tonges
extended.

& Using & DaVilbiss Model 40 lnhalaten
Medicauon Nebulizar or equivaient the 1emt
coaducter shall spray the thresbold chech
salution 1o the encitsure. This nebulizer
shall be clearly marked 1o distungush it from
the fit test aolution pebulizer. .

& The thrwshoid check solution amsists of
G-a3 grama of sodium sacchana USPm
waiar. it can be prepared by putung i e of

the inst solution (sew C 7 below) in 100 2 of
welsr

7. Te produce the aerosol the nebylizer
bulb is Armiy squeezed 5o that it eollapses
completsly. then is relensed and allowed 1o
fally expand.

& Ten squeezer of the asbulizer bulb are
repeaind rapndly and then tha test qubject is
askad whether the ssccharia can be asted.

A If the first ruponse s aegative. t2n more
equerzm of the axbulizer bulb are repeated

.rapsdly and the lest subject is aguin ssked

whyther the saccharin can be tasted.

10. If the second responas is negative ten
WOrS 3QUeSISE are repeated rapidly and the
st subject is again asked whethar the
saccharin can be tasted.

11. The test conductor will take asie of the
sumber of squeezes required 1s slicit & taste

reSpOTING.
1L U the saccharip is sot tasted after 30
squeezas (Siep 10), the saccharin At iest

cannot be performed en the st yobject

.13 11 » taste responee is elicited. the test
subjec sbsll be nsked 1o take noiy af the
taste {ar reflereace iz the B1 teat

14 Correct ase of the nebulizer aans that
spproximately 1 cc of liqud is used at & time
n the nebakizer body.

15. The nabulizer shall be thoroughly rinsed
in water. shaken dry, and refilled ut laast
svery fomr houre.

C Fit Test

1 The wst subject sball don and adius! the
respiratar without the asswiance from sny

peryon.

L The fif test vans the samae maclogure
described in LB sbove

% Each west subject shall wear the
respurstor for at least 10 minutes belore
starung the At test

4. The tast rubject shall doo the enclosure
while weanng the respiursior seiscied in
secuon 1B above. Thus respurstor shall be
property adjusted and equippec with &
paruculata filter.

& The test subject may 5ot ¢at drink
{except plain water], or chew gum for 13
munutes before the st

& A second DeVilhisa Modal 40 lnhaistion
Medication Nebulizer is used 1o spray the fi
test solution into the enclosure. This
sabulizer shall be clearly marked to
distingush il from the scwening tast solution
sebulizer.

7. The B¢ test salution ia prepared by
edding & grams of sodium satzhans v 100
et of warm water.

L Ax before. the a9l subject sball breathe
with mouth open and toagus extanded.

8. The nebulizer is inserwed into Lbe bols in
the front of the enciosure amd the Bt tret

- solution is sprayed ioto the snclosure using

the same lechruque o9 for the Laste threshoid
scrrening and the same number of syueezas
required to elict & taste respotse i the
screening. (See BS through B10 abovel

10 After gennrution of the agroscl read the
following watructiens to the test subject. The
wr subject shall parform the exeraises for
one mibute asch.

i Breathe normally.

. Breathe deeply. Be conuin breaths are
deep and reguiar.
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41 Turn besd all the way from ene side to -
the sther. be cortain movemen! s Compisie
Inbaie on sach side. Do not bump the . . .
respirator against the sboviders. | e

tw. Nod head upand-down. Be ceruin
wotiots are compieta. inhaie when head b in
e full wp posiuos {when looking trward the
eatling). Do mot bump the respiretor o the

chest

v. Talking Talk ioadly and siowly for .
srveral minutes. The followvang paragraph s
emlled the Rainbow Passage. Reading it will -
resull io & wide range of facial movement.
and thus be oaeiul 1o satisfy this requirernenl
Altaruatve patsages which serve the same
purpose may nlul br used.

wi. jogging 0 place.

wii. Breathe pormally.

Rainbow Passoge .
‘When the sunlight strikes reindrope in the
air, they act like & prism and form s rainbow.

The ruinbow s & division of white light into
many basutiful calots. These take the shape
of a long round arch with its path high
above. and il two ends apparently beyond
the bonzon There ia. sccording 1o legend. o
boiling pot of gold a1 ope e2d Pronle ook,
But oo ooe sver finds (L When & mnan loaka
for somethung beyond his reach. his friends
say be s lookng for Whe pot of gold at the and
of the rainbow.

11. Al the benaning of esch exercise. the
serosol concenauon shall be repienished
using coe-half the number of squeesses a3
fnitially descnibed 1In C9.

42 The test subject ahall indicate to the
test eonducior i al any bme duning the fil 1est
the tasie of sacchann s detected

13, If the saccharin js detecied the 81 is
deemed unssusfaciory and » differeni
respurstor shall be tned.

14. At least twe [scepieces shall be
selecied by the LAA 1091 protocel. The test
subiject shall be pven the opportunity te wear
themm (o1 one wesk to choose the one which ia
more comioriable to wear.

15. Succenstul compicuon of the 1ea1
protocol shall allow the use of the hall mask
tested respIraLOT in contamnated
sinospheres up 16 10 Limes the PEL of
asbesios. In other wonis thus protocol may be
ws¢d 10 assigh proiecuos laciom ne higher
than ten

1& The 231 shall not be conducted if there
ir a0y bair growih between the akun and the
{acepiece sealing rurface.

7. Y bau growih or apparel interfere with
# sausiaciory it then ey shall be altered or
removed 8o as 10 ebminste itterference and
allow & saysfaciory fit U a satisfactory Gt is
atill not ananed. the 1est subject must use »
PRSIUVESPIEIIRIE rEIpIrator such 33 Powered
sir-punfying respursions. supphed air
respuirsior. or self-coniained breathing
apparatus.

18 Uf o test subjest exhibite difficulty in
bresthung duncg \be tess. she or he shall be
referred 10 & phys:can vained i respirator
dastnaes or puimonary medicing to determine
whelher the tes! subject can wear s
respirater while periorming her or bis duties.

18. Qualitauive it tesung shall be repesied
&t least cvery sia months.

20.1r adé:uon. Lecsuse 1he sealing of the
resrirator muy be afiecied. qualitauve 411
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{4) Reconstructive or cosmetic -umn-
{5] Any otber condition that may inisriere
with facepiocs sealing. . . . . .
D Recordeseping -~.: - . 0 -
" A summary of all tast résults shall be -
maiswined in sach office for 3 yearr. The
sumnmary khall mglude: ’
g;g.m:mm T

1 of woting, - E
{3] Name of tast conductoe. ™ ~
(4) Respirators salecind (indicate
masufscturer, model. size and approval

k
) Testingagent.
41 irvitant Fume Protocol
A Respirstar selection

Respirarors shall be sefected as dascribed
o secnon IB above. axcept thet sach
respirntor shall be equippad with &
eombinstion of ugh-eflicency and acid-ges
canrTidges. ‘
B Fit et ) -

1. The 1ot subject shall be allowed to smel
& waak concentration of the irritant smoke to
::’n.ilumn the subject with the charsclenistic

or.

2 The test subject shall properly don the
respirsior selecied 89 sbove. and wear jt or
at lean 10 minutes baiore starting the B2 st

3. The 1031 conductor shall review this
protocol with the 1es1 subjeet before testing.

4 Thbe teat subject aball parform the
conventional positive pressure and negative
preasure fit coschs (sas ANS! 2282 1880).
Fuilure of either check shall be cause 10
select an alternate respirstor,

& Break both ends of & ventilation smoke
tube containing stannic oxychloride such as
the MSA pant #5648, or eguivalent. Attach »
sbor length of ubing 10 ene end of the smoke
tube. Attach the other and of the smoke tube
19 & low pressure air pump sei 1o deliver 20
milliliiers per munute.

8. Advise the st subject thet the smake
cap be irmitalng w ibe eyes and instuct the
wubject 1o keap the vyed tlosed while the wst
is performed.

7. The test condocior shall direct the
stream of Eriwnt smoke from the tbe
Toe perven, Gonueting the 1ot shat) epn’

2t PATSON 1w i
with the tube at least 12 inches from the
lacepiece snd gradually maove to within one
inch. moving around the whale penmaier of
the mask.

& The tast subject shall be instructed 10 do
the foliowang exercises while the respireior is
beiny challenged by the srmoke. Each exercise
shall be parformed for one munute,

L Breathe normally,

4 Breatha deeply. Be ceruain breaths are
deep and regulor.

iii. Turn hesd all the way from one side 10
the other. Be cerlain movement is complere.
Inhale on each side. Do not bump the
respirator againet the shoulders.

———

weting aball bw repasied tmmedistely wham . - iv. Nod head gp-and-down. Be crtain
hetasigubjecibas g .. ... . -_ motensam mmpieis snd made svery | .
(1) Weight chasge of 20 pounds or mors. .. - sscend. Inhale when head ia in the full up,
. (3] Significant {acial scusring in the ares of m—mmmmm-m,..;
G {acepiecaosal . . . . the raspirster against the chast. . .~
(3) Significant dental changes: Le: mnitipls - o Talking Talk alowd and alowly for .
?mdﬁutm-m. " swvers) mimuem. The parsgruph is

called the Rainhow Pussage. Raeading it will -
resuit in & wide rangs of facial movemnenis. - -
and thus be neehd to satiafy this requiresmant.
Allarsztive passages which serve the .
perpose mayalso beweed. . - - .

‘Whea the punlight strikes raindrops i the
gir. they act liks a prizm and form & minbow.
The rainbow is a division of whise light tato
many beavtiful eolars. These take the )
of » long round arch, with its path kigh .
sbove, and its two ends apparently bayend
the horizon. There is. sccording 0 legend.
boiling pot of goid st sae end. Peeple ook,
but a0 ana ever finds it When & maa looks
for somathing beyond his resch. bis friends .
say ba is looking jor the pot of gold at the end
of the ruinbow. = = . a

vl Jogying i Pisca.

wil Breathe normally.

2. The ot subject aball indicata to the tent
eonducior If the irritant amoke is detected. U
smoke is detecied the test conductor shall
stop the tast In this case. the tasted -
respireter ia rejected and ancther respirater

‘shall be selected

10 Each wst subjec! passing the smoke Lost
(ie. without detecting the smoks) shall be
given & sensitivity check of stnoke from the
same tube 10 Setermine i the est subjecy
rwacts 1o the smoke. Failure to evehe 8
response shall void the Kt 1ast

11. Steps B4 Bo. B10 of this fit 1es1 protocol
shall be parformed in & location with axhaust
wentilaton suflicient 1o prevent
cantamunation of the (estng area by the temt
sgeata

12 At least two lacepicoes shall be
selected by the LAA test protocol The test
suhject ahauil be given the opponunity 1o was?
them for one wevk 1o choose the one which is
more comiortable to wear.

11. Respurstors successfully tanied by the
protecol may be used ir contsmunated
aunospheres wp 1o len imes U PEL of
asbestos.

14. The test shall not be corducied f there
is any hair growih between the skin and the
facepiece sealing surface. -

13 If hair growth or appare] imerfere with
a satisfaciory fit, then they shall be aliered or
removed so as 1o eliminate inter{ference and
allow s satis{aciory it If & sutisfaciary fitis
sll 6ot snained the tnst subject must uas &
positive-pressure respirstor n:s:hd” powered
aiz-purifying respirators. supplied air
respirator. or sel/-coowined breathing
spparatus.

16. If & test subject exhibits difficulty in
breathing during the tesw. she or he shall be
referred to & physician trained in respirstor
diseases or pulmanary medicine io delermine
whether the 1est pubject can wear s _

respurator while periormung her or his duties.

17. Qualitative fit testing shall be repeated
at least every six months.
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14 In addition. because the sealing of the
respirator may be affected. qualitative £t
testing shall be repeated immedisialy when
the w9t subject bas &

(1) Waight change of 20 pounds or more,

(2] Significant facal scarring in the ares of
the facepieca seal

(3) Significant dental changes: (e multiple
axtractions withou! prothesns. or acgquiring
dentures.

{4) Racotstructive or cosmastic surgery. or

{8) Any otbar condition that may intetfere
with facepisce sealing. B
cr Dk eeni

A summary of all wat results shail be
mainiaioed In each offica for 3 years. The
sammary shall include

{1) Name of test subject

(2] Date of \esting.

(3) Numne of tem eonductor.

{4) Respiruiors selecied (indicate
wmanulscturer, model. size and approval
mumber).

{8) Testing agent

Quontiative Fit Test Procedures

1. Ganeral

& The method applies to the segative-
pressure nonpowered a-puniying T
respirators only. .

b. The employer shal snsign one individual
who shall assume the full responsibility for
fenplemunting the respirator quantitatuve fil
et program.

L Definiven.

& “Quantitative Fit Test” means the
measuremeni of the effectiveness ol a
rerpirator sesl in excivding the ambient
atmesphere. The st is performed by
dividing the measyred concestranon of
challenge agent in » test chamber by the
measured concentration of the challenge
agent inside the respunator facepiece when
the normal air purihang element bas been
replaced by an essenvally periect purifying
slement :

“b. “Challenge Agent” means the air
contamunan! tnuvduced into & test chamber
oo that its concenuuuon inside and outside
e respiraior may be compared.

& “Test Subiect” means the person wearing
the respirator for quannistive fit Lestng.

d. "Normal Standing Position™ means
sanding erect and straight with arms down
along the sides and looking straight abead

& “Fit Faclor™ mearus the ratio of challenge
agent conteayration outtide with respect 1o
the inside of & respurator inlel covenng
{{facepiece or enclosure).

1. Apparoius.

& Insuvvmentoton Comn oil sodium
chloride or other appropriate serosol
genersnon dilvuon and tieasurement
systeros sball be used for quantitative At 1est.

b. Test charder. The test chamber shall be
large enough (o permit sll test subjects 10
freely perform all required exercises without
distnbuting the chailenge agent concentration
ot the measyrement apparatus. The test
chamber shall be equipped and constructed
oo that the challeage agent is effectively
isolated from the ambient air yet unilorm in
eoncentration throughout the chamber.

€ When tesung a:r-punifying respirators.
tbe pormal filter or caruridge eiement shall be

swplaced with o

made of the \ast showing the rise and {all of
fopirston A0k sxpireton af 81 aciers of ot
at fit faciors of at

ling
interferenca with the At or performance of the
respirator,

& The tast chamber snd test set-up shall
permit the person administering the teet to
obaerve one test subject inside the chamber
dunng the test.

b The equipment gensrating the challenge
atmosphers shall maintain the concentration
of challange sgent constant within & 10
percent vanation for the durstion of the test.

1 The time lag (inwrval batwess an even:
and its being recorded 0n the strip chart) of
the instrumantation may not exceed 2
seconds.

| The tubing for the test chamber
stmosphere and for the respiretor sampling
port shall be the same diamaiter, Jength and
material It shall be kept as short as possible
‘The smallest diameter tubing recommended
by the manufacturer sball be used

k The exhaust flow from the ten chamber
shall pass trough & high-¢fficiency filter
before releass 10 the room.

L When sodium chloride aerosal is weed
the relative bumidity inside the test chamber
shall aot exceed $0 percant.

4 Procedural Requiremants.

4. The Oiting of hall-mask respirators -
sbould be started with those having multiple
sizes and » variety of intarchangesble
cartridges and canisiers such as the MSA
Comfo L-M. Norton M. Surviveir M. A-C M,
ot Scott-M. Use eithar of the tests outlined

below w0 sssure that the facepiecs is properly

sdjusted.
(1) Pasitive pressure test With the exhaust

-pori(s) blocked. the negative pressure of

alight inhalation should remain constant for
severs) seconds.

2] Negouve pressure tast With the intake
port(s) blockad. the aegstive pressure slight
inhalation should remain consiant for sevend
seconds.

b. Aftar a facepiece iv sdjusted. the test
subject aball wear the faceprece for at luant §
minutes before conducting a qualitive test by
ui:. mhlrh of the methods dl;ﬂ\'bﬂl below
and using the exercise regioe described in
fa.bocdande.

(1) Zsoamy/! ocetoes teet. When weing
organic vapor carridges. the tast subject who
can smell the odoe should be unabls 1o detect
the odor of iscamyl acetate squirted into the
air near the most vulnerable pornions of the
fscepiece seal. In g location which is
seperated from the tast aren. the ten1 smbject
shall be instrucied 1o close her/bis wyes

availabie for the parscaiar mask being
tested. The tast subject shall be given an
epportunity 1 amall the edor of iscamyl

(slannic chloride or Sitanium Wwirschloride
wentilation smoke tebes) squirted inte the aiz
mear the most vainarable porvens of the
fscapiecn seal The st subject shall be
insuacted 1o closs her/his oyee during the
st pariod. . ]
& The test subject may mtiar

quantitative testing chamber snly if she or ha
Sas obtzized & satisfacary 8% as stated in

- 4b. ol this

4. Bafore the sabject axtery the et

, & reasouably siable challenge agent
eoncwntration shall be measured I the st

chamber.

. 1ely after the subject matesy the
et chanber, the challenge agent -
concenTeton intide the respirnter ahall be
mearured 18 ensure that the peak penatrution
does not exceed 5 peront for a half-mask
and 1 percent for a full lxorpisca.

L A stable chaliengs agent concentrution
shall be sbtained prior 1o ths actaai start of
esting. .

(1) Respirator restruining strape may not be
overtightened for testing. The strapa aball ba
adjusted by the wearer to give s reasonsbly
comiortable Bt typical of normal use.

& Exarcise Regime. Prior o entaring the
test charnber. the st subject shall be given
compirte instructions as te ber/his pant i the
tast procedures. The test subjectshall
perfarm the following saxrcises. in the arder
gven. for each ind t Wt

& Normal Breothing (NB). In the sormal
standing penition, without talking, the subject
shall bresths oormally for st leastione
ninute : -

b. Deep Brecthing (DB). In the aormal
standing position the subject ahall do desp
breathing jor at leas! oos mmuw pavmng 8o
e not 10 byperventilats.

& Turning heod side o eide (53). Standing
n place the sudject aball slowly turn his/ber
head bom side between 1be extume
positions to esch side. The head shall be beld
st sach extreme position [or ot lesst §
seconds. Perform for at least three complete

cycies .

& Moving head up and dewn (UD).
Sunding in place. the subiect shall slowly
sove Ris/ber bead up and down between tha
sxIeme position straight sp and the extramy
:-in’on struight down. The bead sball be

id at each extreme position for at lesst §
seconds. Perform f{or at least Lhree complets

cycles. )

& Reoding (R). The subject aball read sut
slowly and loud so as to be heard dearly by
the test conduciar of macitor. The test
subject shall read the “rainbow passage” at
the end of this section

{ Grimacw (G} The ust ssbject shall
gimace, smile. frown and generully costort

. the face using the facasl muscles. Conunue

for st least 15 seconds.
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14 12 addition. because the sealing of the
respirater may be affecied. qualitauve fit
\eaung shall be repented immadintaly whan
the test subject bas &:

(1) Weight change of 20 pounds or more.

(2] S:gmificant facial scarnag in ibe ares of
the facepece sasl :

(3} Sagraficant dental changes: Lo muliple
exwracuens without prothesis. ar sequiring
denurey.

(4} Reconstryctive or cosmentic surgery. or

(5] Any other condiion that may mterfere
with factpiecs ssaling.

€. Recordkerping

A su=ynary of all tes! resuits shall be
muntained in each office for 3 years. The
summary shall include:

{1) Namae of tes! subject.

(2) Date of testing.

(3) Name of 1es! conductor.

{4) Respirators selected [indicate
manufscturer. model, size and approval
pumber).

($) Testing agent
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| Hazardous Concition|

@mm Deficiency JL

-{ Toxic Air Contaminants |

1
| Gas or vapor |

L 18
{>100 X PEL or MUC] |>100 X PEL or MUC{ {>10 X PEL or MUC]

Fuli Face

I Particutate l

-
[ I 1
Full Face Piece Full Face Piece IDLM Not IOLM
Pressure Demand Pressure Demand Un: '
SCBA Airtine Respirator Concentratio
W/Escape Bottle nce n
. I
Full Face Piece Full Face Piece
Pressurs Demand Pn;surc Domand
SCBA Alfine Respirator
W/Escape Bottle

| ]
>100x PEL]  [>100XPEL] [>10 X PEL|
Full Face Ful Face Half Face
Piece Piece Piecs
Pressure Finer Fiter
Demand Demand Respirator
SCBA or or
Full Face Powered Quaner
Piece Air Face
Pressure Puritying Piecs
Demand Respirator Cartridge
Aiine Raspirator
Respirator
WrEscape
Bottle

Pioce Full Face Pisce Han P ace
Pressure Cartirdge Respirator Canridge
mand or i
D;C;l A Full Face Piece Respirator
Airli , Quarter Face
Full Face ifine Respirator Pieca
Piace or Canridae
Prassure Powaered Air R“pi:gm
Demand Purifying
Airfine Respirator
Resprato or
W,;gg:per Full Face Piece
Bottle Gas Mask
Gas or Vapoer
and Particulate
l
L ]
{ >100 X PEL or MUC| | <100 X PEL or MUC
il

]
| <10 X PEL or MUC |

Full Face Piece ; Hal Face Piece
Prassure Demand 05:2:::::;: ';i‘l:tser/ CombinationfFiter/
SCBA Cartirdge Respirator Cartirdge Respirator
Full Faca Piece i or
Airling Respirator Full Facse Piece Quarter Face Piace
Pressure Demand i ; Combination Filter/
Altline Respirator ) X
W/Escape Botlle or Cartridge Respirator
Powered Air
Purifying
Respirator
or
Full Face Piece
Gas Mask FIGURE 2
RESPIRATORY SELECTION
DECISION LOGIC
HEALTH AND SAFETY

PROJECT NO. 931014 DWG. NO. 22671 DATE 7/1290 DRAWN DC
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1.0 ENDANGERMENT ASSESSMENT

The baseline risk assessment will be conducted during the RI
portion of the investigation to determine whether the Site
poses an imminent and/or substantial endangerment to public
health and the surrounding environment. The baseline risk
assessment will provide an evaluation of the potential threat
to human health and the environment in the absence of any
remedial action at the Site and provide the basis for
determining whether or not remedial action is necessary and the
justification for performing remedial actions. The baseline
risk assessment will be developed in accordance with the Risk
Assessment Guidance for Superfund Volume I and Volume II
(December, 1989).

The risk assessment will be divided into four activities:

’ selection of contaminants for risk assessment,
. exposure assessment,

. toxicity assessment, and

. risk characterization.

Golder Associates



July 1991 E-2 893-8026

2.0 CONTAMINANT IDENTIFICATION

The objective of the contaminant identification is to identify
the hazardous substances present in the environmental media at
the sSite and to identify parameters of interest for which
subsequent efforts in the risk assessment process will be
focused. Parameters of interest for the risk assessment will
be selected for each environmental media based on their
presence at the Site, detected concentrations, toxicity,
mobility, persistence, and propensity for bioaccumulation.

In addition, it may be necessary ¢to select "indijcator
chemicals" as part of this process. Indicator chemicals for
each class of chemicals present in environmental media at the
Site would be selected to represent the most toxic and/or
mobile substances among those identified and for which the best

toxicity and environmental data are available.
As discussed in Section 3.0 of the RI/FS Work Plan, previous

investigations indicate that in general, PCBs, PAHs, and metals

are the classes of compounds of concern at the Site.

Golder Associales
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3.0 EXPOSURE ASSESSMENT

The objective of the exposure assessment is to determine the
type and magnitude of potential contaminant exposures to human
and environmental receptor populations. The exposure
assessment will be performed in accordance with the Risk
Assessment Guidance for Superfund Volumes I and II and the
Superfund Exposure Assessment Manual.

Section 3.0 of the RI/FS Work Plan, Volume I, summarizes the
results of previous environmental monitoring at the Site. An
initial evaluation of the pathways of concern at the Site and
the potential impacts to human and environmental populations
from exposures to contaminants within these pathways is also
included. The following table summarizes the anticipated
pathways/media of concern at the Site, the anticipated exposure
routes, and the anticipated human and environmental receptor
populations to be evaluated in the endangerment assessment.
The environmental sampling and monitoring to be performed
during the RI to characterize the concentration and
distribution of contaminants in the media/pathways of concern
for the PHE are alsc included in the table.

Environmental

Anticipated Monitoring and

Potential Sampling Planned
Media/Pathway Receptor Exposure to Characterize
of Concern Population Route the Pathway
Groundwater Downgradient Ingestion Groundwater

residents Inhalaticn sampling at

who obtain Dermal perimeter and

groundwater contact downgradient

from the of the Site

sand and

gravel

outwash unit

Golder Associates
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— Media/Pathway

E~4 893-8026
Environmental
Anticipated Monitoring and
Potential Sampling Planned
Receptor Exposure to Characterize
of Concern Populatijen Route the Pathway

Aquatic life Ingestion
in surface Dermal
water bodies contact

Surface Water/
_ Sediment

Surface Soil/
Seeps/Seep
Sediment

Air

(e.g., ponded Absorption
water bodies,

Yeoman Creek,

and the wetlands)

which receive

groundwater

discharge

People in Inhalation
contact with Dermal

water/sediment contact
in Yeoman Incidental
Creek and ingestion
nearby surface

water bodies

Aquatic life

in Yeoman Creek,
nearby ponded
water bodies,
and the
wetlands

Inhalation

Ingestion

Dermal
contact

People,
animals,

and plants
in contact
with
contaminated
surface
sediments at
the Site
People, flora Inhalation
and fauna near

the Site

Golder Associates

Surface water
and sediment
sampling in
Yeoman Creek and
nearby surface
water bodies

Surface soil,
seeps, and seep
sediment
sampling

Ambient air
survey on and
around the Site
Landfill gas
investigation
(subsurface
probes around
the perimeter
of the Site)
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Environmental
Anticipated Monitoring and
Potential Sampling Planned
Media/Pathway Receptor Exposure to Characterize
of Concern Population Route the Pathway
Possibly

monitoring air
in nearby
basements

Potential future land uses that may be evaluated during the
exposure assessment include development of the Site as a park
or golf course. Future use of the Site as a residential,
commercial, or industrial area will be evaluated as part of the
no action scenario during the exposure assessment even though
these uses are not considered likely as the Site is currently
publicly owned and institutional controls will probably be
implemented at the Site following the RI/FS. The residential
development scenario will include ingestion of
groundwater/leachate, exposure to landfill gases and exposure
to soils, including those at seeps, as a result of residential
activities.

The first step of the exposure assessment process |is
contaminant release analysis. Significant release points will
be identified for each parameter of interest and indicator
compound, and the release point concentration will be
determined or estimated. The Field Sampling Plan, Appendix B,
Volume IX, provides details on the source characterization and
constituent characterization of pathways investigations that
will provide the necessary data for this step of the exposure
assessment,

The second step is the analysis of contaminant transport and

fate, a description of the extent and magnitude of
environmental contamination, including an estimation of future

Golder Associates
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conditions. A variety of computer models may be used in
conducting this phase of the exposure assessment.

Step three is an exposed population analysis. Human and
environmental receptor populations with the potential to be
exposed to contaminants from the Site are evaluated through
identification, enumeration, and characterization. In addition
to delineating which populations could come in contact with
contaminants from the Site, this analysis estimates how and
with what frequency and durations such contacts occur.

The fourth step is an integrated exposure analysis. In this
step, the individual contaminant specific exposure estimates
are developed. All exposure to each of the target or indicator
contaminants are identified for each human and environmental
receptor population. This analysis will alsoc evaluate exposure
rates and contaminant intakes for a reasonable maximum exposed
individual as recommended in the Risk Assessment Guidance for
Superfund. It is anticipated that long term chronic exposures
will be the concern at the Site.

The fifth and final exposure assessment step is an uncertainty
analysis. The exposure assessment process involves several
necessary estimates. These estimates are reviewed to identify
uncertainties and to evaluate their separate and cumulative
impacts on the results of the assessnment.

Golder Associates



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
- REGION V

IN THE MATTER OF:

YEOMAN CREEK LANDFILL FACILITY
LAKE COUNTY
- WAUKEGAN, ILLINOIS

ADMINISTRATIVE ORDER
BY CONSENT RE:

REMEDIAL INVESTIGATION
AND FEASIBILITY STUDY
- Respondents,
U.S. EPA Docket No.
Proceeding under Section 122(a)
and (d}(3) of the Comprehensive
Environmental Response,
- Compensation, and Liability
Act of 1980, as amended.

The United States Envirconmental Protection Agency ("U.S.
EPA"), Illinois Envirormental Prctection Agency ("IEPA") jointly
referred to herein as the "Agencies") and the Respondents have each

agreed %o the making and entry cf this Administrative Order by

— Consent ("Consent QOrder").

N 1. JURISDICTION
A, This Consent Order is .ssued pursuant to the authcrity

vested in the President of the United States by Section 122{a) and
- {(d) (3) of the Conmprehensive Environmental Response, Compensation,
and Liability Act of 1980, 42 U.S.C. Section 9601 et seg., as
anmended by the Superfund Amendments and Reauthorization Act of
1986, Pub. L. 99-499 ("CERCLA"), and delegated to the Administrator
of the U.S. EPA on January 29, 1987, by Executive Order
— 12580, 52 Federal Regjster 2923, and further delegated to the
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Assistant Administrator for Solid Waste and Inergency Response and
the Regional Administrators by U.S. EPA Delegation No. 14-14-C on
February 26, 1987 and to the Waste Management Division Director by
U.S. EPA, Region V, Delegation No. 1l4-14-C on September 14, 1987.
This Consent Order is also issued pursuant tc the authority vested
in the IEPA by the Illinois Environmental Protection Act, Ill. Rev.
Stat. Ch. 111 1/2, para. 1001 et seq.

B. The Respondents to this Consent Order agree to undertake
all actions required by the terms and conditions hereunder, and
consent te and will not contest or legally challenge the issuance
of this Consent COrder or the U.S. EPA's or IEPA's jurisdiction

regarding this Consent Order.

II. NOTICE OF ACTION

A. U.S. EPA has notified all potentially responsible parties
that it has identified as of the date of entry of <his Consent
Order of this acticn to the extent such notificaticsn .s required,
pursuant to Section 122(e) of CERCLA.

B. U.S5. EPA has notified the Federal Natural Resource
trustee of this action pursuant to the requirements of Section
122(§) of CERCLA. The IEPA has notified, pursuant to Section
104(b)(2T of CERCLA, the State Natural Rescurce Trustees, who are
the Director of the Department of Energy and Natural Rescurces, the
Director of the Department of Conservation, the Director of the
Division of Water Rescurces of the Illinois Department of

Transportation, and the Director of the IEFA.
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III. PRARTIES BOUND
_ A. This Consent COrder applies o and binds the fellowing

parsons as defined in Section 101(21) of CERCLA:

- (1) U.S. EPA, through the Waste Management Division
Directeor, Region V;
- (2) IEPA, through the Director:
(3) the individuals and corporations, their raspective

successors and assigness, (referred to collec-
tively as "Respondents") identified in Attachment
A of this Consent Order.
- B. Each of the undersigned representatives of the U.S. EPA,
IEPA and the Respondents certifles that he or she is fully
authorized to enter into the terms and conditions of this Consent
Order and to execute and legally bind such party to this document.
C. No change in ownership, corporate, or partnership status
— shall in any way alter the status or responsibility of the
Respondents under this Consent Order. The Respondents shall be
jointly and severally responsible for carrying out all actions
required of the Respondents by the terms and conditions cf this
Consent Order. Respondents shall te responsikle for ensuring that
- all contractoers, consultants, firms and other persons or entities
acting under or for it with respect to matters included herein
comply with the terms of this Consent Order. Respondents shall not
raise as a defense to enforcement of this Order that its officers,
directors, principals, employees, agents, servants, contractors,
- subcontractors, firms and/or other persons or entities acting under

or for them violated this Consent Order.
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Iv. STATEMENT OF PURPCSE
A. In enter:ing inte this Consent Order, the mutual

cbjectives of the U.S.EPA, IEPA and the Respondents are for the

Respondents: (1) to conduct a remedial investigation (RI) to

determine fully the naturs and extent of the rslease or thresataned
ralease of hazardous substances, pocllutants or contaminants from
the Yeoman Creex Landfill Facility, (2) to perform a feasibility
study (FS) to identify and avaluate alternatives for the appro-
priate extant of remedial action to prevent or mitigate the nigra-
tion or the release or threatened release of hazardous substances,
pollutants, or contaminants from the Yeoman Craek lLandfill
Facility, and (3) to implement certain measures consisting of

restricting site access, and eliminating presently existing

ercsion gullies, which shall be incorporated in the work to be

performed during the RI.

B. The activities conducted pursuant to %this Cocnsent Order
F

are subject to apprcval by the U.S. ZPA and IEPA as prcovided

nerein, shall emplcy scund scientific, engireering and csnstroctian
practices and shall be consistent with the National Contingency

Plan, 40 CFR Section 300.68(a) through (j) as amended, CERCLA, and

applicable State lavs.

V. PINDINGS OF PACT
Based upon information available on the effective date of this
Consent Order, and without admission of any fact, conclusions of

law or liability by the Respondents, the Waste Management Division
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Tirector of the U.S5. TPA, Regicn Vv, and <he Tizrestst £ <h: TTT
make the following findings:

A. The Yeoman Creek lLandfill (Facility) is located in the
City of Waukegan, lLake County, Illinois. The Facility was operated
as a sanitary landfill for the City of Waukegan and is presently a
closed and covered landfill owned and maintained by the Waukegan
Unit School District #60.

B. The Facility is approximately 40-50 acres in area and is
located south of Sunset Avenue, vest of Butrick Drive and east of
Elnwood and lLorraine Avenues in Waukegan, Illinois. The site is
not fenced and has unrestrictad access. Some erosion is occcurring
at two gullies on the western esdge of the facility. The south
boundary is a peat bog that continues to Edwards Field.

Apartments, homes and businesses directly border the Facility on
the east, west and north.

C. By contract with the City of Waukegan, National Disposal
Service of Illinois, Inc. operated the Facility frcm 13259 o
february 1969. The city then awarded the ccntract to T-X CT.ty
Disposal, Inc. who cperated the Facility until Septemter 1969.
Under the contract, each of these contractors was to collect and
dispose of all residential garbage within the City of Waukegan.
These comntractors were also permitted to accept waste materials
from private disposal companies. Since Yeoman Creek Landfill was
the only authorized municipal landfill in Waukegan for the period
in which it was in operation, some industrial wastes were sent for

disposal at the Facility through private disposal companies.
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D. Leachate seepage from the Facility is known to enter
7ecman Creek which is a tributary cof the Waukegan River emptying
into lake Michigan less than one mile from the Waukegan drinking
water aqueduct intake. Tests conducted by U.S. EPA in 1985
indicated the presence of PCBs and other organic chemicals in the
sediments of Ysoman Creek at the Facility and further downstream at
Yeoman Park.

E. The Facility is included in the National Priorities List

(NPL) of hazardous waste sites with a Hazardous Ranking Scora of

33.23.

VI. GCONCLUSIONS OF LAW

Based upon information available on the effective date of this
Consent Order, and without admission of any fact, conclusions of
law or liability by the Respondents, the Waste Management Division
Directar of the U.S. EPA, Region V, and the Direczer of IEPA make
the following conclusions of law:

A. The Yecman Creek Landfill, as defined .n Seczizn V., s a
"Facility” as defined in Section 101(9) of CERCLA.

B. "Hazardous substances" as defined in Section 101(14) of
CERCLA have been deposited, stored, disposed of, placed, or
othervise come to be located at the Facility.

c. The spilling, leaking, leaching, dumping, or disposing
of hazardous substances into the soils and groundwater at the

Facility, and the past, present, and potential migration of

hazardous substances from the Facility constitutes an actual and/or
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threatsanad "release" f hazargdous substances nt2 the
as datined in Section .01(22) of CERCLA.

D. The Respondents are "perscns" as defined in Section

101(21) of CERCILA.

E. The Resporncdents are liable persons pursuant to Section

107 of CERCIA and are potentially responsible parties for the
purposes of Section 122 of CERCLA,

VII. DEIERMINATIONS
Based on the foregoing Findings of Fact and Conclusions of
Law, the Waste Management Division Director of U.S. EPA, Region V,

and the Director of the IEPA have determined that:

A. Respondents shall promptly and properly take appropriate

response action at the Facility by conducting a Remedial

Investigation and Feasibility Study ("RI/FS"), and are qualified to
perfcrm the RI/FS: and

B. In order %o ensure corderly cocnduct cf the RI/FE, Lt is

-dh

necessary to implement access restr.cticns (l.e., a fence) and

- e - , -

arosion control measures,

c. The actions outlined in this Consent Order are necessary
Lo ensurq.tho protection of public health, wvelfare and the
environsant.

D. The acticns required by this Consent Order are in the
public interest and are consistent with the Naticnal Contingency

Plan, 40 CFR Part 300, as amended, (hereinafter "NCP") and with
CERCLA.
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VIII. WORK 7O DE FERFORMED

A. All work to be performed by the Respondents pursuant -p
this Consent Order shall be under the direction and supervision of
a qualified professicnal engineer or certified geologist. Prior ==
the initiation of work at the Facility, the Respondents shall
notify the U.S. EPA and IEPA, in writing, of the name, title, and
qualifications of the proposed engineer or geclogist, and of the
names of principal contractors and/or subcontractors proposed to be
used in carrying out the work to be performed pursuant to this
Consent Order. Selection of any such enginear or geologist or
contractor and/or subcontractor shall be subject to approval by the
U.S. EPA in consultation with the IEPA. If the U.S. EPA
disapproves of the Respondent's proposed engineer or geoclogist or
contractor or subcontractor, the U.S. EPA shall specify, in
writing, the bases for such disapprcval.

B. Attachment I %o this Ccnsent CJrder grovides a Statement
cf Work ("SCW") for the completizcn cf the RI/FS, including access
and ercsion csntrcl measures, The SCTW .s lnecrpcerated Lnte and
made a part of this Consent Order.

c. The following work shall be performed:

1. Within sixty (60) calendar days of the effective date
of this Consent Order, the Respondents shall submit a work plan to
the U.S. EPA and IEPA for a complete Remedial Investigation and
Feasibility Study (hereinafter RI/FS Work Plan). The RI/FS Work

Plan shall be developed in conformance with the SOW, the standards
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set forth in CERCLA, including Section 121 of CERCIA, the uCP, U.s.

e

EFA guidanca on remedial investigations and feasibility studies, as
aznended, "the Superfund Remedial Design and Remedial Action
Guidance," (February 1985), as amended, and any additional gquidance
documents provided by U.S. EPA. In the event that any such
additional guidance document is provided to the Respondents by the
Agancies after the effective data of this Consent Order, the
Respondents shall have fifteen (15) calendar days to revise the
Work Plan as necessary, and any time limits provided in this
Consent Order shall be extended as necessary to accommodate said
fifteen (1%5) day pericd.

2. The R1/TS WorX Plan submittal shall include, but not
be limited to, the following preoject plans: {1) an access restric-
tion and erosion control measures plan: (2) a field sampling plan:
(3) a3 health and safety plan: (4) a gquality assurance project plan
("QAPP"): (5) provisicns f=r the preparaticn of an endangerment
assessment plan: (6) a data management plan, and: (7} a schedule,
including specific dates fzr implementaticn of RI/FS tasks and
deliverables such as technical memoranda, preliminary and final
Remedial Investigation reports, preliminary and final endanger-
ment assessments, and preliminary and final Feasibility Study
reports... The preliminary and final Remedial Investigation reports
and the preliminary and final Feasibility Study reports shall be
prepared in accordance with the applicable U.S. EPA guidance.

3. The RI/FS Work Plan shall be subject to review,
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modification, and cppreval by the T.S. IFA 10 Consuilal.oia with the

IEPA.

4. Within forty five (45) calendar days of receipt of
the RI/FS Work Plﬁn. the U.S. EPA Project Coordinator shall netify
the Respondents, in writing, of approval or disapproval of the
RI/FS Work Plan, or any part therecf. In the event that a longer
reviev period is raquired, tha U.S. EPA Project Coordinator shall
notify the Respondents of that fact within thirty (30)

calendar

days of receipt of the Work Plan. In the event of any disapproval,
the U.S. EPA shall specify, in writing, any deticiencies and

required modifications to the RI/FS Work Plan.

5. Within fiftsen (15) calendar days of receipt of any
U.S. EPA RI/FS Work Plan disapproval, the Respondents shall submit
a revised RI/FS Work Plan to the U.S. EPA and the IEPA which

incorporates the U.S. EPA modificatizsns.

€. In the event of subsegquent U.S. EPA disapgr:cva

L

whe RI/FS wWork Plarn, =he U.S. EPA retalns =he ri

complete cr gpartial RI/FS and/or %o en

-

L))

- -
crze The Terms £ zhls

Consent QOrder.

7. The Respondents shall commence implementaticn of

the work detailed in the RI/FS Work Plan within fifteen (15)
calendar days after the RI/FS Work Plan is fully approved by
the U.S. EPA. The fully approved RI/FS Work Plan shall be
deemed incorporated into and made an enforceable part of this
Consent Order.

All work shall be conducted in accordance with the

National Contingency Plan, the RI/FS Guidance and the guidance
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specified in paragraph C.l., above, and the requirements of this
Consent Order, including the standards, specifications and

schedule contained in the RI/FS Work Plan.

IX. ELANS AND REPORTS

A. The Respondents shall provide a preliminary and final
Remedial Investigation Report and Feasibility Study Report and any
other plans or resports rsquired by the RI/FS Work Plan to the U.S.
EPA and the IEPA according to the schedule contained in the RI/FS
Work Plan.

B. The U.S. EPA shall approve, in consultation with the
IEPA, the preliminary and final Remedial Investigation Report, the
preliminary and final Feasibility Study Report, and any other
preliminary or final plans or reperts specified in the RI/FS Work
Plan as requiring U.S. EPA approval.

c. If the U.S. EPA, in c¢ensultaticn with the IEPA, disap-
preves any preliminary cr f£inal plan cr regort, the U.S. EPA shall
specify, in writing, any defic.enci:es and regquired nsdiflizatlcons
and the Respondents shall submit a revised plan or report to the
U.S. EPA and IEPA within forty five (45) calendar days or such
longer peariod as the U.S. EPA Project Coordinator may establish,
which plan or report shall incorporate any U.S. EPA modifications
or additions.

D. In the event of subsequent disapproval of any revised
plan or report, the U.S. EPA, and the IEPA under State authority,

retain the right to perform additional studies, to conduct a
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ccmplete or partial RI,SFS, and/or to enforce tlle terms of this

consent Qrder.

B. The Respondents shall provide monthly writtan progress
reports to the U.S. EPA and the IEPA. The past reportable month
refers o the month immediately precading the report submittal
date, and the next rsportable month refers to the month following
the report submittal date (e.g., for a report due February 20, the
past reportable month is January, and the next reportable month is
March). At a minimum, these monthly written progress reports shall
include the following:

1. A description of the action during the past
reportable month which has been taken toward
achieving compljiance with this Consent Crder,
including all plans and procedures completed, and
changes in Kkey personnel:

2. A description of difficulties encountered during
the past reportable month, and 3ll act.icns taken
to rectify the difficulzt:es:

3. All results of sampling and tests produced
during the past repertable month, relating
to the Facility, and subjected to the QA/QC
program;

4. Results or a description of sampling and tests
produced during the past reportable month,
relating to the Facility, but not subjected to

the QA/QC program. Results of all such sampl-
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ing and tests, whether subjected to the QA/QcC
pregram or net, shall be submitted by the nex:
monthly written progress report:
All plans, procedures, actions, and data which are
scheduled for the next reportable month;
Target and actual ccmpletion dates for each
elepent of activity, including the project comple-
tion, and an explanation of any deviation from the
schedules in the RI/FS Work Plan schedule:; and
A description of any observed change in the cap
and site security during the past reportable
month, including but not limited to, erosion and

leachate.

F. The monthly written progress reports shall be submitted

to the U.S. EPA and the IEPA by the twentieth (20) business day of

- each nmonth following the date of ccmmencement of the work detailed

in the RI/FS Werk Flan.

X. A A CORRESPONDENC

Documents, including reports, approvals, disapprovals and

- other correspondences to be sent by certified mail or any other

form of mail delivery which records the date of receipt to the

following addresses, or to such other addresses as the Respondent,

the IEPA or the U.s. EPA may hereafter designate for themselves in

Wwriting:
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A. Documents -2 re subrirted o the 7.%. TPA should

be sent to:

Richard Boice

Remadial Project Manager

Remedial and Enforcement Response Branch (SHS-11)
U.S. Environmental Protection Agency

Region V

230 S. Dearborn Street

Chicage, Illinois 60604

B. Documents to be submitted to the IEPA should
be sent to:
Scott Mover
Project Manager
Division of Land Pollution Control
Illinois Environmental Protection Agency
2200 Churchill Road
Springfield, Illinocis 62706
c. Documents to be submitted to the Respondents should be
sent to a name and address to be designated by the Respondents
within ten (10) calendar days of the effective date of this

Consent Order.

XI. ADDITIONAL WORK

A, In the event that the U.3. TFA, the IIFA =r ==e

Respondents determines that additional work, including remedial
investigatory work and/or engineering evaluaticn, is necessary to
accomplish the objectives of the RI/FS, written notification of
such additicnal work shall be provided to each of the other
parties.

B. Any additional work determined to be necessary by the
Respondents shall be subject to approval by the U.S. EPA, in

consultation with the IEPA.
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c. Any additioral work determined tI & NEIe33il, Ly “he
Respondents or the IEPA and approved by the U.S. EPA, or determined
to be necessary by the U.S. EPA in consultation with the IEPaA,
shall be completed by the Respondents in accordance with the stan-
dards, specifications, and schedule determined or approved by the

U.S. EPA in consultation with the IEPA and shall be incorporated

into this Consent Order and made an enforceable part thersof.

XII. COMPLIANCE WITH APPLICABLE LAWS
All work undertaken by the Respondents pursuant to this
Consent Order shall be performed in compliance with all applicable
Federal and State laws and regulations, including all Cccupational
Health and Safety Administration and Department of Transportation
regulations. The Respondents shall be responsible for cbtaining

all State or local permits which are necessary for the performance

of any work hereunder.

XIII. ACCESS

A. To the extent that the Facility cr cther areas, where
work is to be performed hereunder, is presently owned by parties
other than those bound by this Consent Order, the Respondents shall
obtain, or shall use their best efforts to obtain, access
agreenents from the present owners within thirty (30) calendar days
of approval of the RI/FS Work Plan. Such agreements shall provide
access for the Respondents, the U.S. EPA, the IEPA and authorized

representatives of the U.S. EPA and the IEPA, as specified below.
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n the event that such acTess agreements are not cbhbtained within
the time referenced above, the Respondents shall so notify the U.sS.
EPA and the IEPA, in writing, and shall specify the efforts tpo
obtain access, and the responses thereto. If, despite the
Respondents' best efforts to obtain access under this provisien,
the Respondents are unable to obtain access necessary %o carry out
the terms of this Consent Order, the Director, Waste Management
Division, U.S. EPA, Region V agrees to recommend that the U.S,
EPA's authority under Section 104 (e) of CERCLA be exercised to
secure such access on behalf of the Respondents. This agreement
shall be subject to the following: (1) The U.S. EPA's
determination that Respcndents have exercised best efforts to
obtain access necessary to carry out the terms of this Consent
Order: (2) U.S. EPA guidance, including, but not limited to
guidance entitled "Entry and Continued Access Guidance Under
CERCLA," dated June 5, 1987; (3) consultation with the U.S. EPA's
Office of Regicnal Counsel, the U.S. EFA's Office of Enforcement
and Czempliance Men:itering and, ©o the extent necessary,

concurrence by the Department of Justice: and (4) agreement Ly the
Respondents to cooperate with U.S. EPA in the exercise of this
authority. The Respondents are advised that the expenses incurred
by the United States in gaining access are response costs for which
the Respondents may be liable. The U.S. EPA reserves the right to
terzinate this Consent Order should the Respondents' inabiljity to
gain access to the Facility or other areas materially affect the

Respondents' ability to perform the work required herein.
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B. Authorized representatives cf the U.S. EPA and the IFPA
shall be allowed access to the Facility and other areas by the
Respondents, and as part of any agreement obtained under Paragraph
A above, for purposes including, but not limited %o: inspecting
records, operating logs and contracts related to the Facility;
reviewing the progress of the Respondents in carrying out the tsrms
of this Consent Order; conducting such tests, inspections, and
sappling as the U.S. EPA and the IEPA may deem necessary; using a
camera, sound recording, or other documentary type equipment: and
verifying the data submitted to the U.S. EPA and the IEPA by the
Respondents hersunder. Subject to applicable attorney-client and
work preduct privileges as defined in Section XXI.B., below, the
Respondents shalil permit such authorized representatives to
inspect and copy all records, files, photcgraphs, documents, and
other writings, including all sampling and monitoring data, which
pertains to this Ccnsent Order. All perscns with access to the
Facility pursuant %o the Consent Crder shall comply with approved
health and safety rlans.

c. Nothing herein shall be ceonstrued as restricting the
inspection or access authority of the U.S. EPA or the IEPA under

any law or regulatioen.

XIV. PROJECT COORDINATORS
A. On or before the affective date of this Consent QOrder,
the U.S. EPA, the IEPA and the Respondents shall each designata a

Project Coordinator. Each Project Coordinator shall be responsible
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for overseaeing the implementation of this Consent Crder. The (.5,
EPA Project Coordinator will be the U.5. EPA designated representa-
tive at the Facility. The IEPA Project Coordinator will be the
IEPA's designated representative at the Facility. To the maximum
extent possible, communications betwaen the Respondents, the IEPA
and the U.S. EPA, and all documents, reports, approvals and other
correspondencss concerning the activities performed pursuant te the
terms and conditions of this Consent Order, shall be directed
through the Project Coordinators. During implementation of the
RI/FS Work Plan, the Project Ccordinators shall, whenever possible,
operate by consensus and shall attempt in good faith to resolve
disputes informally through discussion of the issues.

B. The U.S. EPA, the IEPA and the Respondents shall each
have the right to change their respective Project Coordinators.
Such a change shall be accomplished bty notifying each -{ the other

parties in writing at least ten (10) calendar days prior %= the
change.

~

c. Trhe U.5. EZIPA Project Cogrdiratcr shall nave the autgthericty
vested in an On-Scene Coordinator and a Remedial Project Manager
(0SC, RPM) by the National Contingency Plan, 40 CFR Part 100, as
amended, including the authority to halt, conduct, or direct any
work required by this Consent Order, or to direct any responsa
action undertaken by the U.S. EPA when conditions at the Facility
may present an imminent and substantial endangerment to the public
health or welfare or the environment. In the event that the U.S.

EPA Project Coordinator halts or substantially modifies work
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specifically requirad by tha wWoerll FPlan pursuant Iz this paragraph,
the Respondent may request a nodification of the schedule or werk
described in the RI/FS Work Plan and this Consent Order.
D. The absences of the U.S. EPA or IEPA Project Coordinator
from the Facility shall not be cause for stoppage of work.
E. The Project Coordinator for the Respondents or his desig-

nated representative shall be on-site during all hours of sita work

and shall be on call during the pendency of this Consent Order.

XV. SAMPLING AND OATA/DOCUMENT AVAILABILITY

A, The Respondents shall make the results, including raw
data, of all sampling and/or tests or other data generated by the
Respondents, or on behalf of the Respondents, pursuant %o
implementation of this Consent Order, available to the U.S. EPA and
the IEPA, and shall submit these results in written monthly
progress reports as required by Section IX of this Consent Order.

B. At the reguest cf the U.S. ErA cr =he IZFA, the Respond-
ents shall provide spiit or duplicate samples 2 the U.S. EPA cor
the IEPA of any samples collected by the Respondents pursuant to
the implementation of this Consent Crder. The Respondents shall
notify the U.S. EPA and the IEPA at least ten (10) calendar days
or such other time period as may be agreed upon by the project
coordinators, in advance of any sample collection activity. 1If the
Agencies take their own samples, they shall provide Respondents a

reasonable opportunity to collect split or duplicate samples.
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c. Pursuant <> applicable Federal laws and reqularinme,
(Secticn 104 (e) of CERCLA and 40 CFR Part 2), the Respondents may
assert a confidentiality claim with respect to any or all of the
information rsquested cr submitted pursuant to the terms of this
Consent Order. Such an assertion must be adequately substantiated
when the assertion is made. Analytical data and other information
described in Section 104(e) (7) (F} of CERCLA shall not be claimed as
confidential by the Respondents. Information determined to be
confidential by the U.S. EPA in accordance with applicable Federal
laws and regulaticns will bs afforded the full protection provided
by such laws and regulations. Information detarmined to be
confidential by IEPA pursuant to applicable State laws and
regulations will be afforded the full protection provided by such
laws and regulations. If no confidentiality claim accompanies
information when it is submitted to the U.S. EPA and the IEPA, or
if information clainmed as confidential is determined by the U.S.
EPA or the IEPA neot o te confident:al, the :.nformation nay te made

available to the puplic by the U.S.

(M}

TA Ir the IZIFA.
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XVI. QUALITY ASSURANCE

A. The Respondents shall use qualjity assurance, quality
control, and chain of custody procedures in accordance with U.S.
EPA "Interim Guidelines and Specifications for Preparing Quality |
Assurance Project Plans" QAMS-005-80 (U.S. EPA, 1980c) throughout

all data collection activities.
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4.0 TOXICITY ASSESSMENT

To assess the risks associated with the release of
contaminants, a comparison is performed between the acceptable
levels of contamination and the actual levels identified in the
exposure assessment. Contaminant-specific ARARs, when
available, will be used to determine acceptable levels. When
contaminant specific ARARs are not available, acceptable levels
will be based on either regulatory advisories or guidance
values (to-be-considered values) or on environmental
concentrations that will yield exposures no greater than either
of the following:

. The reference dose (RFD) for non-carcinogens, and

. The risk specific dose (RSD), in the range of 107 to
10  excess lifetime cancer risk, for carcinogens.

Toxicity information available through the Integrated Risk
Information System (IRIS) and the Health Effects Assessment
Summary Tables (HEAST) will be utilized to identify appropriate
RFDs and carcinogenic slope factors necessary to determine
acceptable environmental concentrations.

The acceptable environmental concentrations, as determined from
the contaminant specific ARARs, the regulatory guidance, or the
risk-based determinations, will be given priority in
establishing contaminant specific cleanup goals for the final
corrective measures.

Golder Associales



July 1991 E-8 893-8026

5.0 RI (& 12

The final subtask of the baseline assessment involves the
characterization of risks whenever the potential for adverse
human health or environmental impacts are predicted for a
receptor population. A summary of the risks posed by the Site
will be generated. Such factors as the weight of evidence
associated with toxicity information, estimated uncertainties
associated with the previous subtasks, and assumptions
contained within the estimates used will be incorporated into
the summary.

(26010913.WP1/cap)

Golder Associates
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1.0 INTRODUCTICON AND OBJECTIVES

This Data Management Plan presents a program for systematically
managing information acquired during RI/FS activities to be
conducted at the Site. This plan describes the procedures for
tracking information, measurements and observations, as well as
a system for uniformly recording project data. In addition, a
summary of likely data presentation displays to be used for
both raw data and final data that are generated as part of the
RI/FS activities are discussed below.

The Data Management Plan has been designed tc satisfy the
following objectives:

« Identify and establish data documentation materials and
procedures for the RI/FS activities;

+ Develop and establish project file requirements to allow
collection and tracking of project materials;

+ Identify project related progress reporting procedures
and documents to be used in this regard;

+ Provide anticipated formats to be used to present raw
data and conclusions of the RI/FS activities.

An extensive amount of site characterization data will be
generated during the RI/FS activities at the Site, In
addition, records, documents, correspondence, and other
critical information will be generated. These validated data
and other information will be used to evaluate the need for,
and the selection of, remedial actions for the Site. The
integrity of the data and information is critical to the
quality of the final decision., Therefore, it is essential that
the data and information be properly managed to provide for
access by authorized persons and the adequate tracking of
receipt, storage, and control both during and after the RI/FS
process.
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This Data Management Plan describes the types of data and
information that are expected to be collected and the types of
procedural controls that will be enacted to assure its
integrity. The procedural controls comprise a Data Management
System (DMS) that is also described within this plan.

Golder Associates
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2.0 OF DATA TO B 8] ED AND ANATLYZ

The data and information collected during the RI/FS process
have Dbeen divided into two categories; technical data and

administrative data. These two types of data are discussed in
greater detail below.

2.1 Technical Data

Examples of technical data and information that are generated
through the RI/FS process and need to be included in the DMS
are provided in Table F-1. The raw data represent the actual
field and laboratory measurements or observations that will be
made during the RI/FS process. The summary data represent the
first-order analysis of raw data.

2.2 Administrative Data

Examples of administrative data and information that are
generated through the RI/FS process and need to be included in
the DMS are provided in Table F~2. Administrative data are
data that are required for the performance of the project but
cannot be considered field or laboratory data.

A library of applicable EPA guidance documents and other
pertinent documents will be maintained.
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3.0 DATA TRACKING

As indicated in Section 1.0, adequate tracking of the data
types listed in section 2.0 must be provided. This section
describes the data tracking system that will be employed during
RI/FS activities at the Site including project data flow,
project documentation materials, and project files.

3.1 Project Data Flow

A schematic representation of project data flow is included in
Figure F-1. As indicated in this figure, all project
information will reside in a central project data base and
filing system which will be maintained at the Golder
Associates' Chicago, Illinois office. Field information
collected by Golder Associates' personnel and subcontractors
will be recorded using the uniform field data collection sheets
described in the RI/FS Work Plan, the Field Sampling Plan, the
Quality Assurance Project Plan, and in the referenced
attachments. These records will be stored in the project data
files and pertinent information for use in data assessment will
be entered into the project data base for later merging with
laboratory results as appropriate. This project data base and
filing system provides a means of tracking and assuring that
all samples collected in the field can be accounted for through
the laboratory and during subsequent stages of data analysis.

Laboratory analysis data, which will be generated by CompuChem
Laboratories, Mid-Pacific Environmental Laboratory, and Warzyn
Analytical Laboratories, will be tracked by Golder Associates'
personnel through the evaluation of hard copy laboratory
results,. Upon transmittal from CompuChem Laboratories or
others, laboratory results from a given sample or sample set
will be merged with corresponding field records. These data,
field observations and records, and laboratory measurements,
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will be subjected to quality control review by the technical
staff, and validated. This quality assured information will
then form a final data set in the project data base and file
system. Subsequent phases of the data flow chart, as indicated
in Figure F-1, describe the preparation of preliminary data
summary information, and the review and refinement of this
information resulting in completion of the draft RI and FS
reports.

3.2 Project Documentation Materials

Standardized project forms and formats have been developed for
the collection of field data and observations, recording of
laboratory information, and routine project communications.
These forms and formats for data collection are discussed in
the RI/FS Work Plan, the Field Sampling Plan, the Quality
Assurance Project Plan, and in the attachments referenced in
these sections. Routine project communications will be
documented on standardized forms for telephone communications
and project memoranda.

3.3 Project Files

To accommodate the diversity of information that will be
accumulated during the RI/FS activities, a project filing
system will be developed to integrate and track project data
and historical information. The system will be structured to
permit collection of files of one type to be collected
together. The skeleton structure of the filing system is shown
on Table F-3. All project records will be logged in and filed
to allow for careful tracking of both internal and external
communications.

The filing system is fundamental to the orderly referencing of
correspondence, reports, calculations, and other information
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— relating to the project. The filing system will be carefully
maintained so that information can be readily retrieved when
— required.

There are a number of basic procedures which must be followed
to prevent a breakdown in the system.

* All incoming items must be logged in and stamped with a
circulation stamp and given an index reference number and
item number. The item is then circulated to the

— appropriate personnel, as directed by the Project
Manager. After circulation, the item is returned to the
project secretary and placed into the central file.

+ All information must be returned to the files as soon as
— possible. Copies of items may be made to assist project
team members maintaining current information,

particularly in calculation files.

+ When any file folder, report, drawing, or other data is
— removed from the file, a file record card will be
completed and placed in the file where the folder was

removed, until the information is returned.
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4.0 DATA RECORDS

This section describes data record requirements and the project
data base including the identification of existing Data
Management Systems and data entry and review.

4.1 Data Record Regquirements

A data record for information cecllected during RI/FS activities
will be developed to provide all information needed to
subsequently analyze and assess the results of the field and
laboratory work. Data records require consistent labeling and
recording of field observations to facilitate future data
reduction and analysis, and to eliminate the need for
speculation concerning the quality of observations or the
influence of environmental factors on an ultimate result. The
following requirements will be met by the data record:

*+ Unique sample or field measurement code;

« Sampling or field measurement location and sample type:
* Laboratory analysis measured;

* Property or component measured;

* Results of analysis (concentration);

+ Detection limit; and

+ Reporting units.

All data collected during the investigation will be accounted
for and reported to the agency including suspected outliers or
samples contaminated due to improper collection, preservation,
or storage procedures. Data that are invalidated during the
guality control assessment should be marked as such, and

reference made to explanations relating to the reasons for data
invalidation.
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In addition to the above, certain field information must be
recorded during sample collection to document procedures used
and to indicate the prevailing conditions during the time of
sampling. This information includes:

» Name and address of sampler;

+ Purpose of sampling;

+ Date and time of sampling:

« Sample type and suspected contaminants;
« Sampling location description;

- Sampling method, sample containers, and preservative
used;

+ Sample weight or volume;

* Number of samples taken:;

+ Sample identification numbers:;

+ Amount purged for ground water monitoring well sampling;

» Field observations (prevailing weather conditions and
other relevant factors that mnight influence sample
integrity):

* Field measurements conducted; and

- Name and signature of person responsible for cbservation.

In addition to the above information, unusual conditions
encountered during sampling should be described to allow
interpretation of erroneous data at a later date.

Each sample collected as part of this investigation will be
assigned a unique sample number that will include some of the
information outlined above. These sample identification
numbers will be maintained in a project data base to allow
tracking of sample status throughout the project.
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4.2 Proiject Data Base

If, after evaluation, it is decided that an electronic data
base system is required, information gathered during the RI/FS
activities at the Site will be stored, tracked, and evaluated
using a PC based data base system in the Golder Associates' .
Chicago office. If an electronic data base is not required,
the filing system described above will be used as the data
base. If an electronic data base is required, it will be
developed using existing software and data handling systems to
allow electronic manipulation of data at an early stage, and
avoid errors associated with data transcription.

4,2.1 Identification of Exjisting Data Management Systems

Data management systems often are implemented electronically
providing on-line access to data. Golder Associates will
evaluate the need for this type of system. No electronic
database system of site data currently exists. If it is
determined that this type of system is required or will be cost
effective, available commercial software packages will be
evaluated. Several packages that have been successfully used
in other RI/FS investigations include: RBASE, DBASE, FOXBASE,
and ORACLE.

Regardless of the specific database system implemented, or
which software package, if any, is used, extensive QA/QC will
be used to ensure that the data are accurate and appropriate
for inclusion in the evaluation of remedial alternatives.

4.2.2 Data Entry and Review

Data collected in the field will be entered into the data base
and hard copy records kept in the project file using a project
specific file system. Upon entry of the sample collection
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data, tracking of these data elements will begin and continue
through their 1life in the project. As laboratory data are
merged with field records, new data files will be created that
include the current status (validated, etc.) of the
information. 1In addition, review of the data will necessitate
the inclusion of comments and remarks (indicated by a data
flag) to describe data that is qualified based on failure to
meet criteria. These flags will be included in the data base
so that final interpretation and assessment of project results
will be based upon best available knowledge of the status of
each measurement and observation made during the project.
Figure F-1 describes the overall flow of project data and
indicates the use of the project data base and files during
various stages of data evaluation. To the extent possible,
checking, evaluation, and assessment will be done
electronically through the use of the Golder Associates!
computer system to provide a cost effective and efficient means
of tracking information, and to reduce transcription errors by
eliminating the need for this procedure.
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5.0 TECHNICAL DATA MANAGEMENT

The management of technical data including field data,
subcontractor data, and calculation are described in this
section.

5.1 Field Data

All field activities will be overseen by Golder Associates.
The Golder Associates site representative will be responsible
for entering all daily field activities, measurements and
observations in a bound field log book. All data will be
recorded legibly in the log book with each day's entries signed
and dated. The field 1log book will be assigned an
identification number and all pages will be numbered so that
continuity of the log book can be checked. All entries will be
made in ink. The personnel responsible for the changes will
initial and date all modifications to the log. Upon completion
of all field work, the field log book will be assigned a file
number and placed in the project file.

In addition to the field log book, daily field report forms
will be completed by the site representative. These forms may
include, but may not be limited to, Daily Drilling Reports,
Daily Field Reports, and Measurement of Groundwater forms. All
forms will be signed, dated, issued a file number, and placed
in the project file.

During sampling activities, chain-of-custody forms will be
completed. These forms will accompany the samples to the
analytical laboratory and will serve as a record of any
transfer of possession of samples. Completed chain-of-custody
forms will be included with the laboratory analytical results
report.
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5.2 Subcontracto at

All subcontractors must comply with the requirements of the
Quality Assurance Project Plan (QAPP). Subcontractors who have
QA programs in place are required to submit the QA programs to
the Golder Associates Project Manager prior to initiating any
project related activities. Subcontractors are responsible for
making any necessary revisions to the program to meet the
general requirements of the Project QA Plan. If a
subcontractor does not have a QA program or if such a program
does not meet the requirements of the Project QA Plan,
personnel and activities of the subcontractor will be
controlled by the requirements of the Plan. In this regard,
all data from subcontractors are reduced, validated and
reported in accordance with the Project QA Plan.

Activities of subcontractors will be audited periodically by
the Golder Associates QA Officer. This audit may be conducted
through surveillance visits or through reports provided by
individual subcontractors. All audit findings will be reported
to the Project Manager and the audited subcontractor. Audit
results will be included in the appropriate Quarterly Report or
in technical memoranda. Also, a discussion of the validity of
the data affected by the audit results will be incorporated
into the appropriate report. All documents supporting major
QA/QC actions resulting from audits or identified during the
progress of the work, will be maintained in the project files
and quality assurance files, Documents generated by the
contract analytical laboratory, or other subcontractor, will be
transferred to the project files upon completion of assigned
project activities,
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5.3 Calculations

The management of data used in, and generated by, technical
calculation including the preparation of calculations and
calculation files is discussed in this section.

5.3.1 General

Engineering calculations include design calculations, quantity
estimates, cost estimates and any other material of a similar
nature which has permanent value in relation to the project.
The following instructions provide the basic procedures to be
followed in the preparation of such calculations.

5.3.2 Preparation of Calculations

Calculations shall be legible, concise and prepared in a
logical sequence, with the steps adequately described. The
result must be understandable to another engineer who may not
be familiar with the calculation.

All calculations shall be prepared under the direction of the
Project Manager. All calculations must be checked. The
checker must be of such competence that he could originate the
calculations.

Calculations on a computer must be adequately documented. The
documentation should be understandable to personnel unfamiliar
with the computer program. Computer outputs must always be
checked for errors in the program or the information input.
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5.3.3 Calculation Sheets

Calculations shall be prepared on Golder Associates standard
calculation sheets. All sheets shall be completed in the title
section with:

+ job number;

+ file number;

+ sheet number;

« an adequate description of the calculation;
« analysts' initials and date;

« checker's initials and date;

- reference to reports, papers, sketches, drawings and
relative correspondence; and

« QA/QC requirements for the preparation of drawings and
specifications.

5.3.4 Calculatjon Files

Calculation sheets shall be filed in standard folders and,
where applicable, each folder shall contain at least the
following information in the order shown:;

+  index:

- summary page(s) listing design objectives, conclusions
and recommendations;

« design criteria;
+ detailed calculations;
+ QC/QA requirements for drawings and specifications; and

+ appendix (reference material).
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All calculation file folders will contain the appropriate file
number for the project involved, as specified in the File
Index.

The folder will be submitted to the Project Manager for
approval, who will, if necessary, submit the calculations for
the review by other individuals in the project or for peer
review by others outside the project.

When the Project Manager has indicated final approval on the
calculation file, the calculations will be inserted in the file
folder. The file folder number and description will be entered
in a calculation log book and the folder will be filed in the
appropriate project file.

5.4 Document Control

A Document Approval List identifying personnel responsible for
document review and approval will be compiled.

Reports (internal and external) for the project will be given
appropriate project file numbers. Distribution of reports will
be determined at the time of document preparation. All
documents issued for final use on the project will have
controlled distribution. Draft documents will not be
controlled, but will be stamped DRAFT.

5.5 Drawings
No engineering design drawings are expected to be generated in
conjunction with the RI/FS activities. If drawings are to be

generated, this Data Management Plan will be amended to include
the corporate drafting procedures.
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6.0 SENT ON

6.1 Data Presentation Objectives

RI/FS data will be arranged and presented to facilitate
interpretation and understanding of this information as it
pertains to the overall objectives of the investigation.
Typical data displays include tabulation of measurements and
observations and graphical displays to summarize information as
it relates to conditions present at the Site. It |is
anticipated that raw data will be evaluated predominantly
through use of the appropriate tables and screening procedures
to evaluate outliers, produce summary statistics and
information, and provide validated data sets. Final data will
be assessed using a variety of summary procedures, including
tabular and graphic forms.

6.2 Raw Data

Raw data will be evaluated in tabular form using Golder
Associates project data base software, electronic spread sheets
such as LOTUS 123 or EXCEL, or other software such as SURFER,
GRAPHER, or Harvard Presentation Graphics. In addition, data
will be sorted and evaluated by examination of its relationship
to the Site to determine the presence of outliers or invalid
data points. Once raw data have been screened and the data
assessment has been completed, final tables and displays will
be prepared.

6.3 Fina] Data

Final project data will be displayed using a variety of tabular
and graphical displays to allow interpretation and development
of a clear understanding of the nature of any potential
contaminant releases from the facility. Graphical displays
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that might be appropriate for use at the Site include the use
of bar and line graphs, cross-sectional plots, work and plan
maps to examine changes in concentration with time, depth and
distance from a suspected source, and display sampling
locations and areas.

Spatial distribution of contaminants found will be examined
through displaying contaminant concentrations on site facility
maps representing the various sampling points. Contaminant
isopleth maps will also be prepared for groundwater to indicate
groundwater flow and contaminant concentration patterns.

Subsurface information will be displayed using vertical
profiles and cross-sections to allow an examination of the
change in so0il or groundwater contamination with depth.
Hydrogeologic cross-sections will be used as appropriate to
determine more fully the impact of potential releases from the
Site on groundwater. It may also be necessary to prepare three
dimensional plots and/or stratigraphy fence diagrams for
adequate description of features present at the Site.

Final data reporting will include both graphical and tabular
presentations, as well as a discussion of summary statistics

and other mathematical simulations used in evaluating project
data.
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7.0 D MANAGEME P RELATIVE TO OTHER RI/FS WOR
PLAN COMPONENTS

The DMS will provide for receipt and control of validated data
obtained through implementation of the Work Plan, the Field
Sampling Plan, and the Health and Safety Plan. The Quality
Assurance Project Plan provides specific procedural direction
and control for cbtaining and analyzing samples in conformance
with applicable requirements to assure quality data and results
of analyses. The Field Sampling Plan provides the detailed
logistical methods to be employed in selecting the location,
depth, frecquency of collection, etc., of media to be sampled
and in methods to be employed to obtain samples of the selected
media for cataloging, shipment, and analyses. The data that
result from the analyses will be entered into the DMS for
subsequent control and tracking. In a similar manner, data
from field and bench tests of potential remedial techniques
will be entered into the DMS. Procedural controls for such
testing are specified in the Quality Assurance Project Plan.

Specific directions and logistical methods to be employed for
field and bench testing will be provided prior to initiation of
these activities. Site and personnel health data needed to
assure worker safety will be specified in the Health and Safety
Plan, which will also specify the manner in which these data
are to be obtained. Personnel health records will be protected
and secured in such a way that only authorized personnel will
have access to these data.

(26010914 .WP1/cap)
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TABLE F-1

TYPES OF RI/FS STUDY TECHNICAL
INFORMATION AND DATA TO BE INCLUDED
IN THE DATA MANAGEMENT SYSTEM

Raw data/sample = Groundwater samples
analyses - Sediment samples
~ Soil samples
- Surface water samples
- LNAPL samples
- Air samples (from health and
safety monitoring)
- Landfill gas samples (from gas
probes)
- Personnel exposure monitoring
records
- Site descriptive information
- Pilot/bench test data
- Engineering design data

Summary data - Analytical results of
environmental media by time,
location, depth, contaminant,
etc.

- Health risk assessment results
- Engineering results

Sampling/analyses/ - Sampling schedule
data handling - Sample collection procedures
- Field/laboratory notebooks
- Analyses scheduling
- Laboratory quality
assurance/quality control
- Calibration tracking
- Instrument coordination
- Data entry procedures
- Data reduction, validation,
storage, and transfer
procedures

Golder Associates



July 1991

893-8026

TABLE F-2

TYPES OF RI/FS STUDY ADMINISTRATIVE
INFORMATION AND DATA TO BE INCLUDED
IN THE DATA MANAGEMENT SYSTEM

Project management - Project schedule and

Personnel

milestones

- Project cost

- Equipment, personnel, and
supplies scheduling

- Document tracking

- Subcontractors

- Project quality assurance/
quality control procedures

- Personnel training and
qualifications

- Occupation exposure reports

- Personnel health and safety
records

Compliance/regulatory - Applicable or relevant and

appropriate requirements
(ARARs)
- Screening levels
- Guidance document tracking
- Compliance issues
- Problem resolution
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