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I. Introduction

Through the Occupational Safety and Health Administration (OSHA) the National Association for
Surface Finishing (NASF) Alliance, NASF developed this manual to provide practical information on
industry recommended work practices to improve safety and health in metal surface finishing
facilities. The purpose of these work practices is to identify potential hazards associated with
metal finishing operations and the precautions that should be adopted for the safety and health of
all personnel involved in these processes. This manual identifies safe work practices that may
reduce the potential for exposure to workers. Workplace safety and health checklists are also
provided in Appendix A to assist owners and operators of metal finishing facilities in assessing
what areas may need to be addressed to improve workplace safety and health.

Surface finishing facility owners should make this manual available to metal finishing managers,
line supervisors and employees. It should be noted that the information contained in this manual
is not necessarily mandatory, but rather suggested practices based on general industry standards.
Accordingly, not all facilities will need to implement all of the work practices addressed in this
document.

This document is also not a complete set of all of the work practices needed to ensure compliance
with the applicable federal, state and local health and safety regulatory requirements. In many
instances, facilities may have to do more to comply with the applicable regulatory requirements
and should consult with local and state regulatory officials or experienced consultants on the
specific requirements that may apply. To assist facilities in focusing efforts to improve workplace
safety and health, a list of common OSHA citations for metal finishing operations is provided in
Appendix B.

The NASF, OSHA and other organizations also have other resources, guidance and training to
assist surface finishing employers in complying with the regulatory requirements. A list of
compliance assistance resources that may be helpful for surface finishing facilities is provided in
Appendix C.

II. Facility and Process Design

All metal finishing facilities and process lines should be designed to provide the safest working
conditions possible. For existing operations, on-going inspections should be conducted to provide
continuous improvement in safety. Where an inspection or near-miss indicates that there is an
immediate threat to health or safety, action to control the hazard should be taken without delay.

For new and rebuilt lines, consideration should be given to allow for adequate space and access to
the back of process lines where pumps and transfer piping are often installed. Bright lighting,
especially for manual plating and maintenance operations is imperative.



1. Hazard Assessment

Before deciding on the type of engineering controls to use at the facility, an overall hazard
assessment must be done to determine which method(s) would be most effective in reducing the
exposures at the facility. Upon completion of the assessment, the facility should prepare a
detailed report of findings and suggestions to improve existing engineering controls or implement
additional measures to reduce exposures.

Keep in mind some facilities have multiple ventilation systems, and many different types of
chemicals are used in surface finishing processes or production tanks. The optimal process
temperature, chemical makeup, and process configuration of two different metal finishing
operations can, and often do, vary widely. For this reason, an initial hazard assessment should be
conducted to determine the most effective control methods.

III. Engineering and Work Practice Controls

Protecting employee health and safety are the primary objectives in an industrial metal finishing
operation. Regulatory limits such as the Permissible Exposure Limit (PEL) and guidance such as
Threshold Limit Value (TLV®) are used to define a healthy workplace environment. These
exposure limits are found in the applicable OSHA regulations and American Conference of
Governmental Industrial Hygienists (ACGIH®) Industrial Ventilation Manual, the 26" edition. To
adequately protect workers from chemical exposures and injuries from occupational hazards at a
metal finishing operation, facilities will need to control the air contaminants by first using
engineering controls, which are the most effective approach, and second apply work practice
controls. When these controls are infeasible, or do not completely control the hazard, facilities
can provide further protection for employees through the use of appropriate PPE, including
respirators. This section will address these three common control methods in the order of
protectiveness.

Metal finishing facilities commonly use a variety of engineering controls to protect workers from
exposures to air contaminants. These include local exhaust ventilation and general dilution
ventilation, eductors, fume suppressants, surface tension reducers, rinse practices, and product
substitution. This section will address each of these control methods.

1. Ventilation Systems

Industrial ventilation is a method of controlling worker exposures to airborne toxic chemicals or
flammable vapors by exhausting contaminated air away from the work area and replacing it with
clean air. The design and troubleshooting of industrial ventilation systems should be handled by
qualified ventilation engineers or firms specializing in this field.



a. Types of Workplace Ventilation

The two common types of workplace ventilation used are local exhaust ventilation (LEV) or
dilution (or general) ventilation.

Local exhaust ventilation captures contaminated emissions at or very near the source and should
be exhausted to the outside (see example in Figure III-1). LEV systems are located as close as
possible to the source of contamination to capture the contaminant before it is released into the
work area. LEV is the preferred method to control air contaminates since it is more efficient and it
eliminates the contaminates using lower exhaust flow volumes and therefore lower heating costs.

Dilution (or general) ventilation dilutes contaminated air in a whole building or room by supplying
a large quantity of clean air and exhausting the contaminated air outside (see example in figure
I11-2). Dilution ventilation by itself should only be used if the toxicity of the contamination is low
or if LEV is impractical such as in a confined space. When using dilution ventilation:

» Position exhausts as close to emission sources as possible;
* Use auxillary fans for mixing;

* Make sure employees are upwind of the dilution zone; and
* Add make up air where it will be most effective.

The surface finishing industry uses both LEV and general ventilation. Some electroplating
operations require the use of LEV to protect workers from exposures to contaminants (e.g.,
electroplating tanks). In other cases, general ventilation will be sufficient. To determine the
appropriate ventilation for surface finishing operations, the facility should evaluate the facility
airflow, assess the potential engineering controls, and design a ventilation system to minimize
workplace exposures.



Figure III-1: Local Exhaust Ventilation (LEV)
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Diagram courtesy of KCH Services, Inc.

Figure III-2: General or Dilution Ventilation (Roof ventilators pulling outside air
through building)
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Diagram courtesy of KCH Services, Inc.




b. Balancing Makeup Air with Exhaust Air

LEV or dilution (or general) ventilation requires makeup air or the continued replacement of air
being exhausted from the room or building. When makeup air is not provided, such as in the case
of a closed building, then a negative pressure in the building is created, and this can impair the
efficiency of the exhaust systems design. Low makeup air in regard to exhaust can disable pilot
lights by reversing the flue gas in stacks. An indication that the makeup air system may be
under-designed could be doors that are difficult to open and/or are slamming shut. One quarter
inch of static pressure can create a 1,200 feet per minute (fpm) draft in a gap such as a door.
Exhaust hood capture velocities are often designed less than 1,200 fpm. Illustrations of how to
balance makeup air with exhaust air is provided below in Figure III-3.

Figure III-3: Illustration of slow and even distribution of return air/makeup air
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Diagram courtesy of KCH Services, Inc.
C. Assess Threat of Cross Drafts

Even distribution and slow air velocity provides the best approach when designing makeup or
return air. Improper makeup air design can create interfering cross drafts in employee breathing
zones.

d. Re-Entrainment of Exhausted Air

If the location and height of the exhaust stack is not selected properly, exhausted air and
potential contaminants can be reintroduced into the building. The location of shipping doors,
makeup air systems, other buildings, or other potential entrance points should be considered
during the design phase. An example of how poor design of the ventilation system can lead to re-
entrainment of exhausted air is provided below in Figure III-4.



Figure III-4: Poor design enables hazardous fumes to reenter facilities
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e. Effective Local Exhaust Ventilation Design

The most comprehensive LEV design can be found in the American Conference of Governmental
Industrial Hygienists (ACGIH®) manual of recommended practice. According to the Industrial
Ventilation A Manual of Recommended Practice, ACGIH® incorporates ANSI Z9 recommendation
which has a scheduled review and acceptance process. The American National Standards
Institute (ANSI) Z9 committee’s revised manuals are periodically sent to the ACGIH® committee
for review and acceptance. The latest ACGIH® Industrial Ventilation Manual, the 26™ edition.

The ACGIH® and ANSI Z9 committees are made up of experienced professionals from
universities, government agencies, and industry.

Several tables as well as other useful information in the ACGIH® Industrial Ventilation Manual can
be used by facilities to design appropriate ventilation systems to control air contaminants.

Tables III-1 and III-2 below include ACGIH® recommendations that identify the categories of
hazard potentials and the rate of gassing or misting for air contaminants. Table III-3 below also
provides information to determine minimum control velocities in feet per minute (fpm) that can be
used for effective ventilation of air contaminants.
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Table III-1: Determination of Hazard Potential

HYGIENIC STANDARDS
Hazard Potential Gas and Vapor Mist Flash Point
(ppm) (mg/m?3) (degrees F)
A 0-10 0-0.1 _
B 11-100 0.11-1.0 Under 100
C 101-500 1.1-10 100-200
D Over 500 Over 10 Over 200
Table III-2: Determination of Rate of Gas, Vapor or Mist Evolution
Rate Liquid Degrees Below Relative Gassing**
Temperature (F) | Boiling Point (F) Evaporation*
(Time for 100%
Evaporation)
1 Over 200 0-20 Fast (0-3 Hrs) High
2 150-200 21-50 Medium (3-12 Hrs) Medium
3 94-149 51-100 Slow (12-50 Hrs) Slow
4 Under 94 Over 100 Nil (Over 50 Hrs) Nil

* Dry time relation: Fast — Below 5, Medium — 5-15, Slow - 15-70, Nil — Over 70

** Rate of gassing depends on rate of chemical or electrochemical action, and therefore, depends on the material treated
and the solution used in the tank and tends to increase with: 1. amount of work in the tank at any one time, 2. strength of
the solution in the tank, 3. temperature of the solution in the tank, and 4. current density applied to the work in

electrochemical tanks.
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Table ITI-3: Minimum Control Velocity (fpm) for Undisturbed Locations

Class Enclosing Hoods Lateral Canopy Hoods
Exhaust
One Open Two Open 1 Three Open Four Open
Side Sides Sides Sides

A-1 & A-2 100 150 150 Do Not Use Do Not Use
A-3%, B-1 & C-1 75 100 100 125 175
B-3, C-2 & D-1° 65 90 75 100 150
A-4!, C-3 & D-2° 50 75 50 75 125

B-4, C-4, D-3° & D-4 — Adequate General Room Ventilation

! Use aspect ratio to determine air volume.

2 Do not use canopy hood for Hazard Potential A processes.

3 Where complete control of hot water is desired, design as next highest class.

f. Inspection and Maintenance of Ventilation Systems

Each facility should perform an initial detailed inspection and analysis of their existing ventilation
system. An experienced ventilation technician or the facility’s air flow evaluation team should
analyze and inspect all components of the existing controls to ensure that they are operating at
peak performance. Items for initial inspection may include:

existing and potential controls for all sources of hazardous processes;

exhaust and makeup air system;
multiple static pressure readings;
hood capture velocities;

fume capture obstructions;

identifying cross drafts; and

cross reference collected data to design calculations.
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Each facility should continue to monitor the ventilation system components monthly to ensure
proper operation and efficiency. The components of the ventilation system that should be
monitored include but are not limited to, fan bearings and belts as well as the condition of the fan
wheel itself, composite mesh pad wash down systems, and wet-packed bed scrubber components
such as nozzles, solenoids and “Y” strainers. An example of selected parts of a ventilation system
is provided in Appendix D.

These parts should be examined to guarantee that the flow is within acceptable parameters
maximizing the efficiency of your system. All pressure gauges should be inspected periodically to
ensure there is little or no chance of debris building up within the lines and all gauges should be
calibrated to ensure that the display pressure is accurate. These readings are vital not only for
permit requirements, but also for predicting problems before they can become disasters. By
taking these steps a facility owner or operator can be assured that its equipment will function
properly with minimal unexpected downtime. By being aware of any problems that may arise, the
facility can implement its action plan in time to reduce any loss of production.

Many ventilation systems in use today are not properly maintained and operated, which can lead
to costly down time, potential increased workplace exposures, or excessive environmental
emissions. A facility should conduct regular maintenance on its ventilation system. An example of
regular maintenance tasks that a facility could implement is provided in Appendix E. If qualified
employees in your facility are not available to provide and keep proper records and maintain
system performance, then an outside firm may help.

A preventive maintenance agreement with an outside contractor is a good way to stay current
with applicable regulatory requirements, quality control programs such as ISO 9000, and help to
ensure the proper and effective operation of air control equipment. Most ventilation companies
offer a preventive maintenance and repair service contract. Continued monitoring of the facility’s
engineered controls is accomplished with a service such as this. Qualified experienced technicians
test, check, and record a wide variety of data that is then logged. The contractor would then
provide a detailed copy of the Preventive Maintenance Agreement (PMA) report for the metal
finishing facility. A sample PMA is provided below in Appendix F.

2. Use of Eductors to Minimize Air Contaminants in the Electroplating Tank

Many chemical baths are currently mixed via air agitation: air pipes bubble air into the tank to
keep metal finishing process solutions mixed and to prevent them from settling. A potential
adverse effect of this agitation is that air bubbles escape at the surface of the tank, resulting in
misting and entrainment in the air. By using eductors (horn-shaped nozzles) in tanks, the flow
from a pump to create solution movement below the surface without the use of air bubbles and
the amount of misting and bubbling at the tank surface can be significantly reduced. An example
of an eductor used in the surface finishing industry is in Figure III-5.

13



Figure III-5: Example of an Eductor Used in Metal Finishing Operations

Photo courtesy of Serfilco

Liquid pumped into the eductor nozzle exits at high velocity, drawing an additional flow of the
surrounding solution through the eductor. This additional flow (induced liquid) mixes with the pumped
solution and multiplies its volume five-fold. The source of the pumped liquid (input) can be a pump or
filter chamber discharge.

Eductors are designed to multiply low pump flow to a larger volume of agitation by using the Venturi
effect. For example, one 3/8" nozzle requires 7.5 gallons per minute (GPM) of pumped flow @ 10 psi
23 total dynamic head (TDH). The agitation rate will be 37.5 GPM @ 10 psi 23 TDH.

Use of eductors can provide a nhumber of benefits for surface finishing operations:

» To minimize workplace exposures by reducing fume emissions by up to 90 percent below
baseline.

» To reduce energy consumption, especially for all heated finishing baths. By having total
movement of solutions in a tank, a more uniform heating is achieved and some heat is also
generated by the constant recirculation of the solution. This more efficient process
translates into less BTUs used.

* For time savings as eductors can increase the plating rate (amps/sqft) for most plating
solutions which means less time in tank and a higher production rate.

While eductors can reduce potential workplace exposures, their use is not necessarily universally
applicable for all surface finishing operations. This is especially true for some existing plating
tanks where space constraints inside the tanks can make retrofitting the tank with eductors
difficult for some finishing processes. In addition, tank access and parts removal can also present

14



some challenges when using eductors. Nonetheless, eductors provide an opportunity to reduce
potential workplace exposures for surface finishing operations.

3. Fume Suppressants/Surface Tension Reducers

In some plating operations such as chromium plating, the efficiency of the plating process is
relatively low, resulting in the formation and release of hydrogen in the form of small bubbles
from the cathode. The breaking of these bubbles at the surface is responsible for the generation
of chromic acid mist. A range of control systems are available to limit the release of the chromic
acid mist into the workplace air. In many instances, the use of fume suppressants can
significantly reduce emissions from plating tanks and substantially lower potential workplace
exposure levels. The use of fume suppressants alone may not, however, be recommended for
some operations when local exhaust ventilation is possible. Where a fume suppressant is used, it
is important to ensure that the concentration is maintained at an effective level. This may require
regular additions of the suppressant to the tank as well as regular surface tension measurements.

The use of fume suppressants and wetting agents to lower the surface tension of plating baths
can also help to reduce potential workplace exposures. The materials can effectively help to
minimize dragout from plating tanks and, thereby, reduce potential workplace exposures.
Information about the chemicals contained in fume suppressants can be found on Material Safety
Data Sheets. Should employers need additional information, they can contact their chemical
suppliers/manufacturers.

4, Rinse Practices to Minimize Exposure

Most metal finishing operations utilize immersion rinsing techniques. However, as water reduction
and other pollution prevention techniques are more often being used, it is common to find spray
rinsing on a process line. The use of water can be greatly reduced by these techniques, but may
contribute to airborne occupational exposures from the misting created by the spray. When
possible, spray rinse should be done within the tank. If that is not possible, lower pressure spray
nozzles may need to be used.

5. Product Substitution

One method to minimize the potential workplace exposure concerns associated with chemicals
used in the surface finishing industry is to substitute less hazardous chemicals where practicable.
One example of where the industry has focused extensive research is finding replacements for
hexavalent chromium. A brief summary of those substitute technologies that have managed to
gain some commercial application for hexavalent chromium is provided in Appendix G.

The surface finishing industry continues to support research and development efforts to identify
commercially viable alternatives to hexavalent chromium plating chemistries and other potentially
hazardous plating chemistries. To date, alternative technologies have not gained widespread
commercial application due to: 1) the superior coating performance in decorative, functional and
corrosion protection applications for hexavalent chromium plating, 2) cost effective applications,
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3) broad and flexible ranges of use, and 4) strong customer/market preferences for hexavalent
chromium plating. Surface finishing facilities should continue to examine and consider product
substitution, where feasible and practical to provide a healthy, safe and viable working
environment for surface finishing workers.

6 Exposure Monitoring for Air Contaminants

There are a variety of potential contaminants that may be found at electroplating shops (see Table III-
4), and OSHA has workplace exposure standards for numerous air contaminants. To demonstrate
compliance with these standards, employers must periodically monitor their employees’ workplace
exposures. Employers may be required to conduct initial monitoring of airborne concentrations and to
conduct periodic exposure monitoring for all tasks where employee exposures may be above the
applicable PEL and action levels.

The PELs are enforceable exposure limits promulgated by the Occupational Safety and Health
Administration (OSHA). The PELs can be found in OSHA’s Code of Federal Regulations (29 CFR
1910 subpart Z) for many of the chemicals used in surface finishing facilities. Other non-
enforceable limits which can be used for guidance are: TLVs® are suggested, non-enforceable
exposure limits and are established by the American Conference of Governmental Industrial
Hygienists (ACGIH®) and National Institute for Occupational Safety and Health (NIOSH)
Recommended Exposure limits (RELS).
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Table III-4: Potential Contaminants in Electroplating Shops

Metals Acids Other inorganics
Ammonia

Aluminum Hydrochloric compounds

Cadmium acid* Ammonium nitrate

Chromium Nitric acid Chlorine

Copper Phosphoric acid Cyanide

Lead Sulfuric acid* Cyanide

Manganese compounds

Nickel * aerosol form nitrates

Silver only

Zinc*

Zinc compounds

* fume or dust

only

Solvents and other
organics

Certain glycol ethers
Ethylbenzene
Formaldehyde
Methyl ethyl ketone
Methyl isobutyl ketone
Tetrachloro-
ethylene
Trichloroethylene
Toluene

Xylene

(mixed isomers)

Source: http://www.nmfrc.org/compliance/tri.cfm
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A method for air sampling and analysis of metals that can be used is OSHA Method ID-125G —
Metal and Metalloid Particulates in Workplace Atmosphere (ICP Analysis). This method and other
analytical methods are available through OSHA's web site at www.osha.gov.

Facilities can conduct their own sampling, provided that they use the proper sampling equipment,
filter media and follow the method, or they can use an outside consultant or insurance carrier to
conduct or assist in the monitoring. During this sampling, a small calibrated pump is worn on the
belt of the operator and is used to draw a representative air sample from the breathing zone of
the employee and collected on a filter. An accredited laboratory with an outside approved quality
control program should be used for analysis of the filter for the applicable air contaminant.

A. Hexavalent Chromium Exposure Monitoring Requirements
Exposure monitoring requirements that are applicable to surface finishing operations is the
workplace exposure standard for hexavalent chromium: 29 CFR §1910.1026. On February 28,
2006, OSHA issued a standard that significantly lowered the limit on worker exposures to
hexavalent chromium: 71 Fed. Reg. 10100 (2006). This new standard included monitoring,
training and hygiene requirements for facilities with industrial processes that use hexavalent
chromium, even in small quantities and/or concentrations. OSHA has also developed a Small
Entity Compliance Guide for the Hexavalent Chromium Standards (OSHA 3320-10N, 2006) that
has some helpful guidance for metal finishing facilities.
If hexavalent chromium is used in the workplace, the employer must monitor employee exposure
to hexavalent chromium to determine if any employee is being exposed in excess of the PEL, 5
Hg/m°®, as an eight-hour time-weighted average (TWA) (see Table III-5 for the PELs, TLVs® and
RELs). For surface finishing operations, these processes include, but are not limited to:

» chromium electroplating,

» chromic acid passivation,

* hexavalent chromium conversion coating,

» chromic acid etching,

» chromic acid sealing of anodized and phosphated parts,

» wastewater treatment of hexavalent chromium containing rinsewaters, and

* welding or cutting of stainless steel.
Typical job tasks for surface finishing that may be monitored include, but are not limited to:

* metal finishing operations (e.g., operators, un/rackers, supervisors),
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» quality control monitoring and chemical additions (e.g., lab techs),
» periodic tasks such as tank clean-out, liner replacement (e.g., maintenance staff), and

» wastewater treatment of hexavalent chromium-containing process water and concentrates
(e.g., treatment operators).

Table III-5: Exposure Limits for Chromium (VI) Compounds

Organization 8-Hour Time-Weighted Average (TWA)

OSHA (enforceable) Permissible Exposure Limit (PEL): 5 pg/m? of air
Chromium VI (general industry,

Shipyards, and Construction) Action Level (AL): 2.5 pg/m? of air

29 CFR1910.1026, 29 CFR 1915.1026,
and 29 CFR 1926.1126

ACGIH®- TLV® (non- enforceable) 50 pg/m?® of air (water soluble Cr(VI) compounds)
10 pg/m?3 of air (insoluble Cr(VI) compounds)

NIOSH- REL (non-enforceable) 1 pg/m? of air (water soluble Cr(VI) compounds)*
1 ug/m? of air (insoluble Cr(VI) compounds)*

* for 10 hour TWA

Employers may chose between two options for performing exposure determinations: a scheduled
monitoring option or a performance oriented option.

1. Scheduled Monitoring Option
a. Initial Monitoring

Employers who select the scheduled monitoring option must conduct initial exposure monitoring to
determine exposure to Cr(VI) for each employee. This involves taking a sufficient number of personal
breathing zone air samples to accurately characterize full shift exposure on each shift, for each job
classification, in each work area. Monitoring results must indicate the employee’s time-weighted
average exposure to airborne Cr(VI) over a typical 8-hour workday.

In some cases the employer will need to monitor all exposed employees, while in other cases it will be
sufficient to monitor “representative” employees. Representative exposure sampling is permitted when
a number of employees perform essentially the same job under the same conditions. For example, an
employer may choose one welder to sample as a representative of several welders who work in a
welding shop for determining exposure as long as all of the welders represented by the monitoring
perform the same job under the same conditions.
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b. Periodic Monitoring

Periodic monitoring is required if the initial monitoring shows that the employee’s exposure are at or
above the Action Level (See Table III-6, below, for monitoring frequency.)

Table III-6: Monitoring Frequency

Exposure Scenario Required Monitoring Activity
Below the Action Level (< 2.5 No periodic monitoring required
ug/m?3) for employees represented by

the initial monitoring

At or above the Action Level but | Monitor every six months
at or below the PEL (2.5 pg/m?*to

5 ug/m’)
Above the PEL (> 5 pg/m°) Monitor every three months.

If initial monitoring shows exposures above the PEL, but subsequent periodic measurements indicate
that exposures have lowered to levels at or below the PEL, but still above the Action Level, the
employer may reduce the frequency of periodic monitoring to every six months. In addition, an
employer may discontinue periodic monitoring for employees represented by monitoring results
indicating that exposures have fallen below the Action Level if those results are confirmed by a second
measurement taken at least seven days later.

C. Additional Monitoring

Additional monitoring is necessary when a workplace change may result in new or additional exposures
to Cr(VI) or the employer has any reason to believe that new or additional exposures have occurred.
These changes may include alterations in the production process, raw materials, equipment, personnel,
work practices, or control methods used in the workplace.

2. Performance Oriented Option

The performance-oriented option allows the employer to determine the 8-hour TWA exposure for each
employee on the basis of any combination of air monitoring data, historical monitoring data, or objective
data sufficient to accurately determine current employee exposure to Cr(VI). This option is intended to
allow employers flexibility in assessing the Cr(VI) exposures of their employees. Where the employer
elects to use this option, the exposure determination must be performed prior to the time that the work
operation commences and must provide the same degree of assurance that employee exposures have
been correctly characterized as is provided under the scheduled monitoring option.
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3. Monitoring Specifications

In determining each employee's workplace exposure to hexavalent chromium, employers may
take either:

» personal breathing zone air samples for each employee exposed; or

» personal breathing zone air samples for one or more employees when the samples are
representative of each employee's exposure, provided that sampling is conducted under
the highest potential exposure.

Area monitoring is not an acceptable method for determining PEL compliance.
Personal breathing zone air samples are considered representative of an employee's eight-hour
TWA if;

* the employee(s) sampled are in the same job classification;
* the employee(s) sampled are working in the same area;

* the employee(s) sampled work during the same work shift (if the employer can document
that tasks and workplace conditions are similar during all work shifts, he/she only needs to
determine the exposure level for one work shift); or

» the employee(s) sampled is expected to have the highest hexavalent chromium exposures
of all employees in the group of employees represented by the samples collected.

OSHA ID-215 monitoring method requires that the sampling device must be calibrated in-line (i.e.,
through the air filter media being used) for each monitor. The flow rate through each monitor
must be two liters per minute (LPM). The air sampling media to be used is a 37 mm PVC filter
badge, which is typically clipped to an operator collar and placed near his/her breathing zone. An
approved primary calibration (e.g., not a field rotam
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