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PREFACE
The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field investigations of possible
health hazards in the workplace.  These investigations are conducted under the authority of Section 20(a)(6)
of the Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which authorizes the Secretary of
Health and Human Services, following a written request from any employer and authorized representative
of employees, to determine whether any substance normally found in the place of employment has potentially
toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon request, medical, nursing, and
industrial hygiene technical and consultative assistance (TA) to Federal, State, and local agencies; labor;
industry; and other groups or individuals to control occupational health hazards and to prevent related trauma
and disease.  Mention of company names or products does not constitute endorsement by the National
Institute for Occupational Safety and Health.

ACKNOWLEDGMENTS AND AVAILABILITY OF REPORT
This report was prepared by C. Eugene Moss, of the Hazard Evaluations and Technical Assistance Branch,
Division of Surveillance, Hazard Evaluations and Field Studies (DSHEFS).  Desktop publishing by Ellen
E. Blythe.

Copies of this report have been sent to employee and management representatives at Melroe and the OSHA
Regional Office.  This report is not copyrighted and may be freely reproduced.  Single copies of this report
will be available for a period of three years from the date of this report.  To expedite your request, include
a self–addressed mailing label along with your written request to:

NIOSH Publications Office
4676 Columbia Parkway
Cincinnati, Ohio 45226

800–356–4674

After this time, copies may be purchased from the National Technical Information Service (NTIS) at
5825 Port Royal Road, Springfield, Virginia  22161.  Information regarding the NTIS stock number may be
obtained from the NIOSH Publications Office at the Cincinnati address.

For the purpose of informing affected employees, copies of this report shall
be posted by the employer in a prominent place accessible to the employees
for a period of 30 calendar days.
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SUMMARY
In January 1990, the National Institute for Occupational Safety and Health (NIOSH) received the first of eventually
two management requests from the Melroe Company (HETA 90–148, see Appendix A) seeking assistance in
documenting optical radiation levels produced during plasma arc cutting (PAC) processes.  Ultraviolet (UV),
visible, and infrared (IR) radiation levels were measured under different operating conditions in March 1990 and,
at that time, NIOSH investigators concluded “that operators using the PAC systems under normal use conditions
should wear protective eyewear having a minimum shade 3 or 4 (3/4) filter.”  This report further stated, “If the
amperage of the PAC system was to increase, or if the protective (plasma arc) shield should fail to operate in an
appropriate manner, a higher filter shade number may be required.”  At the time of the 1990 evaluation the PAC
current was in the 120 to 170 ampere range. 

In May 1996, NIOSH received a request from the Melroe Company for a follow–up evaluation after the company
had made two changes made in the PAC operations.  The first change occurred when a different cutting torch was
installed in the PAC units which operated at a higher current level (as high as 200 amperes) and therefore would
produce more optical radiation.  The second change was the installation of brake presses near the PAC systems,
requiring workers to be involved visually with two different viewing situations.  Workers were concerned about
the degree of eye protection necessary to perform work in both areas.

Measurements of luminance levels were performed around two of the three PAC units operating at 200 amperes.
The maximum luminance level documented was 33 candelas per square centimeter (cd/cm2) and occurred when
a cut was made along the edge of the metal.  This exceeds the American Conference of Governmental Industrial
Hygienists (ACGIH®) Threshold Limit Value (TLV®) of 1.0 cd/cm2 for optical radiation in the visible spectrum
of 400 to 760 nanometers (nm).  The maximum IR irradiance level was less than 2 milliwatts per square centimeter
(mW/cm2) at a distance of 8 feet from the arc (this approximated the closest position which workers would stand
while the PAC units were operating).  This level is below the ACGIH TLV for IR of 10 mW/cm2.  No UV
radiation mesurements were made since most of the eyewear used in the cutting industry absorbs appropriately in
the UV region.  Some Melroe workers were reporting erythemal responses when performing edge cutting.
  

NIOSH investigators have determined that workers performing plasma arc cutting at 200 amperes were
exposed to visible radiation levels (400 to 760 nm range) which exceed recommended occupational limits.
Infrared levels, however, were below applicable occupational limits.  Recommendations include use of
protective eyewear having at least a shade 4/5 filter.

Keywords: SIC 3531 (Construction Machinery and Equipment), infrared radiation, plasma arc cutting, optical
radiation, welding. 
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INTRODUCTION AND
BACKGROUND

1990 NIOSH Evaluation
In January 1990, the National Institute for
Occupational Safety and Health (NIOSH) received
the first of two health hazard evaluation requests
from the Melroe Company (HETA 90–148, see
Appendix A) seeking assistance in documenting
optical radiation levels produced during the plasma
arc cutting (PAC) processes.  The Melroe Company
used the PAC systems in manufacturing the
Bobcat® skid steer loader which is used in the
agricultural and construction industries.  Ultraviolet
(UV), visible, and infrared (IR) radiation levels were
measured under different operating conditions on
March 27, 1990.  At that time, NIOSH investigators
concluded “that operators using the PAC systems
under normal use conditions should wear protective
eyewear having a minimum shade 3/4 filter.”  The
report goes on to say, “If the amperage of the PAC
system was to increase, or if the protective (plasma
arc) shield should fail to operate in an appropriate
manner, a higher filter shade number may be
required.”  At the time of the 1990 evaluation, the
PAC current was in the 120 to 170 ampere range. 

1996 NIOSH Evaluation
In May 1996, NIOSH received a request for a
follow–up evaluation following two plant changes.
The first change came about when a different cutting
torch was installed in the PAC units.  This new torch
operated at a higher current level (as high as 200
amperes) and therefore would produce more optical
radiation.  The second change involved the
installation of brake presses near the PAC systems,
requiring workers to be involved visually with two
different viewing situations.  Workers were
concerned about the degree of eye protection
necessary to perform work in both areas.  At the time
of the 1996 evaluation, there were four workers per
shift (three shifts per day) at the PAC operations.

METHODS
The following equipment was used to document
levels of radiant energy produced by the PAC
systems during this evaluation.

Luminance:  Luminance was measured using a
Spectra Mini–Spot photometer having a one degree
field of view.  The values obtained with this meter
can be expressed in units of candelas per square
centimeter (cd/cm2).  The luminance of a source,
such as a cutting arc, is a measure of its brightness
when observed by an individual without eye
protection.

Irradiance:  An Eppley Model 901 thermopile with
a quartz window was used to measure irradiance in
units of milliwatts per square centimeter (mW/cm2)
over the wavelength range from 200 to 4500
nanometers.

Optical density:  A complete set of welding shade
filters (ranging from 1 to 14) was used to confirm
optical density and shade calculations.

All equipment used to document exposure to optical
fields had been calibrated within six months of use
either by NIOSH or the respective manufacturer.

EVALUATION CRITERIA
As a guide to the evaluation of the hazards posed by
workplace exposures, NIOSH field staff employ
environmental evaluation criteria for the assessment
of a number of chemical and physical agents.  These
criteria are intended to suggest levels of exposure to
which most workers may be exposed up to 10 hours
per day, 40 hours per week for a working lifetime
without experiencing adverse health effects.  It is,
however, important to note that not all workers will
be protected from adverse health effects even though
their exposures are maintained below these levels.  A
small percentage may experience adverse health
effects because of individual susceptibility, a
pre–existing medical condition, and/or a
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hypersensitivity (allergy).  In addition, some
hazardous substances may act in combination with
other workplace exposures, the general environment,
or with medications or personal habits of the worker
to produce health effects even if the occupational
exposures are controlled at the level set by the
criterion.  These combined effects are often not
considered in the evaluation criteria.  Also, some
substances are absorbed by direct contact with the
skin and mucous membranes, and thus potentially
increase the overall exposure.  Finally, evaluation
criteria may change over the years as new
information on the toxic effects of an agent become
available.

The primary sources of environmental evaluation
criteria for the workplace are: (1) NIOSH
Recommended Exposure Limits (RELs)1, (2) the
American Conference of Governmental Industrial
Hygienists' (ACGIH®) Threshold Limit Values
(TLV®s)2, and (3) the U.S. Department of Labor,
OSHA Permissible Exposure Limits (PELs)3.
In July 1992, the 11th Circuit Court of Appeals
vacated the 1989 OSHA PEL Air Contaminants
Standard.  OSHA is currently enforcing the 1971
standards which are listed as transitional values in
the current Code of Federal Regulations; however,
some states operating their own OSHA approved job
safety and health programs continue to enforce the
1989 limits.  NIOSH encourages employers to
follow the 1989 OSHA limits, the NIOSH RELs, the
ACGIH TLV®s, or whichever are the more
protective criterion.  The OSHA PELs reflect the
feasibility of controlling exposures in various
industries where the agents are used, whereas
NIOSH RELs are based primarily on concerns
relating to the prevention of occupational disease.  It
should be noted when reviewing this report that
employers are legally required to meet those levels
specified by an OSHA standard and that the OSHA
PELs included in this report reflect the 1971 values.
 
The following table shows the optical radiation
exposure limits that are used by NIOSH investigators
to evaluate optical radiation exposure.

Optical Radiation Evaluation Criteria and Health Effects Summary

Physical Agent
Evaluation Criteria†

Primary
Health
EffectACGIH

TLV
NIOSH

REL
OSHA
PEL

Ultraviolet
(200 to 315 nm)

0.1 :W/cm2

(effective)‡
0.1 :W/cm2

(effective)‡
None Photo–

keratitis and
erythema

Ultraviolet
(315 to 400 nm)

1.0 mW/cm2 1.0 mW/cm2 None Erythema

Visible
(400 to 760 nm)

1.0 cd/cm2 None None Retinal
burns

Infrared
(760 nm to 1 mm)

10 mW/cm2 None None Dry
eye/skin,
cataracts

† These values represent 8–hour exposure, but higher exposures are permitted in
certain cases for shorter time periods.

‡ Biological effective units.
nm = nanometer mm = millimeter mW = milliwatt
:W/cm2 = microwatts per square centimeter  cm2 = square centimeter 

RESULTS
Measurements of luminance levels were performed
at several locations around two of the three PAC
units operating at 200 amperes.  The maximum
luminance levels documented was 33 cd/cm2 and
occurred when a cut was made along the edge of the
metal.  The maximum IR irradiance level was less
than 2 mW/cm2 at a distance of 8 feet from the arc
(this approximated the closest position which
workers would stand while the PAC units were
operating).  No UV radiation mesurements were
taken since most of the eyewear used in the cutting
industry absorbs appropriately in the UV region.  It
was noted, however, that some Melroe workers were
reporting some skin erythemal responses when
performing edge cutting at current levels near
200 amperes.

DISCUSSION AND
CONCLUSIONS

Using the same approach as outlined in the 1990
NIOSH report, these optical radiation exposures
suggest that workers at the Melroe Company, when
operating the PAC systems at 200 amperes, should
wear protective eyewear having a minimum shade 4
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or 5 (4/5) filter.  If the amperage should again be
increased in the future, a re–evaluation by the Melroe
health and safety department will need to be done.

The use of eyewear with this shade did not appear to
restrict viewing of the brake presses.  Moreover, as
long as cutting is not performed along the edges of
the metal, a shade 3/4 filter appears to be sufficient.
The shade 4/5 filter is only needed for the edge
cutting situation.  This finding was confirmed by
using shade filters on several workers during this
evaluation.

RECOMMENDATIONS
1. Workers operating the PAC systems at 200
amperes should wear protective eyewear having a
minimum shade 4/5 filter.

2. All welding curtains used at this facility should
be positioned to protect workers standing in the
direct view of the arc.

3. At the time of this evaluation, several of the
welding curtains which were in place immediately
around the PAC torches were torn or otherwise
damaged.  These curtains should be replaced or
repaired.  In addition, in some situations it may be
necessary to install additional welding curtain
partitions farther from the PAC torch to absorb the
UV produced at the higher current levels to help
prevent erythemal problems in PAC operators as
well as workers in surrounding areas. 
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