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Abstract

This report describes the adaptation of an existing air sampling and analytical method for ozone to
the personal monitoring of employee exposures to the substance inside a welding helmet. The Saltzman
iodometric method was modified to accommodate helmet sampling. The personal air sampler that was
developed consists of a Teflon filter in a polystyrene holder joined with flexible tubing to a spill-proof
impinger containing an alkaline potassium iodide solution. The sampler is compatible with a personal
sampling pump capable of an air flow rate of 2.0 L/min.

The overall method was evaluated in the laboratory with —110-L test atmosphere samples at an
ozone concentration of about 0.1 ppm (0.2 mg/ m3 at 25° C) and with =40-L test atmosphere samples
over the concentration range of 0.3 to 5.1 ppm (0.6 to 10mg/m3at25° C). The average bias relative to
an independent sampling method was about -10% for determinations near 0.1 ppm and about +7% for
determinations in the range of 0.3 to 5.1 ppm. The relative standard deviation at 0.1 ppm was 6.6% and
the pooled relative standard deviation for concentrations in the range of 0.3 to 5.1 ppm was 7.7%.

Field tests of the method were not as successful. The ozone concentrations determined with the
developed method were much lower than those simultaneously determined with a chemiluminescent
monitor and those determined by another iodometric impinger method, the boric acid/ potassium
iodide method. Loss of ozone as a result of reaction with welding fume present in the air samples or as a
result of the catalysis of other reactions of ozone by the fume may have contributed to the observed
discrepancies. A tentative personal sampling and analytical method was recommended based on the
boric acid/potassium iodide procedure.
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Laboratory Validation of Ozone Sampling
with Spill-Proof Impingers

I. Background and Research Approach

A. Background
All arc welding operations produce ultraviolet

radiation; in turn, the ultraviolet rays with wave-
lengths <210 nm photolyze oxygen to ozone.1 The
amount of ozone formed depends on the intensity of
the ultraviolet radiation. Without adequate ventila-
tion, hazardous concentration levels of ozone (i.e.,
levels greater than the Federal permissible exposure
limit of 0.1 ppm) may accumulate not only near the arc
but also some distance away from the arc.

To avoid exposures of welders to hazardous levels
of ozone, it is necessary to monitor the concentration
of the substance in the air that they breathe. Air sam-
ples taken with a sampler attached to the welder's shirt
lapel (a typical location for personal sampling) are not
necessarily representative of the exposure of that indi-
vidual to ozone because he breathes not the air outside
in the workplace but rather the air inside his welding
helmet. One definitive study of the formation of ozone
during various arc welding processes indicated that the
helmet provided the welder with significant protection
from exposure to ozone.2 For example, concentra-
tions as high as 8.4 ppm of ozone in air were found
outside the helmet when aluminum was welded by the
argon-shielding technique; however, inside the helmet,
the ozone concentration was found to be 0.47 ppm.

Because there was no validated air sampling and
analytical method available for the determination of
ozone in air inside a welding helmet, we modified an
existing method and designed a personal sampler
applicable to sampling inside a helmet. The American
Welding Society (AWS) supported our laboratory
development and evaluation of the method and our
field tests, which are described in detail in the subse-
quent sections of this report.

B. Research Approach
1. Purpose and General Considerations

One primary emphasis of our work was to develop
and evaluate a suitable personal sampler. At the
request of the AWS, the sampler was to consist of the
following components (in the order of their occurrence
in the sampling train):

• a paniculate filter in the helmet to remove weld-
ing fume from the air sampling stream,

• flexible tubing for the transport of ozone from
the helmet to an absorbing solution, and

• a spill-proof impinger containing the absorbing
solution.

A second major goal of the project was to choose a
suitable existing impinger sampling arid analytical
method that could be adapted for the personal sampler
being developed and to evaluate the performance of
the adapted method. Because the sorption and preser-
vation of ozone intact in an impinger solution was
unlikely, we assumed that the method of choice would
involve the reaction of ozone to form a reasonably
stable product. As part of the evaluation of the
method, we were to determine the storability of the
reaction product.

Our general experimental approach involved sev-
eral steps: First, we performed a literature search for
information relating to air sampling and analytical
methodology for ozone. Second, we devised an exper-
imental protocol for the adaptation of an existing
method to a personal sampling and analytical method
for determining ozone inside a welding helmet. The
protocol was reviewed, revised, and approved by the
AWS; subsequently, a modified method was deve-
loped and evaluated according to the revised protocol
as described in Section I.B.3 of this report.


