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Abstract

This report presents the results of a welding fume control demonstration project performed for the
American Welding Society. The study evaluated the effectiveness and applicability of three different
types of commercially available exhaust methods for control of welding fume at the source during
shielded metal arc welding. The three methods evaulated, all of them mobile methods, included high

_ volume exhaust, high velocity, low volume (HVLYV), and the handheld shield.

Of particular interest in the study was determination of whether use of thesc control measures would
result in reduction of worker exposures to toxic metals such as nickel and hexavalent chromium to the
low limits being considered by OSHA. Besides the exhaust control measures, the protection offered by
an air purifying helmet was also studied.

The tests were conducted under controlled conditions in a simulated industrial setting using stainless
steel base metal and electrodes, The results showed that each of the exhaust control measures studied, if
used properly, was capable of substantially reducing breathing zone and general area concentrations of
welding generated contaminants in both open and confined spaces. However, even with consistent
usage and proper positioning, notall of the limits being considered by OSHA for hexavalent chromium
were met. Not even the air purifying helmet met all the limits being considered. The limit being
considered for nickel was met in many cases.

The study of applicability identified the attributes and deficiencics of the various methods. It must be
remembered in interpreting the results of these cvaluations, however, that the test conditions were
established to represent common industrial welding operations, not worst case conditions. A useful
followup for this study would be to establish, on the basis of field evaluations, limiting constraints for
the use of each of these methods and selection and design criteria using a system approach. It would also
be useful to extend these controlled experiments to the gas shielded arc welding process.
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Welding Fume Control:
A Demonstration Project

SECTION 1 :
INTRODUCTION

PAST RESEARCH

Both industry and governmental agericies have been
active in research efforts to determine worker expo-
sure to contaminants generated by welding and to
develop appropriate ventilation controls. Early research
was directed primarily at quantifying the welder’s
exposure under different conditions, e.g., in open ver-
sus confined space, using different types of welding,
with or without localized and general ventxlauon
(Refs. 1, 2,3, 4,-and 5).

Recent studies by the American Welding Society
(AWS) and the National Institute for Occupational
Safety and Health (NIOSH) have been aimed at
methods for assessing the welder’s exposure and
design criteria for local and general ventilation sys-
tems. The Welding Environment, published by the
AWS, provided the followinguseful information (Ref.
6):

(1) The type and amount of particulate and gase-
ous contaminants resulting from commonly used
electrodes.

(2) The manner in which fume composition from’

selected electrodes is affected by different manufactur-
ing techniques,

(3) The development of a standard method for
sampling airborne particulate in the welding environ-
ment, Thisinformation was later published as asepar-
ate document (Ref. 7).

In a second AWS pub]ication, entitled Fumes and
Gases in the Welding Environment, data were pres-
ented to enable ventilation engineers to design effec-
tive systems for capturing welding fume (Ref. 8). These

data were generated under closely controlled, open
space conditions within a laboratory. The publication

" addressed both general and local exhaust ventilation

methods, and their effects on each other. Both theoret-
ical and experimental results were used to characterize
the effect of induced air velocity and exhaust volume
on fume concentration within the welder’s breathing
zone. Several local exhaust configurations were tested,

including portable flanged intakes of different diame--

ters, a slotted exhaust inlet and an overhead canopy
hood. Each of these configurations were custom built
to the rescarcher’s spemficatxons Fume and crossdraft
simulators were used in the experiments,

A NIOSH published document entitled Engineering
Control of Welding Fumes developed design criteria
for local ventilation systems (Ref. 9). During this
investigation, the effectiveness with which selected
ventilation methods protected the welder from expo-

~ sure to the fume was measured. These methods
.included a slotted backdraft hood similar to that pres-

ented in the Ventilation Manual of the American Con-
ference of Governmental Industrial Hygienists (ACGIH)
(Ref. 10), as well as a free standing, flanged, rectangu-
lar hood. Several types-of welding processes were
tested, including shielded metal arc welding (SMAW)
and gas metal arc welding (GMAW). This research
was similar to the AWS research in that the exhaust
control methods were.custom built and the tests were
performed in open spaces in a laboratory setting,

STUDY OBJECTIVE

Recently, NIOSH has issued criteria for revised stand-
ards for occupational exposure to nickel and hexaval-
ent chromium (Cr VI). NIOSH is recommending a
reduction in the current permissible exposure limit
(PEL) from 1,000 to 15 ug/m3 for nickel and from 50

N |
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ung/m3 for total Cr VI to 1 ug/m?3 for certain water
insoluble Cr VI compounds, and 25 ug/m3 for water
soluble Cr VI (Ref. 12). The Occupational Safety and
Health Administration (OSHA) is considering several
options for the Cr VI PEL which include (Ref. 14)

(1) 10 pg/m3 with a 25 ug/m3 ceiling.

(2) 1 ug/m3 with a 10 ug/m3 ceiling,.

(3) The lowest technologically feasible TWA with
no ceiling or with an approprlate ceiling (such as 10,
25, or 50 pg/m3).

The question arises as to the technical fea31b111ty of
reducing nickel and chromium levels within the high
alloy welding environment to ‘these low standards
using today’s state-of-the-art ventilation control meth-
ods. It was the primary intent of this study to evaluate
the effectiveness and applicability of three different
types of commercially available local ventilation con-
trols in reducing worker exposure to welding gener-
ated contaminants. In addition, a personal protective
device (air purifying helmet), was also studied.

Tests were limited to shielded metal arc welding
(SMAW) on stainless steel. Both open and confined
space conditions were tested in a controlled environ-
ment within a welding research center. To establish a
baseline for evaluation of the devices, tests were also
conducted without the use of ventilation controls.

This demonstration study is intended to serve as a
basis for further ventilation studies under a much
wider range of production conditions.

DEVICES EVALUATED

The devices tested are listed in Table 1-1; specifications
are presented in Table 1-2. Photographs of each of the
devices are presented in Figs, 1-1 through 1-5,

EVALUATION OF VENTILATION CONTROL

The primary emphasis in the study was directed at
assessing the effectiveness of the control measures.
Besides effectiveness, other important aspects relating
to the applicability of these control measures were also
evaluated including: usability, reliability, effect on the
process and worker acceptance. Specific design related
considerations were not included in this evaluation,
e.g., system size and weight, complexity, and power
consumption; nor were costs considered. These latter
factors, although important in the selection of a device
for a specific application, should be addressed usinga
systems design approach.

*The OSHA standard is 100 pg/m? for chromate (CRO;)
which on a weight basis equate to approximately 50 ug/m3
for CR VI alone.

Copyright by the American Welding Society Inc
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Ventilation Effectiveness

A ventilation control has a twofold role of preventing
the contaminants from directly entering the breathing
zone of the welder as well as protecting other person-
nel in the area. Effectiveness in protecting the brea-
thing zone from welding generated contaminants was -
evaluated in this study using personal filter samples
taken underneath the welding helmet. General area
samples were taken to assess buildup in the workplace.

" It should be emphasized here that effectiveness, as

defined ‘above, is different than capturé hood effi-
ciency. Capture hood efficiency is defined as the ratio
of the amount of generated contaminant that is
removed by the capture method to the total amount
that is generated by the welding process. Effectiveness,
on the other hand, is evaluated in terms of the control’s
ability to reduce breathing zone concentrations.

Usability

In industry, welding is performed in both production
and maintenance applications on a wide variety of
workpieces. The physical interferences which limit the
applicability of a particular ventilation control mca-
sure may result from the size and limited mobility of
the control measure itself or they may be due to the size
and configuration of the workpiece or the room, com-
partment or vessel in which it is housed. All of the
welding control methods evaluated in this study can be
classified as mobile methods, i.e., they are capable of
being repositioned as necessary to accommodate vary-
ing requirements of a job.

Another important aspect of usability relates to the
ability of a control measure to maintain itself in the
various positions required by the work, Even if physi-
cal interferences or lack of mobility do not limit access
to the proper position needed for effective control, ina
given situation the control measure may not be able to
maintain the required position for effective capture
itself. A control measure without-the means for being
properly positioned will not be used properly, if at all,
The usability of these three control methods was
assessed by subjecting them to tests requiring that they
be used in various positions both in open argas and in
confined spaces: :

Reliability .

There were two different factors explored in assessing
the reliability of the control measures. The first aspect
concerns the amount of worker interaction that is
necessary for effective performance. The most desira-
ble situation would be for the control method to be
fully automatic with respect to the welding process and
not requiré amy worker involvement and very little
maintenance. No such measure, howcver, was found
for the shielded metal arc process (SMAW). Each
control measure evaluated required some degree of
worker involvement; the extent of that involvement
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Table 11 - -
~ Devices tested

Type Description " - Abbreviation ‘Figure no.

High volume  Two types evaluated: g : 7 Hi-Vol ) 1-1
(1) Flexible hose with suetion hood; hood )
repositioning mechanism consisting of
adjustable support arms extending from
movable platforms (for open spaces), : =

(2) Flexible hose with suctionhood; no o : ' 12
repositioning mechanism-(for confined : .- :
- spaces). - o i : oo i S ) .

High velocity, low - Portable; “vabuum-cleaner;’ style pickup ~ ° - HVLY - 13 -
volume E with five different attachments. - - T - -

-Handheld shield - * A handheld pickup for usé on the “HVLV” - Hand shield 1-4 -
" exhauster : system, which has the viewing glass and face e ' - :
’ shield incorporated into the exhauster. - -
Air purifying helmet A helmet consisting of a face shield; viewing - - APH . 1-5
_ glass, hard-hat and battery powered o
blower/fitter. .~ . I

Retractable arm

i

Bali joint

Flﬂexduct to fﬁn

Mobile platform
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Table 1-2
Specifications for devices tested

High volume:
Airflow rate:

1000 cfm (0.47 m® [sec)

Duct diameter: Open space — 5 in, (12,2 cm)
Confined space — 8 in. (20.3 cm)

Intake size:

Open space — oval 10 x 15 in. (25.4 x 38.1 cm)

Confined space — 8 in. (20.3 cm).square

Intake material: Open space — fiberglass
Confined space — galvanized sheet metal.

Reach: Open space — 15 ft (4.6 m)
Confined space — as long as flex duct,

High velocity, low volume:
Airflow rate:

Rated at 130 £t /min (0.06 m® /éec) (rating conditions not specified).

Using the blower and hoses supplied with the unit, and using 25 ft (7.6 m)

on the inlet and 10 ft
exhaust rate was 80 ft

1.75 in. (4.45 cm)
High pressure — 2 stage

Hose diameter:
Blower type:

g3.1 m) on the cutlet of the blower, the measured
/min (0.03 m3 /sec).

Recommended arc to intake distance: 3/4 to 2 in. (1.9-5.1 cm)

Handheld shield:

The handheld shield was used with the portable HVLV blower system.

Alr purifying helmet:

Airflow rate: 8 ¢fm (13.6 m® [Hr)
Noise: 70 dbA at wearer’s ear
Filters: HEPA (99.97% efficiency on DOP with 0.3 micron particle size).

Face protection: Complies with ANSI Z87.1-1968.
Welding shield: 4-1/2 x 5-1/4 in. (11.4 x 13.4 cm) glass

Battery pack:
Weight:

Ni Cad rechargeable, 8 hr continuous use per charge.

Helmet and hose - 2.0 1bs (0.9 kg) -
Airflow module (with batteries and filters) - 3.9 1bs (1.8 kg)

and the susceptibility for the method to be improp-
erly, and thus ineffectively, applied by the welder dur-
ing the course of its use was thus evaluated.

The second aspect of reliability relates to the ability of

a control to sustain its performance for a long period
of time in severe industrial applications. Susceptibil-
ity to failure could arise, for example, because of a
control method’s potential for plugging, resulting in
reduced air flow, and incomplete fume capture, or to
physical damage to the hood, support systems, or
ducting.

Copyright by the American Welding Society Inc
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During this study, the worker interaction aspect of
reliability was evaluated by giving a welder specific
instructions on how to-use the control properly and
then assessing his peiformance as he attempted to
carry out these instructions. The second aspect of reli-
ability, however, was more difficult to assess because
the controlled conditions and short duration of the
tests did not allow ample opportunity for the kinds of
failures to occur that might eventually occur in indus-
trial applications. Thus, failure modes were evaluated
by assessing possible causes of failure and noting any
required maintenance procedures.
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Flexible ductwork -

Metal intake

Magnetic
coupler

Fig. 1.2—High volume-confined space ¢xhauster
(Posed picture; during tests welder wore safety glasses and gloves)

Effect on the Process

A ventilation control could affect the wcldmg process
by: :
(1) Affecting the ability of the welder to produce a
weld of acceptable quality.

(2) Slowing the welder down, thus reducing the
production rate.

(3) Adding unusual constraints that ‘the weld-
ing procedure cannot tolerate.

_ As was indicated earlier, the ventilation control mea-

sures available for shielded metal arc welding do not -

function automatically. Rather, they require manual
input from the welder, primarily to reposition the
intakes to effectively capture the fume. The possibility

exists that the welder could position the control either

too far from or too close to the point of welding. If the
distance is too great, ineffective capture results. If too
close a distance is used, the possibility exists that the
shielding atmosphere around the weld could be dis-
rupted to the extent that welding quality would be
affected. It is doubtful that adverse effects on weld
quality resulted from the control methods used in this
study. The welderreported that the controls caused no
apparent changes in the welding process or the ulti-
mate appearance of the weld. Had such changes been
suspected, further tests would have been required to
assess the extent of the disturbance..

The effect of a particular ventilation control on pro-

ductivity was easier to assess.. By having the worker
perform a fixed protocol of welding operations, with
and without the use of the control measure, permitted
an assessment of potential reductions in productivity.

The possible addition of unusual constraints was also
evaluated by maintaining close surveillance of the
‘worker as he welded.

Worker Acceptance
Whether or not a particular control measure is accepted

‘by the welder is dependent on many factors, both

objective and subjective in nature. Three objective
factors that represent physical requirements of every
job, are critical to worker acceptance. These include:

(1) The amount of effort required to operate a

“confrol.

(2) Any geometrlcal limitations that would pre-
vent the worker from gammg safe access to and per-
forming the work.

(3) Anythmg that would obstruct the workers
vision,

Other factors, more'subjective in nature, center around
the worker’s basic attitude toward additional tasks
associated with operating safety and health measures,

Copyright by the American Welding Society Inc
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Side stick (foreground) and funnel nozzles

Fig. 1.3—High velocity low volume (HVLV) nozzles

Viewing
glass

Intake
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Helmet

Air hose -

Blower and :_
filter unit

Introduction|7

4 Clear safety
7 shield

i Belt

Fig. 1.5—Air purifying helmét - welding shield in raised position

In this study, worker acceptance was evaluated as
follows. At the beginning of the testing, the welder was
informed that he would be. using several different
techniques to control fime. He was invited to freely
comment as the tests progressed giving his opinions
about the controls and any problems he encountered
inusing them, especially in the three areas listed above,
The observations of the study representative who wit-
nessed the tests are also reported.

EVALUATION OF THE AIR PURIFYING HELMET

The air purifying helmet was evaluated in the same
basic way as the ventilation controls, with one notable
exception. The air purifying helmet is not an exhaust
control method, ie., it does not effect reductions in
worker exposures by removing contaminants from the
workplace, Instead, it isolates the breathing zone of
the worker fromr the conditions of the workplace.
Thus, when evaluating effectiveness. and reliability, it
is the effectiveness and reliability with which the isola-
tion is accomplished that is the subject for evaluation.

TESTING FACILITY
Building 7

The testing was conducted at Harnischfeger Corpora-
tion’s Manufacturing Training Center Complex, located
in Milwaukee, Wisconsin. The building used was a

~ separate, small facility, which was not in use at the
- time, No other fume or metal dust producing processes

were being operated in the building,

A schematic diagram of the building is shown in Fig.

1-6. The building measures 24 feet (7.3 m) W x 51 feet
(15.5 m) L x 14.5 feet (44 m) H, with a volume of
approximately 17,750 ft3 (503 m3). One-third of the
building was used for conducting the study. Welding

. took place on a metal table, measuring approximately

3 x4 1t (0.9 x 1.2 m). The building was heated by two
gas-fired heaters, but to avoid disruptive crossdrafts in
the work area, only the heater on the far side of the
building away, from the test area, was operated during
the study.

Copyright by the American Welding Society Inc
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General Ventilation and Fan Systems

Without some general ventilation, the amount of weld-
ing fume within the building would have significantly
increased with time, which would, in turn, have made
it more difficult to assess the effectiveness of control
measures. To prevent this buildup, some general venti-
lation was necessary, however, care was taken to pre-
vent disruptive crossdrafts. The general ventilation
was regulated so that it could be reproduced for each
test within acceptable tolerances. It consisted of a
continuous exhaust of 1600 ft3/ min (0.75 m3/sec) from
a baffled area at roof level far enough above the work
bench to prevent the creation of updrafts which could .
alter the conditions to which the local exhaust control
methods would be subjected (Fig. 1-7). The general
ventilation rate was 5.4 air changes per hour. Because
it was not feasible to penetrate the roof and use a roof -
ventilator, a ducting scction was used (back of baffled
arca) to exhaust air through the wall of the building.
The wall exhauster is shown from outdoors in Fig, 1-8.
Just below it in the figure, the blower system is shown
which was used to exhaust the high volume control
devices. This blower was oversized for the application
so that it could be easily modulated as necessary using
a flow control damper and orifice flowmeter. The
exhauster for the two low volume methods is shown in
Fig. 1-9.

Copyright by the American Welding Society Inc
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Fig. 1.6—Schematic plan view diagram of building where tests were conducted

SECTION 2
CONCLUSIONS

(1) Each of the ventilation controls tested sub-
stantially reduced breathing zone and general area
concentrations of welding generated contaminants in
both open and corfined spaces,

(2) The reductions-in worker exposure measured
in this study represent what can be achieved when
control measures are used consistently and positioned
properly,

(3) Both the high volume and high velocity low
volume (HVLYV) ventilation controls reduced brea-
thing zone and gencral area concentrations of total
particulate, iron, chromium, nickel, hexavalent chro-
mium, manganese, and fluorides in both open and
confinied spaces to below existing OSHA PEL’s. The
handheld shield exhauster was able to meet existing
OSHA PEL’s in open space conditions, but the exist-
ing limit for hexavalent chromium was exceeded in
confined space tests. S

(4) ‘The high volume ventilation methods reduced
breathing zone concentrations of nickel in all cases to
below the 15 g/ ms3 limit being considered by OSHA
and hexavalent chromium concentrations to levels
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Fig. 1.9—Blower for external exhaust of
high velocity low volume and handheld shield
control measures

below 10 pg/m3, one of the limits being considered by
OSHA. HVLYV also met both of these levels in open
space conditions, but on the average exceeded them in
confined spaces. The handheld shield produced aver-
age breathing zone results that exceeded these new
limits being considered in both open and confined
space.

(5) Exposures in confined spaces were typically
greater than exposures in open spaces, but not always
as much greater as one would expect. This was due to
the fact that the exhaust methods used to directly
capture the fume also contributed to the general venti-
lation rate in the vicinity of the worker. This effect was
especially pronounced in the case of the high volume
exhauster.

(6) The air purifying helmet produced breathing
zone exposures far below the existing OSHA PEL’s.
Nickel exposures were less than the 15 ug/m3 limit
being considered, and hexavalent chromium expo-
sures were less than 10 ug/m3, which is one of the
limits being considered by OSHA.

Copyright by the American Welding Society Inc
Sun Jul 06 10:31:46 1997

(7) Applicability was evaluated in terms of usabil-
ity, reliability, effect on the process and worker accep-
tance. Some of the attributes and deficiencies of the
devices tested which were concluded from this evalua-
tion are:

High Volume Exhauster

Attributes — The higher amount of exhaust
used permitted some flexibility in positioning the
hood. -
The device was easy to use when welding in
open spaces.

Deficiencies — Different devices were needed
for open and confined spaces.

Some difficulty was encountered in properly
positioning the exhaust in confined spaces.

The large suction opening and ductwork were
susceptible to pluggage by shop rags.

High Velocity, Low Volume (HHVLYV)

Attributes — The relatively small size and light
weight of the exhaust hose and nozzles made this
method easily usable in both open and confined
spaces.

A good selection of available nozzles permitted
close capture in all of the positions tested.

Deficiencies — Different nozzles were needed
for different tasks, requiring the worker to change
nozzles during the work.

Handheld Shield

Attributes — This device was usable in both
open and confined spaces with no apparent limitations.

During horizontal welding, the extractor was
favorably located above the weld to receive the rising
fume. :

Deficiencies — Continuous awareness was neces-
sary to assure that the extractor did not drift too far
from the arc. )

The device eliminated the use of one hand,
which limitation the worker did not like.

Peripheral vision was obstructed by the neces-
sity to view through a long tube.

Air Purifying Helmet

Atiributes — No interferences were encoun-
tered when using this personal protective device
in either open or confined spaces.

Deficiencies — When used without local exhaust
capture, the performance of routine maintenance
(changing filters, charging batteries) appears essential
to prevent overexposure to the worker.

(8) Productivity was not affected by the use of the
air purifying helmet. However, for the welding pro-
tocol used in this study, the ventilation control methods
reduced productivity by about 14-17% on the average
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as compared to tests where no control was used. All
three ventilation controls had essentially the same
impact on productivity.

(9) Selection of any of these controls measures for
a specific application will require evaluation of more
factors than were considered in this study, among
them: cost, energy consumption, constraints of the
workplace, number of welders to be controlled, and
applicable air pollution codes.

(10) Linear correlations among total particulate
concentrations and the various fume constituents were
high under the conditions of the study, i.e., as total
particulate concentrations increased, the various metal
concentrations increased accordingly.

(11) Most ofthe hexavalent chromium generated by
the shielded metal arc welding (SMAW) used in this
study was of the water soluble variety. No water-
insoluble hexavalent chromium was (suspected car-
cinogen) found in any of the samples analyzed.

(12) The data base was too small to make statisti-
cally valid comparisons between air samples taken
under the welding helmet and those taken on the lapel.

SECTION 3
RECOMMENDATIONS

(1) A setof tests, similar to those conducted in this
study, should be performed to determine the effective-
ness and applicability of gun mounted exhausters that
are commercially available for use with gas metal arc
and flux cored arc welding (GMAW and FCAW).
These tests should be conducted on a variety of mate-
rials, including stainless steel and aluminum. Although
not necessary in thc present study, mecasurements
should be made for gaseous contaminants as well as
particulate when the guns are used.

(2) A study should be undertaken, including field .

assessments, to identify the limiting constraints for use
of a wide variety of exposure control methods and to
establish selectively and design critcria on a systems
basis. A systems approach could take into account
such factors as number of welders, type of welding and
workpiece, plant ventilation systems, energy use, capi-
tal and operating costs, climate, and potential for
recirculation.,

(3) Tests need to be performed to establish a statis-
tically valid data base, comparing in-helmet and lapel
sampling methods being used to determine worker
exposure to welding generated particulate. These tests
should be conducted in such a manner that the effect of
important external variables, including fume genera-
tion rate, general air quality, welding position, helmet
shape and the presence of crossdrafts on each of these
measurement methods can be assessed..

Discussion/11

SECTION 4
DISCUSSION

USEFULNESS OF CONTROLLED TEST RESULTS

The consistency of the results and the high correlation
among the contaminants measured in this study attest
to the merits of studying worker exposures and cap-
ture method effectiveness under controlled conditions.
The team who performed this study had previously
performed two other studies in industry related to
welding and torch cutting fume control technology in
foundries (Refs. 15 and 16). In both studies, capture
methods were assessed during actual production oper-
ations. In the second of these studies, attempts were
madeto establish correlations among the various con-
taminants measured, but no such correlations were
found. It is hypothesized that the primary reason for
lack of correlation was that welding was performed
side-by-side with other processes such as abrasive
grinding, which also produced particulate containing
material other than the base metal, such as sand.
Cross-contamination among processes does not per-
mit the isolation that is so necessary for establishing
correlations.

A real feature of the type of evaluations performed in
this study is that, besides being well-controlled, they
still employ the basic essentials of a full-scale indus-
trial welding operation. The worker was a trained
welder and the workbench and workpiece and degree
of confinement simulated one type of common indus-
trial operation.

NEED FOR ADDITIONAL INDUSTRIATL ASSESS-
MENT

Tests in actual manufacturing operations do have their
place along with controlled experimentation in estab-
lishing the effectiveness and applicability of control
measures and they should be done in the present case.
Field tests in a variety of industrial situations can be
used to identify the limiting constraints of a particular
control device and to establish selectivity and design
criteria on a systems basis. A systems approach to
evaluating controlsituations would include considera-~
tion of such factors as:

(1) The number of welders and their proximity to

each other.
“(2) The type of welding performed and the nature

of the workpiece.

(3) The ventilation systems in use in the manufac-
turing space.

(4) The availability and cost of energy.

(5) The climate.

(6) Costs of controls and ductwork,

(7) Air pollution codes to be met.

(8) Potential for recirculation of cleaned exhaust
air.

Copyright by the American Welding Society Inc
Sun Jul 06 10:31:46 1997



AUS WFDP 42 mm 078425 0007299 0 mm

12/ WELDING FUME CONTROL: A DEMONSTRATION PROJECT

Another difference between controlled experimenta-
tion and evaluation of existing industrial operations is
that, in the latter case, it is very difficult to differentiate
between deficiencies in a particular control method
which may be attributed to inherent defects in the
method itself as opposed to defects in applying the
method. The objective of the study performed here
was to install selected types of control measures and to
supervise their use to assure that they were being app-
lied properly. Important system parameters were mon-
itored, the worker was trained in the proper use of the
systems, and the operation was strictly supervised. As
such, these tests probably represent a baseline defining
what can be accomplished under ideal conditions, A
myriad of factors could act to detract from that base-
line. Chief among these factors is the improper or
incomplete use of the method by the worker. Thereisa
discipline that must be maintained by the worker
which is not easy (sometimes the worker and his man-
agement don’t accept the need to faithfully apply these
control measures to protect the worker’s health). A
second leading factor contributing to ineffectiveness is
lack of maintenance; third in line is probably the dis-
tribution from crossdrafts, especially from mancooler
fans. It would be possible to run tests to establish the
impact of each of these defects but their impacts can be
widely variable, and they are for the most part
preventable.

EVALUATION OF CONTROL MEASURES FOR
OTHER PROCESSES

The same basic study methodology could be applied to
study other forms of welding and cutting technology.
A logical next step to this study, for example, could be
to use an identical protocol to study gun mounted
exhausters used on GMAW and FCAW equipment on
stainless steel, and perhaps also aluminum,

MEASURING WELDERS’ EXPOSURES

Currently, there is controversy about how the welder’s
exposure to air contaminants should be measured.
Two basic approaches are to use: inside and outside
helmet sampling. Differences in sampling inside versus
outside the helmet primarily relate to the barrier which
the helmet represents between the air contaminant
source and the breathing zone. The inside-the-helmet
method withdraws a sample on the same side of the
barrier as the breathing zone; the outside-the-helmet
withdraws a sample on the same side of the barrier as
the contaminant source.

Limited numbers of samples comparing inside versus
outside the helmet exposures were gathered in this
study (Appendix D) as well as other studies (Ref. 15).
The variability measured in each of these studies
emphasizes the need to perform a study which will
statistically define the relationships between these two
sampling locations and assess the effects of important
factors such as fume generation rate, general air qual-
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ity, welding position, helmet shape, and presence of
crossdrafts. This study could provide a basis for a
better interpretation of measurements made to assess
exposure during welding.

SECTION 5
TESTING PROCEDURES AND
MEASUREMENT METHODS

WELDING PROCEDURES

A welding protocol was established and implemented
that required welds to be made in specific positions
and locations, following a set pattern-and sequence.
The simulated work pieces consisted of Tee shaped
bars and a large circular ring that was placed on top of
aworkbench as shown in Fig, 5-1. The vertical barriers
in the figure were installed for two reasons;

(1) To present a barrier, simulating an obstruction,
around which the ventilation controls had to be moved
to perform the various welding tasks involved in the
sequence. This was done to evaluate to the mobility of
the ventilation conirol devices,

(2) To simulate the air baffling effect that the
workpiece or other industrial obstruction may haveto
the direct flow of air toward the exhaust point.

The sequence of welding tasks is indicated on the plan
view schematic in Fig. 5-2. Each new test always
started with Step 1. All of the welds were continuous
and all but Step 10 were fillet welds; Step 10 was a bead
run across a flat plate. Most of the welds were horizon-
tal, with the exception of three vertical down welds
(Steps 4, 6, and 8). The sequence of tests required that
the welder move frequently from one side of the verti-
cal barriers to the other.

The Tee shaped bars measured 4 in. (10 cm) wide and
high by 36 in. (91.4 cm) long. Steps 5 and 9 were
performed on the same fillet piece; only the position of
the piece on the table was changed. The circular weld
was approximately 9.5 ft (2.9 m) in circumference.
Fillet welds were placed both on the inside and outside
of the circle (Steps 3 and 7).

Test Materials

All tests were conducted using 5/32 in. (3.9 mm)
diameter, E308-16 electrodes and 3/8 in. (0.95 cm)
type 304 plate. The compositions of the electrodes
and base metal are given in Table 5-1. Welding was
performed using DC (+) polarity with the machine set
at approximately 130 amperes.




' ' - ) 7 ST Testing Procedures and Measurement Methods|13
- D rTest :
i plates
7 Vertical )
barriers
Test i
plates
. 7 Fig. 5.1—Welding table, with test plates and vertical barriers - - o

Copyright by the American Welding Society Inc
Sun Jul 06 10:31:46 1997



AUS UFDP &2 B 07842L5 0007301 5 &A |

14/ WELDING FUME CONTROL: A DEMONSTRATION PROJECT
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Fig. 5.2==Sequence of welding steps
Table 5-1 )
Electrode and base metal compositions (percentages)
C Mn Ni Cr Cu Co Mo Fe
E308-16 electrode 0.06 1.6 10.0 20.0 <0.5 - <0.5 Balance
18.21 0,15 . 0.07 0.18 Balance

Base metal 0.05 1.77 8.70

See Appendix E for typical fume analysis.

USE OF CONTROL DEVICES

The welder was given specific operating instructions
for each device used, and was supervised during the
tests to insure that the instructions were followed. The
following summarizes the major operating guidelines
for each device tested.

High Volume Exhauster — The ACGIH Industrial

Ventilation Manual (Ref. 10) recommends various arc
to intake distances based on exhaust flows ranging
from 250 to 1000 ft3/min (0.11-0.47 m3/sec) for porta-
ble exhausters used in welding applications (VS-416).
The recommended distance for a flow rate of 1000
ft3/ min (0.47 m3/sec) is 12 in. (30.5 cm). Initial testing
revealed that nearly complete capture of generated
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fume occurred up to about 18 in. (45.7 cm) under the
test conditions encountered in this study. This was
probably due, in part, to the lack of any crossdrafts.
To be conservative, however, the welder was instructed
to maintain an arc to intake distance not exceeding 15
in. (38.1 cm). Photographs showing the high volume
exhauster in use in both open and confined spaces
appear in Fig. 5-3. '

High Velocity Low Volume Extractors — The manu-
facturer’s literature recommends that the HVLV noz-
zles be positioned as close to the arc as possible, within
3/4to2in. (1.9 to 5.1 cm). The welder was given these
same instructions, and he carefully placed the nozzles
as close to the arc as possible, usually within one inch
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Open space device. E . .

Confined space device

Fig. 5.3—High-volume fume exhausters in use
(Posed picture; during tests welder wore gloves)

Copyright by the American Welding Society Inc
Sun Jul 06 10:31:46 1997



AUS WFDP 82 EE D78Y2k5 0007303 9 BN |

3

16/ WELDING FUME CONTROL: A DEMONSTRATION PROJECT

(2.5 ¢cm) but never exceeding 1.5 in. (2.5 to 3.8 cm),
Visual observations indicated that this mode of opera-
tion resulted in nearly complete capture of the gener-
ated fume as shown in Fig. 5-4.

The welder used the long stick nozzle for the horiz-
ontal (Fig. 5-4) and vertical “T” welds, and the short
stick and side stick for the horizontal welds made on
the circular workpiece (Fig. 1-3).

~- The spark trap, located in the blower, was emptied
before each test to prevent flow loss.

Handheld Shield Extractor — The handheld shield
exhauster was used by connecting it to the HVLV
blower system. Again, due to the small volume of air
exhausted, the arc to nozzle intake distance was criti-
cal. However, unlike the HVLYV device, maintaining a
close distance, such as 3/4to 2 in. (1.9 to 5.1 cm), was
very difficult to accomplish with the handheld device
because of the nature of the device. Using the HVLV
control, the worker assured himself of maintaining
proper distances using the following sequence:

(1) With the helmet up, the control was placed in
proper position for welding. The welder could plainly
see how much welding he could perform with the
control in this position.

(2) With the helmet down, the welder could see
when a predicted length of bead was laid or that the
bead was about to extend beyond the end of the suc-
tion nozzle.

Using the handheld exhauster, the positioning
method was different. Rather than making a serics of
position changes, the welder had to continuously
remember to keep the end of the suction device close to
the weld (Fig. 5-5). There was no fixed reference frame
by which he could tell the device was properly placed,
only his experience in using it. Therefore, as could be
expected, drifting of the position of the suction nozzle
was seen to occur during welding, The test supervisor
thus assumed the role of indicating to the welder when
the distance of the nozzle from the weld was getting
excessive and fume was beginning to escape. This
procedure was followed to assure that this device was
also used effectively.

Air Purifying Helmet — For the air purifying helmet
to be effective in protecting the welder’s breathing
zone, it is critical that the clear plastic face shield be
kept down to maintain a seal around the worker’s face
and thus effectively isolate the worker’s breathing zone

from the outside environment. The welder was givenstrict

instructions to keep the clear plastic shield in place at
all times.

The air flow module was attached to the worker’s
waist with an adjustable belt (Fig. 5-6). The air flow
rate was checked using a manufacturer supplied air
flow gauge at the beginning and end of each test to
insure that it remainded within manufacturer’s specifi-
cations. Filters were changed as necessary.
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SIMULATION OF OPEN AND CONFINED SPACE
CONDITIONS

The study requirements mandated that tests be con-
ducted in both open and confined space conditions.
Therefore, a method of simulating a confined space
was developed that could be easily placed in position
and removed from around the same work configura-
tion as was used for the open space tests. This was done
by constructing a. metal enclosure, mounted on cas-
ters, measuring 8 ft highx 8 ft wide x 9 ft deep (2.4x2.4
x 2.7 m), and having a volume of 576 ft3 (15.5 m?3).

The testing station with the enclosure in place is shown
in Fig. 5-7. A tinted plastic curtain covered the face of
the enclosure, which allowed entry and viewing from
the outside. The curtain was kept closed during the
tests. Auxiliary lighting was used inside the confined
space as needed.

AIR SAMPLING PROGRAM

Each device was tested three times under both open
and confined space conditions using a testing sequence
which was randomized for each of the three sets of
experiments. The experimental design for the field
testing is summarized in Table 5-2.

Air samples were taken at four locations throughout
the testing phase of the study and analyzed for total
particulate, selected metals and flugrides:

(1) On the worker’s lapel (lapel)

(2) Inside the welding helmet (breathing zone)

(3) Within the work area (general area)

(4) Inside the building near the louvered air inlets
(background) ’

When confined space tests were run, general area sam-
ples were taken within the confined space; in open
space conditions, samples were taken in the same rela-
tive position within the open area. Three replicate sets
of samples were collected for each of the eight ventila-
tion conditions that were tested (Table 5-2).

Sampling Methods

All of the air samples were collected using 37 mm
filters. Air was drawn through the filters at 2 [ / min by
DuPont® Model P-2500 constant flow sampling pumps.
Rotometer checks of the flow rates at the beginning
and end of each sampling period verified that the flow
varied less than +5 percent as specified by the pump
manufacturers.

Filters were housed in standard 37 mm acrylic cassettes
and in-helmet samples were collected by fastening an
open-face 37 mm filter holder with a bracket within the
helmet as shown in Fig. 5-8. In the case of the air
purifying helmet, the breathing zone sample was taken
under the clear plastic shield (Fig, 5-6).

Metal samples were collected on PVC membranes
filters and particulate fluoride samples were collected
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Fig. 5.4=Long stick nozzle in use
(Posed picture; during tests welder wore gloves)

on mixed cellulose ester -membrane, both having a
pore size of 0.8u. All of the measurements made as
part of this study are classified as time-weighted aver-
ages (TWA). The standards being considered for hex-
avalent chromium include ceiling values, however,
there is no analytical method available for measuring
them.

In-helmet Measurement — The AWS recommended
method for determining worker exposure to welding
generated particulate specifies that the filter cassette
be placed within the helmet (ANSI/AWS F1.1-1978).
Typically, one sample is collected at a time using this
method. The constraints of this study required two
modifications to this procedure:

(1) Inorder to simultaneously measure both metals
and hexavalent chromium, two samples needed to be
extracted from within the helmet. This resulted in a
larger volume of air being withdrawn from the space
between the worker’s face and the helmet.

(2) Because some of the conditions tested produced
potential for exposures to contaminants which may
have a deleterious effect upon the worker’s health such
as nickel and chromium, it was necessary that the
worker wear suitable respiratory protection. Disposa-
ble dust/fume/ mist respirators were used because they
easily fit within the confines of the welding helmet (3M
Type 9920).

To determine the potential effect of these two'changes

‘on breathing zone concentrations, a short study was

performed in which the method used in this study (two
samples simultaneously taken under the helmet and

- the use of a respirator), was compared to the standard

method (one sample under the helmet, no respirator).
Air samples were taken during welding on mild steel
under open space conditions with no local ventilation
but with the general ventilation system in operation.
These preliminary tests indicated that the differences
in the under helmet methods differed less than 15
percent for total particulate and the-metals. Dueto the
small variations found, in-helmet sampling using 2 ~
filters and the respirator was used.

Analytical Methods

The following analytical methods were used to deter-
mine the content of selected contaminants in the sam-
ples taken;

Total Particulate — Total particulate measurements
were made on each sample gathered during the field
testing phase, regardless of the final analysis being
performed (metals, hexavalent chromium, or fluo-
rides), Total particulate analyses were performed gra-

" vimetrically with a Mettler type H-20 analytical balance.

Metals — Nickel (Ni), iron (Fe), manganese (Mn), and
chromium (Cr) were analyzed using a method that
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Horizontal position

Fig. 5.5—Handheld shield in use
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cassette .
7 Clear plastic
shield
Air supply
module

Fig. 5.7——Testing station with confined space enclosure in piace
{(Curtain was closed during the tests)

Copyright by the American Welding Society Inc
Sun Jul 06 10:31:46 1997



AUS UFDP 82 BB 078425 0007307 b BE

20/ WELDING FUME CONTROL: A DEMONSTRATION PROJECT

Table 5-2
Experimental design summary

Device Test condition® Measurement locations¥ Assigned number
None (O} L, BZ, GA, BG 1
Air purifying helmet CS L,BZ, GA 2
High volume extractor 0S L,BZ, GA, BG 3
CS L, BZ, GA 4
High velocity, low volume 0s BZ, GA 5
CS BZ, GA 6
Handheld shield oS BZ, GA 7
CS BZ, GA 8

* (OS — Open space
CS - Confined space
+ L — Lapel
BZ — Breathing zone
GA — General area
BG — Background

Open-face
cassettes

Standard closed
face cassatte
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solubilizes the sample using sodium peroxide fusion.
After fusing the sample at 500° Cin a 10 ml zirconium
crucible, the sample is cooled and acidified with nitric
acid solution. The metal content of the solution is then
determined using atomic absorption (AA).

This method was used because it recovers both
nickel and chromium with satisfactory efficiency.

Hexavalent Chromium (Water Soluble and Insoluble)
— The method used was the AWS recommended
method. Hexavalent chromium content of selected
samples was determinéd by digesting the sample with a
hot dilute solution of sodium hydroxide and sodium
carbonate. Water soluble and insoluble fractions were
separated by first washing the sample at room temper-
ature with a 1 percent sodium carbonate solution
beforeleaching it with with the hot NaOH-NayCOjs solu-
tion, Chromate content of each leach solution was
determined spectrophotometrically using the diphe-
nylcarbazide method.

Fluorides — Method 810 specified by the American
Public Health Association (APHA) Intersociety Com-
mittee was used. The method employs a filter “sand-
wich” incorporating a membrane filter for collecting

110V 5
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the solid phase and an alkali-impregnated cellulose
pad for collecting the gaseous phase. The membrane
filter (cellulose membrane, 0.8 pore diameter) and
collected material are made alkaline, ashed, and the
fluoride content of the solution made of the melt is
determined with an ion selective electrode. Gaseous
fluoride is determined in an aqueous extract of the
cellulose backup pad, also using an ion selective
electrode.

Arc Time Measurement

Arc time was measured so that the amount of welding
performed during any particular test could be mea-
sured and the effect of the devices tested on work
productivity could be assessed.

Arc time was measured by two methods:

(1) A clock, tripped by a coiless relay which pro-
vided a cumulative measurement.

(2) A square wave generator that indicated the
number of electrodes that had been consumed in addi-
tion to the total arc-on and arc-off times.

A schematic diagram of the measurement systems
used is shown in Fig. 5-9.

Strip-chart
recorder

7VvDC
power supply

60 cycle <

8.33

Synchronow motor
digital clock

ﬁ

Welding electrode
lead

J

Coiless relay

Fig. 5.9—Arc time measurement system

Copyright by the American Welding Society Inc
Sun Jul 06 10:31:46 1997



AUS UFDP &2 WE 078Y2L5 0007309 T EE

22/ WELDING FUME CONTROL: A DEMONSTRATION PROJECT

SECTION 6
EVALUATION OF
EFFECTIVENESS

INTRODUCTION

This section presents a summary of the experimental
results of the air contaminant monitoring. Both venti-
lation controls and the respiratory protective device

are discussed, although the term “effectiveness” as-

applied to each is different (see Section [, pp. 2 and 8).

The results presented in this section are based on test
using commercially available devices in accordance
with the manufacturers’ specifications.

‘EXPOSURE REDUCTION FOR YENTILATION
CONTROLS

Total Particulaie and Metals

Use of each of the three controls studied resulted in
large reductions in worker exposure to welding fume
constituents (Table 6-1). Reductions were calculated
by dividing the average breathing zone exposures to
specific contaminants measured with the control being
used by the average exposures measured under no-
control conditions.

Reductions ranged from 25 percent to greater than 99
percent. Twenty-eight of the 33 measured reductions
were above 70 percent. As expected, in the greatest
majority of cases the exposures in confined spaces
were greater than the exposures in open space condi-
tions, but the differences were not as great as one
would have expected on the basis of the no control
exposure data. With no controls in use, i.e., with no
local controls but with the general ventilation system
operating, there was a tenfold ratio of exposures
between confined and open space conditions. But
using local controls the ratio ranged from 1.4:1 to
6.1:1. There was no reason to expect that the capture

efficiency of the control measure changed by varying

the degree of confinement. Crossdrafts could have
caused efficiency changes, however, there were no sig-

nificant crossdrafts during the test program (random-

velocities existed in the range of 10-30 ft/min [0.05-
0.15 m/sec]). Based on the assumption that the cap-
ture efficiencies stayed constant for any particular
control measure, the same amount of contaminants
would have escaped into the general area around the
welder in both open and confined spaces. However,
those contaminants did not accumulate to the same
extent with a capture hood in use as they did without,
because the capture hood increased the general venti-
lation rate, i.e., caused a larger number of air turnov-
ers per hour in the space around the welder. This
observation can be borne out by comparing the results
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of the Hi-Vol capture method versus both of the other
lower volume methods, i.e.,, HVLV and handheld
shield. In open space conditions, the use of the Hi-Vol
exhauster resulted in an exposure to total particulate
of 174 ug/m3. Confining this operation only raised the
exposure 40 percent to 238 ug/m3 on the average. On
the other hand, confinement of the HVLV and hand-
held shield methods increased exposures to total par-
ticulate by a factor of 4.5 and 6.1, respectively. Thisisa
trend that would be expected to have an even more
drastic effect as the degree of confinement increased.

These observations can be further borne out by refer-
ring to the area concentration values presented in Fig,
6-1. Comparing open versus confined space data for
the three ventilation controls (right side of graph), it
can be secen that area concentrations signficantly
increased when the low volume methods were used in
confined spaces. On the other hand, area concentra-
tions stayed approximately equal in open and con-
fined spaces when the Hi-Vol method was used.

These same relationships were also apparent for the
other contaminants measured (see Appendix A).

Comparison to Breathing Zone Standards — The Hi
Vol exhaust method met all of the existing Permissible
Exposure Limits (PEL) in both open and confined
spaces, as well as the limits being considered for nickel
and chromium with the exception of the 1 ug/m?
standard being considered for hexavalent chromium.

When used in open spaces, the HVLV method met
all of the existing standards as well as the standards
being considered, again with the exception of the 1
ug/m3 standard for hexavalent chromium. In con-
fined spaces, however, several measurements were in
excess of the 15 ug/m?3 standard being considered for
nickel and both the 1 and 10 ug/m? alternatives being
considered for hexavalent chromium,

In open spaces, the handheld shield did not meet
either of the following standards which are being con-
sidered: 15 pg/m3 for nickel and 1 ug/m3 for hexaval-
cnt chromium,.

In corfined spaces, the existing hexavalent chro-
mium standard (50 ug/m3) was exceeded in some cases
with this method as well as the nickel standard being
considered.

Statistical summaries of the breathing zone and
area measurements for total particulate and selected
metals are presented in Appendix B,

Correlations Among Fume Constituents — Linear
correlations were performed to determine how well the
levels of the different fume constituents correlated to
total particulate and to each other. This was done by
fitting straight lines to the data using the method of
least squares.-Correlations were calculated and plotted
for breathing zone data only, as well as for both brea-
thing zone and area data combined. The results of
these correlations are presented in Appendix C.
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The correlation coefficients were quite high, all
above 0.93, indicating strong linear relationships
between each of the metals and total dust, as well as
among the different constituents.

Fluorides

Particulate fluoride measurcmeﬁts were all below 60
ug/m3, well below the 2500 g/ m3 PEL. Gaseous fluo-
ride measurements were all below 3 ug/m3.

PROTECTION FACTOR FOR AIR PURIFYING
HELMET

In confined spaces, the average exposures under
the helmet were less than the average exposures mea-
sured without this helmet under any conditions in
either open or confined spaces (Fig. 6-1 and Appendix
A).

Evaluation of Effectiveness|25

Protection factors, i.e., ratios of exposure outside ver-
sus inside the air purifying helmet, were calculated
from the air sampling data and are presented in Table
6-2. Protection factors varied among the fume constit-
uents and ranged from approximately 100-700. These
differences may be attributed to the low exposures
measured under the helmet. Small deviations in any of
the fume constituents measured under the helmet
would result in significant changes in the calculated
protection factors. The primary conclusion to be
drawn here is that the protection factors were very
large, and exposures inside the helmet were always less
than 1 percent of the concentrations that existed out-
side the helmet.

Table 6-2
Measurement results summary for the air purifying helmet

Average concentration +, ug/m?

Contaminant Breathing zone Lapel Protection factor*
Total particulate 7.7 33,300 432
Iron 6.0 1,068 178 -
Total chromium 1.5 699 466
Nickel <1.0 101 lQO
Hexavalent chromium < 1.3t 904 > 695
Manganese 1.0 650 650

T — Measurement lower detectable limit,

— The protection factor is defined as the ratio of the lapel measurement to the in-helmet

measurement.
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SECTION 7
EVALUATION OF
APPLICABILITY

In this section, the evaluation of the applicability of
the ventilation control measures and the air purifying
helmet are presented. The criteria used in the evalua-
tion include usability, reliability, effect on the process,
and worker acceptance. Statements and descriptions
of each of these evaluation factors are presented in
Section I.

It should be noted that the evaluation which is dis-
cussed here is based on measurements and observa-
tions made during this study. It is recognized that
other welding situations can and do occur which could
place additional constraints on the applicability of a
particular control measure. These constraints are not
described in this section, but are briefly discussed in
the next section.

USABILITY
High Volume Exhauster

This capture method exhibited substantial flexibility
in positioning because of the high volume of air used.

Positioning was found to be easy to accomplish when

welding in open spaces.

Different devices, however, were needed for open and
confined spaces. The retractable arms and swivel
joints which permitted the hood to be placed in a
position and remain there were only usable in open
areas. In confined spaces, only the flexible duct and
intake hood could be used. In some cases, trouble was
experienced in positioning the control in confined
spaces. The weight of the hose sometimes caused the
exhaust opening to swivel on its magnetic attachment,
requiring readjustment (Fig. 7-1).

High Velocity Low Volume

The relatively small size and light weight of the exhaust
hose nozzles made the HVLYV easily usable in both
open and confined space conditions, There was a good
selection of nozzles available having various shapes
for use in different geometric positions, allowing fume
to be extracted close to the weld in all conditions
tested.

Handheld Shield Exhausts

This device was used in both open and confined spaces
with no apparent restrictions. The relatively small size
and light weight allowed the shield to be used in almost
any configuration.

Air Purifying Helmet

No interferences were encountered when using the air
purifying helmet in either open or confined spaces.

Copyright by the American Welding Society Inc
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RELIABILITY
High Volume Exhauster

The effective use of the high volume exhaust required
that the worker faithfully reposition the intake to be
within about 15 in. (76 cm) from the arc. This required
that he be constantly aware of how much welding
could be done before position changes were necessary.
With careful instruction and supervision, the worker
experienced no particular difficulties in accomplishing
the necessary position changes, with the exception of
the enclosed space conditions where the size and
weight of the hose sometimes presented some prob-
lems in maintaining the position of the hood. The
hood tended to swivel on its magnet.

One system failure did occur during the testing. A shop
ragentered the intake and caused a partial duct block-
age, resulting in a substantial reduction in air flow. A
wire cross member installed in the duct above the
intake prevented the rag from reaching the fan.

High Velocity Low Volume

The effective use of HVLV also required that the
worker faithfully reposition the intake, this time to be
within 3/4 to 2 in. (1.9 to 5.1 cm) from the arc. And
again, with careful instruction and supervision, the
worker experienced no difficulty in accomplishing the
necessary position changes, The sensitivity of the
method to position is shown in Fig, 7-2.

Because the nozzle to arc distance is so short, three
different nozzles were required to perform the welding
protocol followed in this study. This required that the
worker use the proper nozzle for the specific weld
being performed, and switch among these nozzles as
necessary.

Handheld Shield

The basic design of the handheld shield insures that the
exhaust is used by incorporating the viewing glass and
face shield into the fume extraction nozzle. Depending
on whether the welding was horizontal or vertical, the
extraction nozzle was either placed on top of or to the
side of the weld (Fig. 7-3). The nozzle did not have to
be as close to the weld when it was located directly
above it because capture was enhanced by the thermal
draft which directed the fume into the nozzle. The
capture hood was effective up to 5 in. (13 cm) or more
above the weld (Fig. 7-3A), whereas, effective capture
from the side rcquired that the nozzle be within about
2 in. (5 cm) from the weld (Fig. 7-3B).

Although the worker was forced to use the extractor in
order to use his welding viewing shield, this fact alone
did not automatically guarantee that the nozzle was
maintained within the required distance for effective
capture.

Figure 7-4 shows the importance of close access to
proper use of the control measure. In Fig. 7-4A, the
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Fig. 7.1=The weight of the flexible hose had an effect on the direction
of the exhaust opening in confined spaces (HI-VOL),metl}Od)

worker is not restricted from gaining close enough
access to use the method properly. Figure 7-4B is a
posed picture to show what would happen if obstruc-
tions prevented close access. In this case, the worker
may be close enough to do the welding, but he is not
close enough to use the extraction hood.

Evenin cases where the hood was initially placed close
enough to the welding to be effective, it was seen to
drift back and forth as the welding proceeded. All of
the above observations emphasize the need for the
worker to be well versed in the effective use of this
method and continuously aware of the need to posi-
tion the extractor properly.

Air Purifying Helmet

This deviee required very little worker involvement for
it to be used effectively. The only requirement for
worker interaction was keeping the clear plastic shield
in place at all times.

The air filtering unit required routine mainténance to
ensure that it operated properly. The battery pack had
to be charged and the HEPA filter changed regularly
to ensure that the proper amount of air was delivered
to the helmet. The replacement schedule for the HEPA'
filters was found to be a function of the particulate
concentrations in the general arca. Under confined
space conditions (total particulate concentrations of
about 30 to 50 mg/m?3), the filter life was defermined to
be about 16 hours. The batteries required recharging

about every 8 hours of use, as recommended by the
manufacturer.

The faithful performance of routine maintenance was
essential to prevent overexposures because the device
was used in the absence of local exhaust capture of the
welding fume.

EFFECT ON PROCESS

None of the devices tested produced any noticeable
adverse effects on the quality of the welding being
done or unusual constraints on the welding procedure,
The primary effect on the process was on productivity.

IMPACT ON PRODUCTIVITY

The impact that each control had on worker produc-
tivity was measured in two ways, which are summar-
ized below: .

Method 1 — Percent arc time of total work time.
This was calculated by measuring the cumulative total
arc time for each test and dividing by the total test
time, excluding breaks and lunch periods.

Method 2 — Number of electrodes burned per
minute of work time. This was determined by counting
the number of electrodes consumed and dividing that
number by the total test time, excluding breaks and
lunch periods.

The second method was used because any variability
caused by changes in the amount of metal deposited is
accounted for by increases in the electrode count.

Welding Society Inc
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Effective capture with the nozzle pasitioned within the recommended 3/4-2in.
(1.9 - 6.1 cm} distance of the arc. ’ -

Ineffective capture with the nozzle positioned at about 4 in. (10.2 cm) distance from
the arc (not atllowed during testing program). -

Fig. 7.2—=The effect of improper nozzle positioning on the effectiveness of HVLV
(Posed picture; during tests welder wore gloves)
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Phofograph A

Horizantal welding with the nozzle positioned above the arc at approximately
6in. (12.7 cm). : : . ’

- Photograph B )
Vertical welding with the nozzle positioned to the side of the arc.

—Fig. 7.3~ Effect 6f welding position on arc to nozzle distance
needed for effective fume capture using the handheld shield

Copyright by the American Welding Society Inc
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Photograph A Photograph B
Handheld shield properly positioned. Handheld shield improgerly positioned (not aliowed during test program),

Fig. 7.4==The effect of positioning on the performance of the handheld shield exhauster

55
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Fig. 7.5—~Work study measurement results - Method 1 arc time basis
(work time excludes lunch and breaks)
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Fig. 7.6—Work study measurement results -Method 2 electrode count basis
(work time excludes lunch and breaks)

The results of method 1 (Arc time) measurements are
presented in Fig. 7-5 and method 2 (Electrode count)
in Fig. 7-6. Method 1 results indicate an average arc
time of about 44 percent of total work time for the two
conditions that did not require worker interaction to
operate and reposition a control (the air purifying
helmet and no-control conditions) and an average
ratio of about 38 percent of total work time when the
ventilation controls were used. This represents a 14
percent reduction in arc time under conditions where
worker interaction is required to operate the controls.

This reduction in arc time percentage between either -

the no-control (NONE) or the air purifying helmet,
and the ventilation controls are statistically significant
(F Test, & = 0.05) but the differences among the venti-
lation controls are not significant.

The second type of measurements, in terms of elec-
trodes/min., indicate approximately the same results;
ontheaverage, a 17 percent decrease in the number of
electrodes consumed per minute when the ventilation
controls were used.

WORKER ACCEPTANCE

The handheld shield was the only device tested that
was not accepted by the worker because:
(1) It required that the welder hold the electrode

“holder with one hand whereas he often preferred to use

two hands.
(2) It obstructed peripheral vision because the
viewing of the welding was through a long tube.

Welding Society Inc
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Appendix A: Breathing Zone and Area Concentration Averages and
Ranges for Selected Fume Constituents
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Particulate fluoride
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Appendix C: Correlations Among Fume Constituents

Linear correlations were performed among the var-
ious fume constituents and the results are presented in
the following figures.

Linear: Y = Intercept + Slope*X

R-squared= 8937 8.93743E-01
Intercept =  9.19561 9,19507E+00
Slope = .0079 7.87584E-03
Source Df ss MS F
Regression 1 6283.223 6283.223 151.400
Residual 18 747.015 41.501
Total 19 7030.238
Breathing zone concentrations - micro g/m3
920
80
70
60
60
Z r=085
40
30
20
10§
o] O]
0 |qII|III|IIIII|IIIIIIIIIIIII'Illlllllll|l|ll|lll
0 2000 4000 6000 8000 10000

Total dust

Fig. C.1—Nickel and total dust
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56/ WELDING FUME CONTROL: A DEMONSTRATION PROJECT

Linear: Y = Intercept + Slope*X
‘R-squared= 9762 9,76240E-01

Intercept -16.6923 -—1.66923E+01
Slope 0638  5.38352E-02

Source Df SS MS F

Regression 1 293575.956 293575.956 739.587
Residual 18 7145.021 396.946
Total 19  300720.977

Breathing zone concentrations - micro g/m3
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Fig. C.2—Total chromium and total dust

Copyright by the American Welding Society Inc
Sun Jul 06 10:31:46 1997



“AUS UFDP 82 WN 0?842k5 0007342 & WE

Appendix C[57
Linear: - Y = Intercept + Slope*X
R-squared=  .9047 9.04697E-01
Intercept = 7801 ~ 7.80094E-01
Slope = .,0911. 9.11376E-02
Source Df - SS MS F
Regression 1 841363.337 841363.337 170.871
Residual 18 88631.340 4923.963
Total 19 929994.677
Breathing zone concentfations - micro g/m
i g
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Fig. C.3—~Iron and total dust
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58/ WELDING FUME CONTROL: A DEMONSTRATION PROJECT

Linear: Y = Intercept + Slope*X

R-squared= 9159 9,156856E-01
intercept = —-10.9955 -1.09955E+01
Stope = 0332 3.31856E-02
Source Df SS MS F
Regression 1 88252.482 88252.482 163,266
Residual 15 8108.140 540.543
Total 16 96360.622
Breathing zone concentrations - micro g/m3
300
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Fig. C.4—Hexavalent chromium and total dust
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Appendix C/59

Linear: Y = Intercept + Slope*X

R-squared= .8683 8.58346E-01
Intercept = 11,0482 1.10482E+01
Slope = .1450 1.45023E-01
Source Df SS MS F
Regression 1 6483,850 6483.850 121.189
Residual 20 1070.043 53,502
Total 21 7553.893
90 Breathing zone concentrations - micro g/m3
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80 [—
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Fig. C.5—Nickel and total chromium
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60/ WELDING FUME CONTROL: A DEMONSTRATION PROJECT

Linear; Y = Intercept -+ Slope*X

R-squared= 9923 9.92321E-01

Intercept = -38.8118 -3.88118E+01

Slope = .0682 6.816562E-02
Source Df SS MS F
Regressian 1 27750457.6576 M7D.3D  277504567.6576 M7D.3D  5657.000
Residual 43 214732.713 4993.784

Total 44 27965190.3702 M7D.3D

Concentrations - micro g/m3
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Fig. C.6—Composite total chrominm and total dust
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Appendix C|61

Linear: Y = Intercept + Slope*X
R-squared= 9840 .9.83978E-01

Intercept =  8,1451 B.14510E+00
Slope = .0080 8.009571E-03
Source Df SS MSs F
Regression 1 383139.570 383139.570 2640.846
Residuat 43 6238,532 145,082
Total 44 389378,102
Concentrations - micro g/m3
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400
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Fig. C.7—Composite - nickel and total dust
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Linear: Y = Intercept -+ Slope*X

Fe

R-squared= 0877 9.87722€-01

Intercept =  -23.6364 -2.36364E+01

Slope = 0928 9.27519E-02
Source Df SS MS 3
Regression 1 513795406584 M7D,.3D 51379540.6584 M7D.3D  3459.111
Residual 43 638695.885 14853.393

Total 44 52018236.5432 M7D.3D

Concentrations - micro g/m3
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Fig. C.8—Composite - iron and total dust
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Appendix D: Lapel Versus In-Helmet Sampling Results

For comparative purposes, a small number of lapel
and in-helmet samples were taken simulataneously
under four different testing conditions. The results are
presented in Table D-1, including total particulate as
well as metals. Lapel to in-helmet ratios varied between
0.04 and 2.69. Generally, it appears that larger and
more consistent ratios occurred when high concentra-
tions were measured, as in the no-control/open space

63

testing condition. Data obtained under the no-control
testing condition produced ratios greater than 1 (rang-
ing from 1.0-1.64) for total particulate and all of the
mctals. Measurements made in the other test condi-
tions produced concentration results that were about
an order of magnitude lower, and the lapel to in-
helmet ratios covered a much larger range (0.04-2.69).

Copyright by the American Welding Society Inc
Sun Jul 06 10:31:46 1997



AUS UFDP 82 B 07842L5 0007349 0 WA

64/ WELDING FUME CONTROL: A DEMONSTRATION PROJECT
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Appendix E: Chemical Analysis of Fume

The fume generated by the E-308-16 electrode was
analyzed by the AWS Project Committee on Fumes
and Gases. The results are shown in Table E-1. When
the total amount of fume collected is such that that the

total chromium is less than 50 micrograms (detectabil-
ity limit), then the chromium value must be projected
by multiplying the percent in the fume by the total
weight collected. This will apply to nickel as well,

Table E-1
E308-16 fume analysis
(expressed as percent by weight)

Element

Percentage

Total chromium
Soluble Cr VI
Insoluble Cr VI
Non Cr VI

Iron

Nickel
Manganese
Total fluoride
Potassium
Sodium

Silicon

5.57
4.12
0.30
1.15

10.8
0.75
6.2

16.8

18.9

10.4
4.9
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