This Survey Report and any recommendations made herein are for the specific facility evaluated and may not be universally applicable. Any
recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved. Additional NIOSH
Survey Reports are available at http://www.cdc.gov/niosh/surveyreports.

IN-DEPTH SURVEY REPORT:

THE EFFECT OF WELD PROCESS AND VENTILATION METHOD
ON PHYSICAL WORK LOAD, WELD FUME EXPOSURE, AND
WELD PERFORMANCE IN A CONFINED-SPACE WELDING TASK

at

Jeffboat Shipyard
American Commercial Barge Lines {ACBL)
Jeffersonville, Indiana

Report Written By
Steven J Wurzelbacher, NIOSH
Stephen O Hudock, NIQSH
Bran D Lowe, NIOSH
Ova E Johnston, NIOSH
Stanley A Shulman, NIOSH

REPORT DATE
Novammber 2000

REPORT NO
EPHB 223-11b

U S DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service
Centers for Disease Control and Prevention
National Institute for Occupational Safety and Health
Division of Physical Sciences and Engineering
Engineenng Control Technology Branch
4876 Columbia Parkway - RS
Cincinnatl, Chio 45226


http://www.cdc.gov/niosh/surveyreports

Study Site

SIC Code
Study Dates

Study Cenducted By

Employer Representative

Employee Representative

Analytical Support

Analyticai Consultation

Manuscnpt Prepared By

Jeftboal Shipyard

American Commercial Barge Lincs (ACBL)
PO Box 610

Jeftersonville, Indiana 47130

3731
Apnl 12-16, 1999

Steven J Wurzelbacher, NIOSH
Stephen D Hudock, NIOSH
Brian D Lowe, NIOSH

Ova E Johnston, NIOSH
Damel Almaguer, NIOSH
Paniel § Watkins, NIQOSH

Stephen R Mornes, Dhrcetor of Safety
{812} 288-1741

None

DataChem Laboratories

960 West Levoy Dnive

Sal Lake City, Utah 84123-2547
(801) 266-7700

Marjone E Walluce, NIOSH

Margaret A Ivory, NIOSH



DISCLAIMER

Mention of company names ar products does not constitute endorsement by the Centers for
Disease Control and Prevention



ABSTRACT

The ergonomuc factors atfecting safety and performance of shupyard welders, especially those
working i confined spaces, have nat been adequately studied Such workers typically weld in
canchtiens that provide madequate ventilation and requare static muscular work and awlkward,
congtramed positres  Thus, there 15 2 need to establish the effectiveness of engineering
taterventions, such as static load reduction and alternative ventdation methods, on the basis of
reducing musculoskeletal/physiological demand and weld fume exposure among confined-space
welders while also enhancing worker performance

To accomphsh these aims, this study measured the effect of weld process and ventilztion method
an the physical work load, weld fume exposure, and weld performance assoctated wath a
simulated confined-space welding task Ten male shipvard welders performed eight flat welding
tasks [four wirg-fed welding tasks (Flux Core Arc Welding or FCAW) and four stick-welding
tasks (Shielded Metal Arc Welding or SMAW)] 1n a functional mock up The maock up was
constructed by NIOSH to match the actual dunensions (~21 by 2t by 16 fi) of a parucular type of
barge hull assembly that required inside welding during 1ts manufacture at the parhicipant shipyard
For each of the ten welders, two ventilation methods were evaluated in the mock up to determune
the resulting weld performance, associated workload, and fume concentrations in the welder’'s
breathing zone, while the eight welding tasks were performed One ventitation method employed
a standard air harn that was currently used at the shipyard The other method used a prototype
fresh air diffuser designed to improve ventilation Heart rate, ratings of percerved exertion (RPE},
electramyographic (EMG) activity from seven upper extremity and torso muscles, discomfort
assessment surveys (DAS), total personal particulate concentrations (mg/m?), and area elemental
concentrattons (mg/m’) from air samples were recorded for each task  In addition, welding
performances in terms of weld quality (as determned visually by an expert welder) and weld
effictency (arc timeftotal weld time, as determined by videotape analysis) was also evaluated for
each task

QOverall, statistical results sndicated that weld process (wire versus stick welding) had sigmficant
effects on subjective physical workload and weld performance Wire welding was associated with
sigmficantly lugher RPEs (ANGOVA, p = 0 0001, estinated difference = 1 06), general DAS
outcome (ANOVA p =0 0076, estimated difference = 0 42, Friedman Chy Square, p = 3863),
and weld efficiency (ANOVA, p=0 0335, estimated difference = 2 1), while stick welding was
associated with signuficantly tugher weld quality (ANQVA, p=0 0001, estimated difference =

0 80) These subjective results indicated that exertion was percerved to be “farly hght” dunng
both types of weldmg, with the ‘general state of comfort right now’ described as “average”
QOverall, the low back, knees, and shoulder regions were reported to be the body areas most
affected by ihis welding job  In addition, weld process was also found to have a sigmficant effect
on objective physical workload, 1n terms of spectral analyses of the EMG data Specifically, for
most muscles tested durmg left side tnals, the percentage of the total signal power in the 10-30
Hz frequency band was found to mcrease at a significantly (ANOVA, p < 0 05) greater rate for
the existing stick electrode weldmg process than a wire welding process the shipyard has
constdered adopting  Weld process was also found to have a substantial effect on weld fume
concentration, as stick welding was associated with greater (ANQVA, p = 0621) personal total



particulate concentrations

Ventilation method was found 10 have a significant effect on weld fume exposure, such that the
standard air horn was associated with lower total particulate concentrations (ANOVA, p =

0 0184) Inaddiion, projected mmmum TW As for personal particulate concentrations and area
elemental concentrations in many cases exceeded the estabhshed ACGTH TLVs, NIOSH RELs
and OSHA PELs for stick and wire processes, using both ventilation methods Thus, if 15
suggested that additional air sampling be conducted on the actual confined-space weldimg task
that this study modeled, so that alternative venitlation methods can be devised

In ¢onclusion, this siudy suggests that engineering interventions for confined-space welders
involving weld process and ventilation method changes should be considered carefully, because of
the potential sigmiticant mpact on work load, weld fume exposure, and weld performance
Owverall results indicate that a reduction of locahzed muscle fatigue and weld-fume generation m
thus specific operation may be realized by a change from the stick-electrode to the wire welding
process detarled However, results also suggest that this change may be associated with higher
subjective work loads Dnfferent model welding umits, consumables, and operationat set-ups may
also produce different fatigue states and fume generation rates Thus, 1t 18 suggested that
musculoskeletal injury rates and air quality measures be closely momitored before and after any
specific process change Since curtent ventilation methods appear to be madequate, 1t 18
suggested that addihonal awr sampling be conducted on the actual confined-space welding task
that thus study modeled Based on the results of this sampling, which wil] estimate actual welder
exposures, further ventilaton control research and alternative PPE options (e g , full-face ar-
punfying respirators, posiive-pressure supplied-air respirators) may be needed
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INTRODUCTION

Shipyard welders, especially those working 11 confined spaces, have not been adequately studied
as an occupational group 1n terms of ergononuc factors affecting worker safety and performance
Such workers typically weld in conditions that provide inadequare ventilation and that require
static muscular work and awkward postures Several studies have indicated that shipyard welders
have a lugh incidence of shoulder pain, and that muscle pain and fatigue are greatest when
welding 1s performed i overhead positions (Torner et al, 1991, Herberts et al , 1981, Herberts et
al, 1980) Other research has suggested that these symptoms are due principally to static loading
of specific shoulder muscles, such as the supraspinatus and the trapezius (Herberts et al , 1980,
Kadefors et al , 1976) These effects have also been found 1o be reduced by welder expenence,
welding process, and weld posihon (Kadefors et al , 1976, Svabova et al , 1989, CTD News,
1997) Specifically, fangue may differ for stick (stuelded metal arc welding, SMAW) and wire-fed
(flux core arc welding, FCAW) welding processes (CTD News, 1997) (sce Appendix 4 for a
detailed task analysis) This fatigue may be reduced in positions where the horizontal distance
from the welder’s face to the weld arc 18 munumized and the weld 1s performed m the flat position
while standing or sitting (Svabova, et af , 1989)

However, mvestigators have also suggested that posture affects exposure to weld fumes and that
the positions required to myumize exposure are the opposite of those required to reduce static
loading and fatigue Specifically, to reduce exposure, the horrzontal distance from a welder's face
to the weld arc should be maximized while the vertical distance above the arc should be rummuzed
{Farwer, 1982, Grosse-Wordemann and Stracke, 1982, Pomaska, 1982) Thus 15 due to the nature
of the weld plume, which nses and widens quickly Thus, 1t appears that welding ergonomics and
weldmg-fume exposure reduction require a comprommise m which a combination of static load
mimpuzation and fume extraction may offer a solution

Although a large body of evidence suggests that conditions such a3 stanc muscle loading and
tnadequate ventilation represent signuficant nisk factors for musculoskeletal and physiological
disorders 1n many occupations, few studies have mvestigated the link between these factors and
worker performance on specific tasks (INIOSH publication #97-14(, 1997} More importantly,
even fewer studies have imvestigated workload and performance as functions of design
interventions mtended to counteract such nisk factors for musculoskeletal and physiological
disorders and to increase productivity (Jarvhoim et al, 1991, Beauchamp et al, 1997) Thus, the
need for such research exsts to establish the effectiveness of engineering interventions such as
static load reduction and alternative ventilahon methods on the basis of not only reducing
musculoskeletal, physiological disorders, and weld-fume exposure, but also improving worker
performance

OBJECTIVE

The purpose of this siudy was to determine the possible effectiveness of engineering controlfs in
reducing the rate of musculoskeletal disorders and fume exposure while improving welding,



performance among ¢onfined-space welders at a large stupvard To accomplish these aims, this
study evaluated actual welding task pesformance, workload, and fume exposure under varying
conditions of ventilation, posture, and stanc muscle-loading that meght represent those conditions
enabled by design interventions and different welding processes By measunng the effects of
design interventions and welding, processes mn a contralled setting, the relattonship between
worker workload and performance and musculoskeletal risk factors/interventtons was then
quantitatively as well as qualitatively assessed Based on these findings, recommendations have
been made about engineenng controls, work practices, weld processes, and training devices
(mock-ups} that may make the job of welding in confined spaces at the participant shupyard and
other shipyards safer, less-tiring, and more productive

The specific hypothesis of thes study was that engineening control interventions and weld process
changes (ventilation control and a change from stick 1o wire weldmg) would result in a reduction
in physical workload as measured 1n terms of electromyography (EMG), heart rate, and

subjective questronnaires of perceved exertion and discomfori assessment Tt also was
hypothestzed that these changes would result 1 a reduction m weld fume exposure as measured 1n
terms of total particulate concentration Finally, it was hypothesized that these interventions
would also result in an improvement m weld performance, as measured by weld quality (rated by
an expert welder) and weld efficiency (defined as arc time/total weld time)

b ELER

METHODS AND MATERIALS
SUBJECTS T

A controlled companson study was conducted using 10 male, volunteer, 1st and 2nd class (AWS,
1987) welders performing wire and stick welding tasks under varying conditicns of ventilation in
a confined-space mock-up All subjects were employees of a large shupyard who were asked to
participate through word of mouth and sign up sheets (see attached Form #1, "Call for
Volunteers", in Appendix 1)} These individuals had acheeved certification for at least second class
welding (Amencan Welding Society, 1984) with the suck electrode (SMAW) process Bach
subject had expenience, but not necessarily certification, with the wire (FCAW) welding process
To be included 1n the study, each welder had to meet the following requirements (1) have at least
2nd class welding certification, (2) have expenence mn welding in confined spaces, (3) be free of
medical conditions that inhibit welding in confined spaces (such as musculoskeletal disorders,
heart conditions, etc ) and (4) have recerved full safety training for stick and wire-fed welding
operations These qualifications were determuned through subject questionnaires (see Form #2,
"Medical/ Eligibility Questionnaire”, and Form #3, "Symptom's Survey Checklist" (19) 12
Appendix 1)

All trals were conducted during the normal working stuft of the participant at the shipyard where
they were employed Paruicipants had been employed as welders a mean of 2% months (range =
25 - 56 months, sd = 17 months) The subjects were all nght-handed males, with a mean age
of 28 years (range = 19 to 36 years, s d = 6 years) and they worked a mean of 40 5 hours per



week (range =40 -45 54 =1 7) Welders were not excluded from participating based on race or
ethnic background Additional subject demographucs and anthropometric data are provided in
Table 1

STUDY DESIGN

A 2X2 factorial design with replicated repeat measures was used for this study In this design each
subject had two rephcates at each treatment A total of four weld conditions (two ventilation
methods by two weld processes), described n the table below, were tested Thus, there were four
treatments in ach rephcate The order of treatments presented to each subject was dejermined
arther by Latin Squares design (Cochran and Cox, 1957) - four 4 x 4 squares with two subjects
per square- or, for two of the subjects, by randomization in ¢ach of the replicates The Latin
square design was used in this case to mmimize the potential for a presentation order effect on
fatigue (see Appendix 2 for further design details and statistical analysis methods)
Electromyographic (EMG) data was collected for subjects I through 1X only and involved
specialized signal processing and statistical treatments, which are discussed in separate EMG
sectons In this report All other data were collected from subjects 1 through X However, the data
from subject VIII was omtted from statistrical analysis because the subject did not complete the
wire welding trials A total of 4 weld conditions [2 ventilatron by 2 static load (dictated by weld
process)], described in the table below, were tested Each condition lasted for approximately 10
minutes or less and was replicated, for a total of 8 tnals per subject, conducted successively In
addition, 10 munute breaks were taken between each testing condition to address possible fatipue
during the course of the study The total testing peniod lasted 4 hours or less for each subject and
2 subjects were tested each day from 4/12 to 4/16/9¢

Static Load (diwetated by weld process)
Ventilation Method Stick Weldmng Yire Welding
Air- Horn (normalj 1 (N3) 2 (NW)
Vet Tube 3 (V5) 4 (VW)

DESCRIPTION OF VARIABLES

Veantilation Method

Air Horn --

The “air horn” level of the ventilation method variable refers to the breathable air conditions
enabled in the confined space using the ventilation method currently employed at the participant
shipyard This control consisted of a blower-type air born that directed a combination of



compressed and ouiside fresh air inte the confined space (see lllustrations 1 &, b) This horn was
typically positioned at the bottom corner of the entrance to the confined space and 15 operated
from a 0 75 - 1 inch compressed air line with a line pressure of approximately 7 8 atm (115 pst)

Vent tube --

The “vent tube” level of the ventilation method vaniable refers to the breathable air conditions
enabled in the confined space wath the redesigned ventilation tubefvartex This control, which was
designed by NIOSH researchers, consisted of a vortex attached to a fresh air supply bose (2 inch
by 16 feet) and a mesh diffuser (see Illustranons 2a, b) This device was placed at the back inside
of the confined space and direcied a combination of compressed and outside fresh air through and
out of the confined space Informaton regarding the development of this device 15 provided 1n
Appendix 3

Static Load (Dictated by Weld Process)
Stick --

The “stick” level of the static load vanable refers to the static-loading condition of the welder's
arms that occurred from using the stick-welding (Shielded Metal Arc Welding) process over the
trial period (see Illustrations 3a, 4a) This condition did include the rest that was afforded by
normal task requirements including changing the weld sticks, body-posiiomng, sinking the arc,
and de-slaggmg (chipping away excess slag from weld with a small hammer) Techmical
information about the spectfic stick welding set-up employed n this study 1s provided n the
Methods section Additienal general information about stick and wire welding 1s provided in the
task analysis in Appendix 4

Wire --

The “wire” level of the static load vartable refers to the static-loading condstion of the welder's
arms that occurred from using the wire—welding (Flux Core Arc Welding or FCAW) process over
the trial period (see Ilustrations 3b, 4b) This condition did nclude the rest that was afforded by
normal task reqlirements including adyusting “stick-out,” body-positioning, tnggering the are,
and de-slagging (chipping away excess slag from weld with a small hammer) Technical
information about the specific wire welding set-up employed in this study 15 also provided m the
Methods section

GENERAL STUDY PROCEDURE AND DESIGN
Mock Up

The mock-up used n this study was constructed to match the actual dimensions (~2 ft by 2 ft by
16 ft) of a particular 1ype of hull assembly-honeycomb that requires inside-welding dunng its
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manufacture at the participant supyard (see Ilustrations 5a, 5b) The mock-up itself was set up
nside the welder trammg center on the grounds of the shipyard and included front and rear
sections that were desizned to be detached and moved The entire front sectton and the celling
and upper walls of the rear section of the honeycomb mockup were made of transparent acrylic
sheeting (Acrylite GP 7™ ) ta safely enable actual confined-space welding tasks to be wideotaped
from a mumber of views The floor and lower walls of the rear section were constructed of muld
steel with removable angle rons between walls and floor These angte 1rons were held in place by
Destaco ™ clamps for each trial and aluminuim tape was used to seal the gap between the
mock-up and the angle ron  All weldmg tasks involved placing two weld beads (~ 3 i n length)
into the corner of two 6 it angle wons that were placed into opemngs at the side bottom joints of
the rear section of the mock-up

Protocol

Each subject wore the full required personal protectrve equipment (PPE) necessary for stick
welding (Shielded Metal Arc Welding or SMAW) and wire-fed wekling (Flux Core Arc Welding
or FCAW) 1n a confined space This includes a weldwg helmet, insulated overails, gloves, UV
pratective face shield, and personal respirator (3M 6300 disposable welding mask} In addition, all
welding was conducted mn accordance with safe welding gmdelines as recommended by the
Amencan Welding Society (AWS, 1987) Each subject was asked to rest for one haur before
participating 1n the studv During this tume, vanous body dimensions of each subject were
measured and the subject's age and weight were determined by self~report (see Form # 5, "Subject
Body Iimensions/ Demographics,” 1n Appendix 1)

Each subject was asked to perform eight flat welding tasks (four ware-fed tasks and four
stick-welding tasks) m the mock-up which sunulated the confined space of a "hull assembly * For
each task, the subject was asked to crawl into the mock-up and first “weld” from the rear of the
mock-up t¢ the midpoint of the night-side angle wron {approximately 3 ft} At the moment the
subject entered the mock-up, air samphng pumps were engaged The “weld” task 1tself involved
placing a weld bead into a pre-formed corner 1n a detachable angle sron, and did not involve the
jomnmg of two separate work surfaces The subject was then mstructed to weld the left-side angle
ron 1int the same manner and then de-slag the weld bead on each stde Thus, the total weld
chstance for each task was approximately 6 ft, and typically this required a tatal weld time of eight
to ten rmnutes with six to seven munutes of thts period consisting of arc tume Subjects were also
instructed to use their domimant hand 10 guide the welding apparatus dunng each task and to weld
(under these constrawmnts) as they narmally wauld For most subjects, thus required that they utihze
a kneeling posture similar to the one depicted m Ilfustrattons 6a, b Once the task was completed,
the subyect was asked to crawl back out of the mock-up At this point, the air sampling pumps
were shut dowry, the subject’s heart rate pulse was determmed, and the subjective questionnaires
were adminisiered The subyect was then instructed to sit and rest for approximately ten nunutes
before the next tnial began The entire study of ewght trals, meluding the hour rest break before the
study, required four hours or less for each subject All tnials were conducted during the normal
working shift of the participants, who were paid their normal hourly wage by the shipyard



For the stick welding tials, mld steel stick electrodes were used (16 m, E7024, AWS Class,
Jetweld brand, AC operated at a current range of 350 to 430 amps) with Fiveco electrode holders
(Model A-38-HD) For the wire-fed welding trials, NR-706 G 78 inch wire (volts 26-28, WES
300-350, transverse angle 45 degrees, travel angle 10-20 deprees, 1 - 1 5 in¢h stick out) was
used with Lacaln Magrum wire weld guns Two 6 fi angle rons were required for each tnal To
conserve matenals, angle rons were re-used every other trial since each separate tnal involved
welding only half the distance of a particular angle iron To facibtate weld quality determination,
each angle iron end was coded using a grease pencil before the start of a particular tnal

Additional Experimental Considerations/Limitations

A certain number of experimental design ssues must alse be mentioned The first deals with the
1ssue of welder expenence with the wire-welding process At the time of this study, the participant
shipyard was m the mudst of a process changeover from stick to wire welding Although all of the
subjects were experienced 1n both stick and wire welding, most were not fully certified
wire-welders Thus, subjects may have been generally more experienced in stick welding than wire
welding The effects of such a difference cannot be directly quantified The second experimental
15sue deals with fume exposure levels during all trials imvolving the normal (blower-type)
ventilation method During these trials, a substantial amount of weld fume could not be prevented
from being forced out of the gaps surrounding the removable angle irons in the mock-up (see
Hlustrations © a, b) For this reason, fume exposure levels may have been artificially altered during
the tnals invohang the normal ventlatton method Finally, the welding tasks performed m this
study only closely approxamated actual welding This 1s because the welding tasks evaluated
durning thus study were destgned to allow for a penod of 6-7 minutes of arc time within an §-10
menute total weld pertod Also, the task itsetf involved placing a weld bead nto a pre-formed
corner 1n a detachable angle won, and did nat involve the joinmg of two work surfaces For these
reasons, the studied tasks may not accurately represent other confined-space welding tasks that
differ by work practice, technique, or method Thus, all conclusions from this study must consider
these specific expenimental 1ssues of welder expenence, ventilation, and task nature

DESCRIPTION OF MEASUREMENTS/STANDARDS
AND STATISTICAL METHODS

Three categones of measures were recorded for each candition, representing physical workload
{heart rate, electromyography or EMG, Discomfort Assessment Surveys, and Ratings of
Percerved Exertton), weld fume exposure (personal and area, elemental and total particulate), and
weld performance (weld quakty and weld efficiency) Each conditien for every subject was alse
videotaped to momitor the relationship between welder posture and welding fume exposure and to
avd 1 the assessment of weld performance and workload for each condiion  For non-EM(G data,
Analyses of Variance (ANOV As) were performed to determine sigmficant differences in measures
between expenmental conditions Data that could be considered to be ordinal 1n nature were also
analyzed using Friedman Cha Squares Pearsan Correlation Coefficients were also calculated
between all measures and between measures and the demograpluc/anthropometne data hsted in
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Table 1 to determune possible co-vanates Based on these resuits, additional ANOQVAs were
performed on selected measures to exanune the effects of correlated variables, such as height,
weight, weld class, bi-deltord breadth, buttock-knee length, and months on the job Of special
note, no correlation was found between age and any of the selected measures, and further
ANOVAS were not performed on this partrcular vanable Other statistical 1ssues and methods
specific to given measures are described below and are further discussed in Appendix 2, Once
again, EMG data was collected for subjects I through TX only and involved specialized signal
processing and statistical treatments, which are discussed 1n the following EMG section

Physical Workload

The physical workload for each weld task conditton was assessed by manual heart rate monstoring
of each subject dunng task performance, EMG measurements of selected muscle groups, and by
subjective workload questionnaires  These questtonnaires included the Borg Rating of Percerved
Exertion (RPE) scale and Bishop and Corlett's Discomfort Assessment Survey (DAS) (see Form
#6 and Form #7 i Appendix 1) (Borg, 1970, Cerlett et al, 1980) EM{ measurements have been
used by a number of studies as an indicator of muscie fatipue duning welding (Herberts ef al,
1930, Kadefors et al, 1976, Jarvholn et al, 1991, Beachamp et al, 1997), and Bishop and Corlett's
subjective scale has also been used as a general measure of muscle fatigue {Corlett et al, 1980)
Heart rate measures and the Barg scale have also been ysed by a mumber of studies to assess
phystological workload (Torner et al, 1991, Borg, 1970, Valente and Cluappenn, 199G)
Measures of workload for each task were also then compared to standard workload
recommendations based on physiological and psychophysical studies

Heart Rate

The subject’s resting heart rate (HR) or pulse was manually determuned generally during the first
hour of rest or at the end of the 10 minute rest period between the first and second inal The
subject's heart rate was then also manually determined smmediately after the subject had exited the
mock-up following each tnial Heart rates were then converted mta measures of “percent of
maximum aerobic capacity,” defined as (mean task HR- resting HRY/{maximum heart rate -
resting HR )} Astrand and Rodahl, 1977) Maximum heart rate was determined using the following
formula [214 - { 71 * subject's age n years)] (Cooper et al, 1975}

Electromyography (EMG)

Surface EMG was recorded from seven muscles on the welders” domunant hand (nght) side
These muscles were the upper trapezius, middle deltond, antenor deliond, latissimus dors, erector
spimae, extensor dimtorum commurus (digit/wrnst extensor), and flexor digitorum superficials
{dwgnt flexor} Disc electrodes were onented n parallel wath the fibers of these muscle groups as
per the electrode placement recommendations of Zipp (1982) and Perotto (1996) Mimmal
preparation of the skin attachment sites were needed wath the dry clectrode desigh  One subject
necessitated some shaving of the trapezius and shoulder region  The electrode configurations



were bipolar, with preamphification at the recording sie  The EMG signal was sampled at $92
Hz, notch filtered at 60 Hz, and stored digitally on a computer Tn post processmg, the data was
filtered digitally with a 6th order Butterworth bandpass filter (10-350 Hz)

In gach welding tnal, a 120-second window of data was extracted from the raw, filtered EMG
signal from the welding on each side of the honeycomb  This 2Z-minute window was shightly
shorter than most subjects’ welding times for a single side (which were typically about 2 - 3 min)
This 120-5 data set was partittoned nto five, 24-5 windows for which the following procedure
was performed  The percent of the tolal signal power spectra faling in the 10-30 Tz frequency
band was calculated by Fast Founer Transform (FFT) and peneration of 2 power speciral density
function for each 1-s imterval of data {spectogram) using Labview™ (National Instruments,
Austin, Texas} The area under each [-s spectogram firnction integrated between 10-30 Hz was
divided by the total area under the function integrated over 10-350 Hz These 24 percentage
values (1 per second, for 24 seconds) were averaged over each of the five, 24-s periods
Statistical analyses were performed on the senes of five average percentages of the total spectral
power i the 10-30 Hz frequency band (henceforth abbreviated as PP, ,,) This procedure 15
llustrated grapiucally in Figure A2Z-1 1n Appendix 2

The mterior of the honeycomb mock-up reached temperatures i excess of 84°F (29° C), with the
welders wearing protective long sleeve shiri(s), half-mask respirator, hard hat, and welding visor
Not surpnsmgly, heavy sweating occurred, resulting in several mstances of electrode detachment
from the welder Thus was believed to be unavordable in this enviconment  As a precaution for
data integrity, the electrode attachments were inspected visuaily hefore and after each tnal and
detachments were noted Electrode detachments were usually obvious from visual monitoring of
the signal in real-time  In trrals where an electrode detached, data for that particular muscle i
that tral were discarded

There were mitial concerns about the possibthty of interference m the myoelectrnic potentials from
the AC current source of the stick electrode welding process (SMAW) Potential interference
was tested by conducting a reabstic simulation of a welding trial without actual welding taking
place {no current) The myoelectric power 1n the signal recorded dunng this “test” tral was
compared to that 1o the regular “live” tnal in which actual welding took place Thus comparnison is
shown in Figure A2-2 in Appendix 2 The averaged power spectra from the two hive tnals show
no consistent paiterns of spectral interference from that of the test trial  This was interpreted as
evidence for no interference between the welding current and the recording site, pre-amplified
myopotentials

Ratings of Perceived Exertion (RPE)

Ratings of Perceived Exertion were determumned following each tnal using a Borg Rating of
Perceived Exertion (RPE) questionnaire (see Form #7 1n Appendix 1) After each weld tral, the
subject was asked using tins questionnaire to descnbe "how hard they felt that they were
working” dunng the last welding task and to circle the most appropnate phrase or number on the



scale The values on thus scale have been found to increase rather knearly with workload and have
been used as approximations for heart rates For instance, for muddle aged people under moderate
mtensity tasks, the RPE score multiphed by 10 has been found to correspond to measured rates
(Borg, 1970) Two separate statistical analyses were applied to the RPE scares For the first, the
RPE scores were considered to be continuous rather than discrete vanables and an analysis of
varniance {ANOVA) was then performed on these data (See Appendix 2), For the second, the
RPE scores were considered to be ordinal rather than continuous and data were analyzed using a
Friedman Chi Square (See Appendix 2)

Discomfort Assessment Survey (DAS)

A Discomfort Assessment Survey was grven to each subject follewmng each tral using a modified
Bishop and Corlett questionnawre (see Form #6 1n Appendix 1) From this questionnaire, three
DAS measures were developed DAS-General, DAS-Number, and DAS-Specific

The DAS-General measure represented the subject’s ‘overall discamfort level’ as determined by
the subject using a 7 point, 10 cm visual analog scale immediately following each weld trial
During the actual traals, the scale ranged from a score of “0” extremely uncomfortable to “6™ for
“extremely comiortable ” However, for the purpose of consistent analysis, this scale was
converted so that scores increased with discomfort In other words, the DAS-General scale used
for analysts ranges from a score of “0” for “extremely comfortable” to “6” for “extremely
uncomfortable” The DAS-Number measure represented the sum of body areas (out of a
potential 15 depected) that each subject listed as experiencing discomfort immediately following
each weld tnal or [E (body area listed as uncomfortable)] The DAS-Specific measure
represented the body areas listed as uncomfortabie multiphed by a discomfort severnty factor of 1-
3 and then summed, or [Z (body area listed as uncemfortable™ severity)}] Thus, the highest
potential DAS-Speaific score was 45 {discomiort seventy facior of 3 for each of the 15 body
areas possible}

To determine DAS-Number and DAS-Specific, the subject was first asked to specify those areas
of lus body that were most uncomfortable using the diagram on the questionnaire These areas
were colored red and were later coded wath a seventy rating of "3" The participant was then
asked to indicate those areas of hus body which were the next most uncomfortable These areas
were colored yellow and were later coded wath a seventy rating of "2"  Funally, the participant
was asked to mdicate any other areas that were uncomforiable These areas were colored green
and were later coded with & seventy rating of "1" Durning the DAS admunistration, the participant
was not required to list discomfort and was permitted to stop at any level If the participant did
not wish to hst discomfort at any pont (either becanse he did not teet discomfort or did not wish
to report 1t) , the survey was ended and unhsted body areas were given a seventy rating of "0"
As with the ratings of percerved exertion, iwe separate statistical analyses were applied ta the
discomfort survey data For the first, the discomfort assessment ratings were considered to be
continuous rather than discrete vanables and an analysis of vanance (ANOVA) was then
performed on these data (See Appendix 2) For the second, the RPE scores were considered to



be discrete rather than continuous and data were analyzed using a Friedman Chy Square {See
Appendix 2)

Weld-fume Exposure

The level of weld-fume exposure was determuned wsing personal air samplng (total particulate
concentration i mg/m*) and area sampling (total particulate in mg/m® and an ICP elemental scan,
n mg/m*} Levels of oxygen (Q,) were also momtored for select subjects using a direct-reading
insirument These measures are described further in the following sections

Personal Air Sampling

The method used to conduct total particulate personal samphng was NMAM-Method 0500,
Particulates Not Otherwise Regulated (NMAM, 1994), which 1s simtlar to the standard method
recommended by the Amenican Weld Scociety (AWS) to determine fume generation rate (g/mun)
{AWS F1 2 1999) However, results were reported as (mg/m’) umts to compare to recommended
time weighted averages for total weld fume established by the Amernican Conference of
Governmental Indusirial Hygiemsts (ACGIH, 1998} Specifically, total particulate samphng was
conducted using a PVC filter placed on the lapel of the welder's clothing that was attached to a
tube routed to a Grlran High Volume A Sampler operating at 10 I/mun (Modet # 801012, senal
fs 10409, 10410) (see Illustration 7) One personal filter was used for both replications of a
particular condition (e g stick with normal ventilation) and total samphing times were recorded
and summed for these conditions Field blank samples were also gathered In the event of a filter
failure during the first replication, a different filter was used for the second rephcation In the
event of pump falures, samphng time was reduced as determined to be appropnate Failed or
corrupied filters were excluded from further analysis Samples were then analyzed for total weight
by gravimetric analysis by an independent analytical laboratory (see Appendix 5 for additional
information) Raw Concentrations (mg/m’) for each condition were calculated by dividing the
total sample weight by the total volume sampled and by subiracting the nomnal concentrations
registered by the field blanks Statistical differences 1n welding fume measures between
expenimental conditions were then assessed using multi-factor ANOV As (see Appendix 2)
Finally, projected mimmum 8-hour tune-weighted averages (TWAs) were determined for each
condition by the following formula TWA = (weld fume concentration 1 mg/m? by time period n
which the concentration was measured)’480 mnutes (ACGTH, 1999} These measures
represented the miumum 8-hour TWAs because only the weld fume exposure during the testing
pertod (which averaged ~ 20 mnutes) was consedered These TWAs were then compared to
ACGIH TLV/TWAs, and OSHA PELs (ACGIH, 1998, NIOSH publication # 97-140, 1597)

Area Sampling
The method used to conduct total particulate area sampling was also similar to the standard

method recommended by the Amencan Weld Society {AWS) to deternune fume generation rate
(g/mun) (AWS F1 2 1999) In particular, total particulate sampling was conducted using PVC
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filters aperatg at sampling rate of 2 Viun using MSA Personal Sampling Pumps (Escort Model,
senal #s 2792, ZT72, 2805, 2833, 2778), which were calibrated using a SKC Ultrafio Calibrator
(Model #709, serial # 010693) These filters were placed at the midpoint of the rear section of the
meck-up, approxumately 3 mn from the side and “ceiling” of the mock-up Subjects I and IT were
sampled with separate personal filters for both rephcations of a particular condition (e g stick
with normal ventilation) and total samphng umes were recorded and suramed for these conditions
After day 1, area sampling was performed on a per day basis For instance, Subjects III and TV
were sampled wath the same four filters, one gach for all replications {a total of four) of a
particular condition Sampling times were then adjusted accordingly and field blank samples were
also gathered Differences in welding fume concentrations between condrtions were then
quabtatively assessed As i the case of personal samphing, in the event of a filter faillure durmg the
first replication, a different filter was used for the second replication In the event of pump
falures, sampling time was reduced as determined to be appropnate Faded or corrupted filters
were excluded from further analysis Samples were then analyzed for total weight by gravimetnic
analysis by an independent analytical laboratory (see Appendix 5 for addibonal mformation) Raw
Concentrations {mg/m?) for each condition were calculated by dividing the total sample weight by
the total volume sampled and by subtracting the nomunal concentrations registered by the field
blanks Finally, projected mimmam 8-hour time-weighted averages (TWAs) were determined for
each condition by the following formuta TWA = (weld fume concentration in mg/m’ by time
perod in which the concentranion was measured)/480 munutes) (ACGIH, 1999} Agam, these
measures represented the mimmum 8-hour TWAs because only the weld fume exposure during
the testing period (which ranged from 33-70 nunutes) was considered These TWAs were then
compared to ACGIH TLV/TWAs and OSHA PELs (ACGIH, 1998, NIOSH publication # 97-
140, 1997)

Metal fume constituents were determmed by NIOSH methad 7300 which utihizes an ICP
{lnductively Coupled Plasma) Elemental Scan and which 1s also recommended by the AWS for
this purpose (NMAM, 1994, ANSI/AWS F1 4-97) Specifically, area air sampling was conducted
on the first four subjecis onty, using MCE filters operating at sampling rate of 2 V/mun usmg A7S4
Personal Sampling Pumps (Escort Model, serial #s 2792, 2772, 2805, 2853, 2778), which were
cabbrated using a SKC Uliraflo Caltbrator (Model #709, senal # 010693) These filters were also
placed at the nudpoint of the rear section of the mock-up, approximately 3 in away from the side
and “ceiteng” of the mock-up Subject I and Subject 11 each were sampled using two filters, one
for each weld process (e g stick and wire} Samples for Subjects I11 and 1V were combined,
resulting 1n two filters, one for ¢ach weld process, for both subjects Sampling times were then
recorded accordimgly and field blank samples were also gathered As in the case of personal
sampling, 1 the event of a filter failure during the first rephtcation, a different filter was used for
the second rephcation Inthe event of pump failures, samphng time was reduced as determuned to
be appropriate Failed or corrupted filters were excluded from further analysis Samples were then
analyzed for elements usmg inductively coupled plasma emission (ICP) by an independent
analytical laboratory (see Appendix 5 for additional information) Raw Concentrations (mg/m’)
for each condition were calculated by dividing the total sample weight by the total volume
sampled and by subtracting the nomuinal concentrations regisiered by the field blanks Differences
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in welding fume composstion between wire and stick conditions were then gualitatively assessed
Finally, projected nummum 8-hour time-wetghted averages (TWAs) were dstermined for those
elements which were indicated by the ICP scan to be substantially present To do so, the
following formula was utihzed TWA = (weld fiime elemental concentration m mg/m’ by ime
penad in which the concentratnon was measured)/480 nunutes (ACGIH, 1999) These TWAs
were then compared to NIOSH RELs and OSHA PELs (NIOSH publication # 97-140)

Oxygen (Q,) levels and mock-up exterior surface temperatures were also momtored for selected
subjects using Brosystems PhD Ulira Gas Detectors (Model #5 G230102PC, 02301088NC, senal
#s 08993, 08986) and a Tegam Microprocessor Thermometer (Model #821, Senal # T-183721)
As depicted n Tllustrations 8 a, b, probes from the gas detectors were inserted at the rear of the
mock-up celling, while the thermometer wires were inserted inte the acrylic sheeting m the muddle
of the rear section of the mock-up

Weld Performance

Weld performance was assessed with two measures weld quality and weld efficiency To avowd
experimental bias, subjects were told that their performance wag being evaluated only for the
purpose of companng ventilation methods and weld processes

Weld Quality

Weld quality was determined by expert welders, who were certified as first class welders (AWS,
1987} and emploved as welder tramers at the participant shipyard, through a visual,
non-destructive exarmination of the actual weld bead produced dunng each trial Welds were rated
soon after they were completed, thus the experts knew which subjects had performed a piven
weld Since the weld bead was placed into a pre-formed corner i a detachable angle wron, the
standard measure of weld quality, which involves breaking the weld and determimung 1ts
cross-sectional charactenstics, was not possible Instead, the expert welder based their assessment
on a five point, equal interval category scale, ranging from “poor”™ 10 “excellent ™ This scale 15
simular to that used m a past welding study (Beauchamp et al, 1997) Twe experts were used, one
for the evaluation of the first two subjects and then another expert for the evaluation of all
subsequent subjects To account for possible rater differences, the first two subjects were not
mcluded m the stahistical analysis of the weld quabty daia As wath the ratings of percerved
exertion and discomfort surveys, two separate statistical analyses were apphed to the weld quahty
data Faor the first, the quality ratings were considered to be continuous rather than discrete
variables and an analysis of vanance (ANOVA) was then performed on these data {See Appendix
2) For the second, the RPE scores were considered 10 be ordinal rather than contimuous and data
were analyzed using & Friedman Chi Square (See Appendrx 2)

Weld Efficiency
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Weld efficiency was determuned through videotape analysis by a common industnial weld metne
defined as total arc tme/total weld time {(AWS, 1987) For this purpose, “arc time” was
operattonally defined to be any continuous time period {greater than | second m dyration) 1n
whnch the eleciric weld arc was present Conversely, a “break™ was operationally defined 1o be
any continuous time period {(greater than 1 second m duration) in which the electnic weld arc was
not present A general task analysis was also performed and measures related to weld efficiency,
inchuding number/duration of breaks and total weld time, were determened Statistical differences
n welding performance measures between expenmental conditions were then assessed using
multi-factor ANOV As (see Appendix 2 for further statistical details)

RESULTS

A summary of significant results 15 provided in Table 17 Note that estimated differences are
provided for statistically sigruficant results In general, these estimated differences will differ from
the actual difference between the means because the estimate statement averages by giving equal
weight to each combimation of process and interacting varables

PHYSICAL WORKLOAD

Heart Rate

Raw heart rate results are given in Table 2 and “Percent of Maximum Aeratmc Capacity” results
are given n Table 3 As indicated, mean heart rates ranged from 108-109 bpm, representing 30 18
- 30 98% of maximum aerobic capacity for all tasks across subjects Owerall, a sertes of ANOVAs
mdicated that the effects of process, veatlation method, and ventlation method by process on
heart rate measures (p = 7384, p = 7229, p= 3117) andf percent maximum aerobic capacity
measures (p = 8632, p= 8126, p= 3036) were not signuficant

EMG

Temporal shifts i the percent of the total EMG spectral power m the 10-30 Hz frequency band
(PP, ;) were measured by the slope of the hinear function regressing PP, 5, agamst time segment
Thes 24-s ime segments extracted from a two-minute welding trnial were numbered 110 5 An
estimate of the Lnear parameter (1 e the slope) relating PP, 4, to the segment number (1 10 5)
was cbtained by repressing PP, o0 the time segment number  Several measures of change from
the first 1o fifth segment were considered, however, the slope of the regression equation appeared
o be the most logical Since the segmemts are of equal length and there are no breaks berween
segments, the actual estimator of the slope (using orthogonal polynomuals) facilitates an estimate
of quadratic and cubic trends over the five segments However, only results using the linear
component are presented here  As the objective of the study was to exanune the welding
processes for endence of an increase 1n the fatigue measure over time, the estimate of a hnear
trend was believed to be adequate The slope estimates presented 1n Figure 5 are in umts of
fraction increase m PP, 5, per time umt, where the time umt 1s the length of time between the
rudpoints of the time segments, or 24 seconds The slope estimates (see Figures 11, a-d) are
presented far each of the seven muscles, separately by side (left or nght seam), by process (stick
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welding, wire welding), and by ventilathon device (prototype vent:lation device, conventional
ventilation dévice) averaged across subjects For some subjects fewer than five segments were
avatlzble Slope estimates were obtained when at least four segments of data were avaslable
Only eight subjects were used, since no EMG data were collected on Subject X, and Subject VIII
had httle expenence with wire welding Consequently Ins resulis have been excloded

Statistical models {Proc Mixed, SAS Institute, Cary, NC) were generated to evaluate the
differences m the slope in PP, ,, between lgvels of the ventilation device and weld process
vanables, with separate models for the data from the nght and left side For each side a model
was fit to the slope data, allowing for different means for subject, ventilation device, weld
process, and their mteractions For the left seam, the average slopes for stick welding compared
to wire welding are quite dhfferent for antenor deltoid and [atigsimus dorst than for the five other
muscles Therefore, these two muscles are treated separately from the five other muscles, for
which average results are shown n Figures 1la and 1lc The deswgn was regarded as a split-plot
design (Cochran and Cox, 1957), m which all measurements i the same trial (from the different
muscles) were correlated 1n the statistical models the subjects are treated as fined effects
Hence, the conclusions drawn from the models apply only to the tested welders, rather than to a
larger population  As an alternative approach, the subjects could have been treated as a random
sample {and any conclusions would have apphed to the larger population of welders), but this
kind of analysis 1s not presented here

in the bar graphs showing the best fit hnear slopes for the left stde EMG PPy, 5, shufts (Frigures
11a,¢), the confidence lumts are :dentical for all slopes, for all muscles, except for these twa
muscles For left side welding, with the exception of the antenor deltoid and latissimus dorsi, the
muscles’ EMG PPy, ,, values with the stick welding process have substantially larger slope values
than those with the wire welding process None of the muscles PP, 5, slopes were sigmficantly
different from zero with the wire welding process  All muscles but the antenior deltoid and
latissimus dorsi showed sigmificant posttive slopes in PP, o with the stick welding process, based
on two-sided 95% confidence intervals  The statistical significance varies with the terms included
(n the model The value grven here 13 from the model without the order effect within rephcate {as
specified by the Latin Squares), which 1= partly confounded with treatment effect, because of the
mussing values m the design and because for two of the subjects, the treatments were not
admimstered as a Latin Square By omuiting the order effect we attnibute differences that may be
partly due to order entirely to the study variables - process or ventitation This evaluation of
process and ventilation effects indicates that, for the average of the five selected muscles, the stick
slope exceeds that of the wire by about 0 01, a statistically sigruficant result ( F, ,,=8 35,
p=0007)

The estimated average for the stick welding process with these two muscles excluded 15 2 019,
which 1s sigmificantly greater than 0 (F,,, =25, p =0 0001) On average, for the five muscles
showing fatigue, PPy, 5, would be expected to increase by about 0 076 aver the remamming four
segments The venlilaton varables, both conventional and prototype, averaged over the five
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muscles, yield estimated slopes of 0 011 {for each ventilation setting, F, 5, > 6 7, p< 0014) The
difference between ventilation treatments 15 not statistically sigruficant

For the nght seam data, process compartsons associated with erector spinae differed from those
associated the other muscles Also, venhlation compansens for the antenor deltoid differed from
those for the other muscles Therefore, these two muscles were treated separately from the
others, for wiuch average results are shown m Figures 11b and 11d  The statisucal models
mdicated no differences by weld process or ventilation method on the nght :sde  However, the
slope estimates for both stick and wire for the five averaged muscles, both equal to 0 006, were
mdmvidually siguficant (F ;; =4 8, p<0 04) Also, {or the five averaged muscles, the estimated
slope for the prototype ventilation, 0 008, 1s a stattstically significant result (F, 5, =9 99, p<0 004)
Each of the statistrically sigmficant results indicates slopes that are different from © However,
estimated differences between stick and wire, and between conventional ventiiation and
prototype, tended to be smaller than that for the left seam

Since afl workers were right-handed, the differences between the results for the left side and those
for the right side are not surpnising  Welding the left side of the honeycomb required the nght-
handed welders to reach forward and across the body, with the upper arm suspended, creating a
greater maoment about the dominant side shoulder and the lower back In addition to the
biomechanical disadvantages of nght-handers welding on the left side, the left side weld was
always made after the nght side weld, in immediate succession, thus introducing the potential for
fatigue carry-over to influence the fatigue results for the left side  However, this potential for
carry-over fatipue was equivalent across all treatment conditions and separate models were
generated for the left and nght sides The consistent sequence of nght side followed by left side
weldmg adopted m the study favored the preservation of actual work sequence rather than a more
ngorous counterbalanced expenmenial design

Figure 12 illustrates why the stick process was associated wath a greater slope i PP, 5, increase
relatve to the wire process for the left ssde  Under both ventilation conditions the stick process
produced an average per ¢ent power of less than 18% 1n the first ume segment, but by the fifth
segment that value had increased to 22 5% Conversely, PP, ;, for the wire exhubited a much
smaller increase between the first and fifth time segments (The figure 1s based only on tnals with
all five segments of data )

Anthropametric characteristics (namely height, weight, bideltoid breadth, and chest
circumference) of the welders were hypothesized to have an effect on fatigue Since larger
welders are more confined n the honeycomb space it was hypothesized that they would suffer
greater localized muscle fatgue However, no sigmificant correlations between the
anthropometric vanables and slopes m the PP, ,, vs ime segment relationship were abserved
Regressing the slope of the PP, vs ime segment relationship aganst the anthropometne
measures yielded non-sigmificant regression relationships
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Ratings of Perceived Exertion (RPE)

RPE results are given in Tables 4, A2-1b, and Figure 1 As indicated, the mean score associated
with stick welding was 10 92 and the mean score associated with wire welding was 11 82 Both
of these scores corvespond 10 a “fawly hght” perceved exertion Based on an ANOVA this
process difference was found to be sigmficant (p = 0001}, with an estimated difference (stick -
wire) of -1 06 However, the effects of ventilation method and ventilation method by process on
RPE’s were not significant {p = 3458, p = 5064) 1n terms of an ANOVA Based on a Friedman
Chi Square Analysis, which considered the pawred differences of average ranks, the process
difference was also determuned to be sigruficant (p = 0351) (See Table A2-3 1n Appendix 2) In
addition, RPE's were found to be negatively correlated to the measures of mean subject weld
efficiency {r = -0 70} and mean resting heart rate { r = -0 70), and positively correlated to mean
subiect break twne {r = 0 76)

Discomfort Assessment Surveys (DAS)

The DAS-general results provided in Table 5 and Figure 2 indicate that stick welding was
associzted with a mean General Duscomfort Score (DAS-general) of 2 61 whereas ware welding
was associated with a mean General Discomfort Score of 2 97 Both of these DAS-General
scores charactenzed the welders’ “general state of comfort nght now™ dunng each process as
“average” Based on an ANOVA, this process difference was found 1o be significant (p = 0076),
with an estmated difference (stick - wire) of -0 37 However, the effects of ventilation method
and ventilation methad by process on DAS-general were not significant {p = 8338, p = 2423)
Based on a Fnedman Chy Square Analysis, which considered the differences of average ranks, the
process difference was determined to be not sigmticant {p = 3865) (See Table A2-3 m Appendix
2} The DAS-number (number of body areas affected) resulis are given 1n Table 6 and Figure 3,
and an ANOV A indicated that effects of process, ventilatton method and ventlation method *
process on thus measure were not signuficant (p = 2655, p= 9242, p= 9242) Also, the effect of
process on DAS-number was determuned to be not sigruficant tn terms of a Frnedman Chy Square
Amnalysis (p = 8838) (Sece Table A2-3 1n Appendix 2) The DAS-specific (Specific Discomfort
Score) resulis are provided in Table 7 and Figure 4 An ANOVA indicated that effects of process,
ventlation method, and ventifation method * process on DAS-specific also were not significant (p
= 1626, p= 8960, p = 6605) The effect of process on DAS-specific was determuned to be not
signuficant i terms of a Fnedman Ch Square Analysis (p = 6519) {See Table A2-3 1in Appendix
2)

In addition, the DAS-number (number of body areas affected) was found to be pogitively
correlated wath the subrect vanables of weld class {r =0 §2) and negatrvely correlated with
subjects’ months on the job {t =- 0 69) Based on an addmional ANOV A the effect of weld class
was found to be sigmificant (p = 0004), but the effect of subjects” months on the job was found to
be not significant (p = 8143) (see Table 2 in Appendix 2} DAS-specific (Specific Discomfort
Score) was also found 1o be positively correlated to the subject vanable of weld class (r = 085)
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and an additional ANOVA deternuned that this effect was significant (p = 0001) (see Table 2 n
Appendrx 2)

WELD-FUME EXPOSURE
FPersonal Sampling

Raw total particulate concentrations (mg/m”) for personal samples are provided in Table 8 and
Figure 5 Asindicated, the mean concentration was determmmed to be 211 25 mg/m? for stick
welding and 149 37 mg/m? for wire welding Based on an ANOQVA, this process difference was
found to be borderling signuficant {(p = 0621) with an estimated difference (stick - wire) of 45 44,
after removing the three way interaction term The mean concentration was determined to be

149 %0 mg/m* for the normal ventilauion method and 207 11 mg/m® for the prototype method An
ANOVA indicated that this ventilation difference was statistically significant (p = 0184) wath an
estimated difference (normal - prototype) of -39 98, alter remowing the three way interaction
term However, process by venblaiion method was found to be not sigmaficant (p= 7924y m
terms of total particulate concentration Fmally, projected mummom 8-hour time~weighted
averages (TWAs) are also provided in Table 8 As indicated in Table 8, these averages were
fourd to exceed the ACGIH TLV/TWA of 5 mg/m* for three of the four tested condriions
normal ventilation with stick welding (mean TWA 6 mg/m’), prototype venulatuon with stick
welding {mean TWA © mg/m’), and prototype ventilation with wire welding (mean TWA 5 57

mg/m™)
Area Sampling

Since area samples were conducted m a manner that was not consistent with the overall study
design, statistical analyses were not performed on the area samphng data

However, raw total particulate concentrations {mg/m?) for area samples are provided in Table 9
for qualitative informatienal purposes As indicated, the mean concentration was detertruned to be
456 29 mg/m’® for stick welding and 445 55 mg/m® for wire welding, and 372 96 mg/mg? for
normal ventilation versus 528 87 mg/mg® for the prototype ventilaton Projected mmmimum 8-hour
time-weighted averages {TWAs) are also provided 1n Table 9 As ndicated, these averages were
found to exceed the ACGIH TLV/TWA of 5 mg/m® for ail of the tested conditions normal
ventilahon with stick welding (Mean TWA 24 97 mg/m®), prototype ventilation with stick
welding (Mean TWA 25 80 mg/m*), prototype ventilation with stick welding (Mean TWA

35 50 mg/tn’), and prototype ventilation with wire welding (Mean TWA 24 71 mg/m’)

The results of the Elemental Scan {ICP) are provided m Tables 10 a, b for qualitative
informational purposes Raw elemental concentrations (mg/m”) based on area samples are
provided in Table 10a Qnly those clements that were found to be substantially present are
mdicated m these tables Specifically, for both stick and wire welding this included ron,
manganese, lead, and zin¢ for all subyects sampled In addition, stick welding was associated with
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substantial concentrations of copper for all subyects sempled, while wire welding was associated
with substantial concentrations of aluminum and beryllhum for all subjects sampled Finally,
projected mimmum 8-hour ime-weighted averages (TWAS) are prosaded sn Table 10h As
indicated, these averages were found to exceed both the specific NIOSH Recommended Exposure
Limyis (RELs) and OSHA Permissible Exposure Limits (PELs} in the case of stick welding for a
number of elements, inchuding copper (mean TWA 0 146 mg/m®), ron (mean TWA 10 864
mg/m’), and zine (mean TWA 14 279 mg/m’} and the specific NIOSH REL for manganese {mean
TWA 1944 mg/m*) Aswell, for wire welding, TWAs were found to exceed both the specific
NIOSH REL and OSHA PEL for zinc (mean TWA 0 502 mg/m*) and the NIQSH RELs for
manganese (mean TWA 2 847 mg/m®) and wont (mean TWA 8 642mg/m*)

The results of O, level momtoring for Subjects I, 11, and 1Y are provided in Table 10c Overall,
the mean O, level for all subjects sampled was 20 81% The lowest level O, that was registered
was 20 3%, while the highest was 21 1%

WELD PERFORMANCE
Weld Quality

Ratings of weld quality are provided m Table 11 and Figure 6 Asindicated, stick welding was
found to be associated with a mean weld quality of 4 23 whereas wire welding was determuned to
be associated with a mean qualiy of 3 36 Based on an ANOVA, this process difference was
found to be significant {(p = 0001), with an estimated d:fference (stick - wire) of 0 §0 However,
the effects of ventidation method and ventilatton method by process on weld quahty were not
sigmficant {p = 8714, p= 7462) Based on a Friedman Chi Square Analysis, which considered
the pawred differences of average ranks, the process difference was also determuned to be
sigmificant (p = 0336) (See Table A2-3 1n Appendix 2) In addition, mean weld quality was
determuned to be negatively correlated with subject vanables of height (r = -0 86), weight (r =-
) 77), bi-deltond breadth (r = -0 72), and buttock-knee length {r = -0 69) Based on an addittonal
ANQOVA, the effects of subject weight (p = 0001), subject bi-deltoid breadth {(p = 0185), and
subject buttock-knee length (p = 0240) were determuned to be sigmificant (see Table 2 1n
Appendix 2) However, the effect of subject height was determined to be not sigmficant

(p= 3789)

Weld Efficiency

Weld efficiency results are given in Table 12 and Figure 7 As indicated, wire welding was
associated with a mean efficiency of 76 69% whereas stick welding was associated with a mean
efficiency of 73 31% Based on an ANOVA, tlus process difference was found to be sigruficant (p
= 0335), with an estimated difference (stick - wire) of -2 14 However, the eftects of ventilation
method alone (p = 0621) and process by ventilation {p = 0713) on weld efficiency were found 10
be not significant, but quite close In addrtion, weld efficiency was found to be negatively
correlated with the measure of Ratings of Percerved Exertion (RPE), (r = - 0 70) Finally, weld
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efficiency was also deterruned to be negatively correlated to the subject vanable of buttock-knee
length (r = -0 68} and positrvely correlated 1o the subject vanable of menths on the job (r =0 70)
The results of an additronal ANOVA indicated that the effects of subject buttack-knee length (p =
0001} and subject months-on-the-jcb (p = 0001) were significant (sce Table 2 in Appendix 2)

As described previously, the weld efficiency measure was based on the ratio of total weld time,
which 15 grven in Table 13 and Figure 10, to Total Arc Time, which 1s provided in Table 14 As
mdicated, wire welding was associated with a mean total weld time of 401 seconds whereas stick
welding was associaled with a mean total weld time of 445 seconds Based on an ANOVA, this
process difference was found to be sigmficant (p = 0002), with an estimated difference (stick -
wire} of 39 93 Also as ndicated, wire welding was associated with 4 mean total are tume of 306
seconds whercas stick welding was associated with a mean total arc tune of 325 seconds Based
on an ANOVA, this process difference was also found to be significant (p = 0115}, with an
estimated difference {stick - wire) of 21 99

The number of breaks (including last de-slagging) was alse determined for each conditron, and
these are provided in Table 15 and Figure 8 Overall, stick welding was assoclated with 4 44
breaks while wire welding was associated with 6 03 breaks Again, based on an ANQOVA, thus
process difference was found to be sipmificant (p = 0001), wath an estimated difference (stick -
wire) of -1 70 However, the effects of ventilation method and ventilation method by process on
the “number of breaks” were not sigmificant (p = 8889, p= 5495) The mean break time
associated with each condition 1s given 1in Table 16 and Figure 9 As indicated, break times
averaged 26 63 seconds for stick welding and 15 61 seconds for wire welding, and based on an
ANOVA, this process difference was found to be sigmficant (p = 0001) wath an estimated
difference (stick - wire) of 10 14 Also as indicated, break times averaged 19 42 seconds for tasks
using normal veniilation and 22 94 seconds for tasks usmg the prototype ventilation method This
ventilation effect was also found to be sigtuficant (p = 0018) Finally, the effect of ventilation
method by process on the “mean break time” was not found to be significant {(p = 4743)

DISCUSSION

To discuss the results of this study, 1t 1s impoertant that the nature of the task self first be
understood For this reasomn, a detailed task analysts of both stick and wire welding 1s provided n
Appendrx 4 To reuterate, the specific hypotheses of this study were that weld process changes
(from stick to wire welding) and an alternate ventilation control would have the {ollowing effects

] Phys:cal workload would be reduced as measured 1n terms of electromyography (EMG),
heart rate, and subjective questonnaires of percerved exertion and discomfort assessment

2 Weld-fume exposure would be reduced as measured in terms of personal total particulate
concentration
3 Weld performance would be improved as measured by weld quality {rated by an expert

welder) and weld efficiency {defined as ar¢ time/total weld time)
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Although these measures were grouped 1nto similar categones for the sake of sumplicity, grouped
measures were not necessanly assumed to be correlated For this reason, each measure must be
considered singly, as well as 1n context of the larger category

PHYSICAL WORKLOAD

Thus study utilized three types of physical workload measures musculeskeletal (e g EMQG).
physiological (e g heart rate), and psychophysical (e g Discomfort Assessment Surveys, DAS
and Ratings of Percerved Exertion, RPE) However, these measures can be further differentiated
nto two main groups of correlated measures musculoskeletal-psychophysical and
cardiovascular-psychophysical This 1s due to the fact that Discomfort Assessment Surveys
{DAS) are typreally used to quantify subjective postural/bodily discomfort that may reflect
musculoskeletal stress, which in turn may be correlated to objective measures such as EMG
Furthermore, Ratings of Percelved Exertion (RPE) are characteristically used to quanufy
subjeciive aerobic demand which 15 often correlated to cardiovascular demand m terms of heart
rate For this particular study, this categonzation was only partially validated since mean heart
rate and RPE were found to be posttively correlated (r =0 68), but EMG spectral measures and
DAS (General, Number, Specific) outcomes were not

Process Effect

Results indicated that the choice of weld process had sigmificant effects on the physical werkload
associated with the task of confined-space welding Specifically, abjective speciral EMG measures
suggested that a reduction of localized muscle fatigue 1n this operation may be realized by a
change from the stick-electrode to the wire welding process That 1s, for most muscles during left
side trials, the percent power mn the 10-30 Hz frequency band was found to increase at a
signuificantly (ANOVA, p < 0 D5) greater rate for the exssting stick electrode welding process than
the wire welding process the shipyard has considered adopting On the other hand, wire welding
was found to be associated with significantly lugher (ANGVA, p = 0001, estimated difference =
1 06) subjective ratings of perceived exertion (RPE) and sigruficantly lugher (ANOVA, p = 0076,
estimated difference = 0 42) subjective “general discomfort levels” (DAS-gencral) (see Tables 4,
5, Figures 1,2) Although these subjective and objective workload assessments imitally appear to
be contradictory, this may not be the case for a number of reasons

Farst, the process difference for the musculoskeletal-psychophysical measure, DAS-General, was
only sigmficant in terms of an ANOVA and was determined to be non sigmficant (p = 3865)
based on a Fniedman Cht Square Analysis Once more, heart rate, “speciftc discomfort score”
{DAS-specific), and the “number of body areas affected” (DAS-number) were not significantly
affected by weld process Thus, stick welding may have been associated with only one iower
subjective measure, RPE, whtch as a cardiovascular-psychophysical measure was not expected to
necessarity correlate with the objective musculoskeletal measure, EMG

20




Secend, ail subjective measures are prone to certam response biases such as subject motivation
and willingness to complete the required questionnaire Thus may have been evidenced in terms of
the Discomfort Assessment Surveys which resulted 1n more than 50% zero counts for the
discomfort scores for each body area The lack of evidence for correlation between the DAS
scores and EMG faligue measures may have been a result of this insufficient spread i the
discomfort score data, since there was such a low percentage of nonzero scores

Third, subjective questionnaires for physical workload also 1end 1o be sensiave to the emonhona)
and mental demands involved in the completion of a task  Since welders were better expenenced
with the stick welding process, they may have had some apprehension about performing the
newer wire-welding process, espemally mn a confined space These “non-physical” demands can
often be marufested in actual physical measures (¢ g elevated heart rate, increased muscle tension)
but this 15 not necessanly the case Thus, the higher RPE’s and DAS-General scores for the wire
process may have reflecied a general attitude fowards the wire process that the objective EMG
measures did not This would potentially confound the finding that RPE's and DAS-General
scores (and thus physical workioad) were significantly lngher with wire welding

Fourth, the spectral EMG measures may have detected differences in muscle fatigue states
produced by the two processes that were below the perceptual threshold for the brief time interval
studhed When the static exertion times examnted 1 this study (2-3 mun of welding followed by a
15 mun break) are related to the classic endurance tune curves of Rohmert (1960}, an exertion
level of approximately 25%-35% of maximum voluntary contraction (MVC) 15 indicated This
means that an exerfion level of 25-35% MVC can he mamtained for 2-3 nunutes The static
exertions 1n the welding operation examuned in thes study were probably much lawer than 25%
MVC However, measurable changes m a muscle’s EMG and in the perception of regional
discomfort oceur well before the endurance tune s reached While the perceived regional
discomfort and fatigue appear to have been relatively low m this study, many electromyographtc
manifestations are of statistical significance - particularly with the stick welding process The
small proportien of non-zero discomfort reports mught suggest that the electrophysiologic
measures of EMG spectral shift are of hittle practical signuficance Conversely, these carly
electrophysiologic indicators may be viewed as precursors to locahzed moscle fatigue that would
be perceived 1n the form of regional musculoskeletal discomfort over longer periods of welding
Anecdotal evidence and informal reports of workers at this shipyard suggest that the latter 1s the
case This study was a realishic spatial rephcation of the welding job insofar as the mock-up was
of identical dimensions to the actual work space However, the femporal charactenstics
{work/rest} of the job could not be stmulated reahstically It 1s possible that the small, yet
statistically significant difference between the two welding processes would increase over longer
{more realistic) periods of welding

Despite the relatrvely hugh percentage of zero discomfort ratings, both the stick and wire welding
processes were assoclated with an average general discomfort rating (DAS-general) that exceeded
2 6 Hence, both of these scores correspond to a subjective response in which subjects largely
rated therr “general staie of comfort npght now™ as “average” 1o “comfortable ” The antenor
deltord and lanssimus dorst, showed little differences in fatigue between the weld processes on
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either side, though there were somewhat different fatigue patterns between the nght and left sides
Conversely, the muddle deltord showed a dramatic reduction 1n fatigue wath the wire welding
process (relative to the stick process) on the left side and no difference on the rnight side The
difference sn response between the antenor and middle deltond 1s somewhat perplexing given that
the welding appeared to involve both abduction (humeral elevation) and flexion of the shoulder

As indicated 1n the task analysis provided in Appendix 4, stick and wire welding (welding
processes) may mvolve different levels of static shoulder loading On one hand, wire welding may
nvolve less static muscle-loading due ta the fact that the wire gun 1s lighter, less-awkward, and
that wire welding requires small gun manipulations for proper welds In fact, the hypothesis that a
change from stick to wire welding would reduce physical workload was based largely on these
considerations Indeed, the wire-weld gun used in this study weighed 8 Tbs (3 6 kg) compared to
the stick/electrode holder, which weighed 10 1bs (4 5 kg) However, one case study performed at
a targe Umted States shipyard suggested that the wire process may actually involve a greater level
of static [oading In this case, there was a 45% mncrease wn the ergonomics iyury rate durning the
first ten months after the yard changed a large portion of their welding processes from stick to
wire (CTD News 1387) Thus may have been due to the fact that although the wire pracess
reduced the magnitude of static shoulder loadimg, 1t also increased the frequency of thus loading
since welders were less likely to take sufficient rest breaks Such rest breaks are “built in” to the
task of stick welding and some studies have suggested that these breaks sigmficantly reduce the
amount of muscle fatigue 1 other tasks and occupations (Sundelin and Hapberg, 1989, Zwahlen
and Adams, 1987} This process difference in break trme was also indicated by the present study
as stick welding was found to be assoctated with sigmficantly longer breaks (p = 0001) (see
Figure 8) than wire welding Thus, the continuous nature of wire welding could posstbly increase
the static musculoskeletal loading duration and also increase physiological demand These effects
could offset any musculoskeletal advantage that 1s afforded by the kghter weight of the wire
welding gun Hence, although this present study suggests that a reduction of localized muscle
fatigue in thus operation may be realized by a change from the stick-electrode to the wire welding
process, this should be momtored closely to track potential increased mjury rates associated with
the change

Ventilation Effect

The effect of ventilatton on physical werkload was not determined to be sigificant in terms of
any of the non-EMG workload measures employed in this study (DAS-general, DAS-specific,
DAS-number, Heart rate, or RPE} However, EMG data (for the left side) did indicate that even
thouph the the vennlation effect was not stalishically sigmificant at the 3% level, the prototype did
produce estimates for both left and nght sides that were statistically distinguishable from 0

(F, 5> 67, p <0014 for the five muscles averaged on the left side and F, ;, =9 99, p<0 004, for
the five muscles averaged on the night side) The effect of ventilation on workload was
hypothesized because ventilation, 1f greatly maproved, could possibly reduce physical workload
especially as measured by cardiovascular-psychophysical terms (heart rate and RPE), which are
known to reflect respiration rates and oxygen uptake (Astrand and Rodahi, 1986) On the other
band, a change n workload in terms of musculoskeletal-pyschophysical measures (EMG and
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DAS) was not necessarily expected However, such a mosculoskeletal effect could have resulted
if ang of the ventilation methods was physically obtrusive and interfered with the confined-space
welding task Thus certainly was a possibility in the case of the prototype ventilation tube which
was placed directly in the immediate working space of the welder, as opposed to the pormal
vemtlation tube which was placed at the entrance to the confined space In fact, several of the
subjects complamed of this very fact and expressed their displeasure with the prototype
venhlation tube The prototype method was also associated with borderline significantly longer
total weld tumes ( p= 0727) which may have mcreased static loading 1 the muscles studied
Thus, the EMG measures appeared to be sensitive to this negative side effect of the prototype
ventilation method

Additional Effects

In addition to the mam effects of ventilation and weld process, a possible effect of welder
expernence on physical workload was also indicated by the results Specifically, weld class was
found te have a sigmficant effect on both the number of body areas (DAS-number) (p= 0125)
and specific discomfort assessment score (DAS-specific) (p = 0001) (see Table 2 in Appendix 2)
These findings may indicate a “work-hardening” situation 1n which mexpenenced welders tend to
report more bodily discomfort of a greater magmtude more frequently than expenenced welders
Indeed, past studies have indicated that welder experience has been determined to affect the
exient of shoulder muscle fatigue encountered by welders For instance, Kadefors et al 1976,
found that “localized muscle fatigue was common i prolonged overhead work n an
inexpericnced group, whereas expenenced welders showed signs of fatigue in the supraspinatus
musele only ” This may be due to the effects of adaptatton due to specific or general traimng and
skill Thus 15 because “expenenced welders” are typically not allowed to do overhead work untr!
they become certified as 1st Class welders, and thus they do not have specific experience in this
task However, general experience may also play a role since “learming a task calling for fine
motor capability (such as welding) involves economy of muscle exertion by relaxatton of
antagonistic muscles with respect to the prime movers active i a voluntary movement”
(Kadefors, et al, 1976) This nohon 1s supported by a much more recent study that determned
that subjects could “reduce EMG activity voluntanly by 22-47% m the trapezius muscle while
keeping different static postures™ by using biofeedback techmiques (Palmerud et al 1995) Since
the task performed in the present study closely approxamated a flat weld fask, both 1st and 2nd
¢lass welders should have had comparable specific expenence in this task Hence, 1t 15 more likely
that any potential difference 1n physical workload due to welder expenience 1n this study was the
tesult of general work adaptation

General Physical Workload Considerations

Tn addiion t¢ measunng the effect of weld process and ventilation method on physical workload,
the gverall physical effects of confined-space welding were able to be qualitatively described by
this study In general, results indicate that thus task 1s low to moderate 1n terms of cardiavaseylar
demand and moderate to high in terms of musculoskeletal demand




Cardiovascular Demand

The cardiovascular demand associated with confined-space welding has not been adequately
determuned The results of one past study on general welders utiizing measures of heart rate,
blood pressure, oral temperature and perspiration rate indicated that thus demand was not usually
excessive, but ncreased with the temperature of the working environment {Valente and
Chiappenny, 1990) Likewse, the outcome of another study utihzing heart rate, resprratory rate,
and skin temperature suggested that general welding tasks can require moderate to high
cardiovascular output, depending on work factors that increase psychological stress, such as
isolation, safety concerns, and repetitiveness (Richter, 1990) Thus, the current hterature suggests
that the cardiovascular demand associated with welding may vary depending on the specific
nature of the welding task, and that a factor such as confinement may mcrease this demand

The cardrovascular demand for the present study was determined by the cardiovascular-
psychophysical measures of heart rate and RPE Overall, stick welding was associated with an
averape RPE of 10 92 while wire welding was associated with an average RPE of 11 82 Both of
these scores correspond to a verbal response i which the “work performed dunng the last
welding task” was charactenzed as “farrly ight” (see Form #7 in Appendix 1) RPE scores have
also been used as approximations for heart rate for middle aged people under moderate intensity
tasks such that the RPE score multiphed by 10 has been found to correspond to measured rates
(Borg, 1970) For thus study, this approxumation was largely validated since stick welding was
associated with an average heart rate of 109 beats per munute (bpm) while wire welding was
assocated with an average heart rate of 108 bpm As mentioned, RPE scores were also found to
be positively correlated to measured heart rates (r = 0 70) on the basis of individual subject
Measurements

Cardiovascutar demand was also assessed by converting subject heart rates inio measures of
“percent of maximum aerobic capacuty 7 As mentioned, heart rates were determuned by an
alternate manual procedure that did not allow the sutyect's heart rate to be momtored dunng the
actual welding task Therefore, the results may largely reflect the workicad assocated with
chmbing out of the confined space mock-up Nonetheless, 1t 1s not expected that heart rates
during the actual welding tasks were appreciably different from the measured heart rates The
“percent of masxurmum aerobic capacity” parameter, developed by Astrand and Rodahl (1977), and
defined to be (mean task HR- resting HR)/(maximum HR - resting HR), approxumates the percent
of maximum aerobic capacity or VO, Max required for a task This percentage 1s used to
determune the extent of physiological fangue that can be expecied from the performance of a
particular tagk and can be ¢ompared to a standard gwdeline, such as the MIOSH hfting equation
The 1991 N1OSH lifiing equation commuttee recommended the following limits for aerobic
demands posed by different durations of repetitive hifting tasks (1) Repetitive lifting tasks lasting
ong hour or less should net require workers to exceed 50% of thew maximum aercbic capacity
value, (2) repetitive lifting tasks lasting 1 to 2 hours should not require workers to exceed 40% of
therr maxamum agrobe capacity, and (3) repetitive hfting tasks lasting 2 hours to 8 hours should
not require workers to exceed 33% of their aerobic capacity (NIOSH publication #94-110, 1994)
Overall, in the present study, stick welding was asseciated with an average of 30 89% of subjecis'
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capacities while wire welding was associated with an average of 30 26% of subjects' capacities
(see Table 3) Thus, both confined-space welding tasks appear to represent low to moderate
physiologically demanding tasks and should be able to be performed repetitively over an eight
hour shift wathout fatigue

These results may be understood if one considers the nature of the confined-space welding task
To summarnize the task analysis provided in Appendix 4, confined space welding 15 largely a static
rather than dynamc activity Ar¢ time typically represents 40-70%¢ of the total tume spent in the
task of confined-space welding Other tasks, such as posiiomng the weld cables and de-slagging
(chipping), which are more dynarmc n nature, are petformed less frequently and still do not
mvolve a great deal of whole body movement Mowever, as stated, the tasks that were studied
were approximations of confined-space welding 1asks and actual tasks may differ in terms of
cardiovascular demand The approximated tasks had arc tumes 1n excess of 70% and were
probably more static in nature than the actual honeycomb welding tasks modeled As indicated by
the aforementioned studies, other important factors te congider are the effects of other
environmental stressors such as temperature and humidity The average lugh ambient temperature
for the week mn which these trials were conducted was 2 comfortable 67 degrees F (19 4 degrees
(), and a number of subjects remarked that the confined space work becomes much more
demanding as temperatures increase Thus, 1t 15 suggested that the effect of heat stress on the
cardiovascular demand of confined-space weldmg be further mnvestigated

Musculoskeletal Demand

There are very few ergonosmc studhes that have been conducted on confined-space welders in
shipyards or any other imndustry However, studies have indicated that general shipyard welders
have a high mcidence of shoulder pain and chimical signs of musculoskeletal disorders of the upper
extremuty (Tomer et al 1991, Herberts et al 1980, Herberts et al 1981) Other research has
suggcsted that these symptoms are due principally to locahzed static loading of specific shoulder
muscles, such as the supraspinatus and the trapezius, rather than the dynamuc physiological
requirements of welding work {Herberts et al 1980, Kadefors et al 1976) This may be indicated
by findimgs that the nature of the typical welding musculoskeletal disorder 1s different from the
nature of those found 1 other occupatons that involve predonunantly heavy dynamic work For
nstance, “atrophied shoulder muscles (are} more common among welders than among fisherman,
whereas creprtations in the shoulder (tend) 1o be more common among fishermen” (Torner, et al
1991) Even so, shoulder problems and pam are much more prevalent in welders than other
occupations, such as ¢lerks and typists, which do involve a large amount of static work (Torner et
al 1991) Thus, the current Lterature suggests that the princeple musculoskeletal demand
assoctated with general welding may be due to an extreme case of static shoulder muscle loading
However, until now, this musculoskeletal demand has not been assessed for the specific case of
confined-space welding

For the purpose of this study, musculoskeletal demand for confined-space welding was
determined by the musculoskeletal-psychophysical measures of EMG and DAS In general, stick
welding was found to be associated with an average “generat discomfort rating” (DAS-generaf) of

25



2 61 while wire welding was associated with an average “general discomfort rating”
(DAS-general) of 2 97 (see Table 5) Both of these scores correspond to a verbal response
which subjects largely rated their “peneral state of comfort night now™ as “average ” Thus, 1t
appears from an overall self-report that the musculoskeleral demand assoctated with
confined-space welding may be considered to be moderate m extent The nature of this demand
can be further revealed through the results of the “Specific discomfort scores” (DAS-specific)
given tn Tables 6 and 7 and Figures 3 and 4 QOvergll, these indicate that the lower back was the
body area most frequently reporied as experiencing some degree of discomfort, followed by the
koees, shoulders, and lower legs (sce Figure 3) However, when these reports are wetghted for
the severity of discomfort expenenced, knees score the lighest followed by the lower back,
shoulders, upper and lower arms (see¢ Figure 4) Thus, these results suggest that the principal
musculoskeletal demands associated with confined space welding mvolve the low back and knees
n addition to the shoulders This can be explamed by considenng the constraned
working-posture of the welder As mentioned, each subject crawled into the approximately 2ft by
2ft by 16ft confined-space and typically assumed a kneeling posture, such as that depicted n
Ilustrations 6 a,b Depending on the anthropometry of the welder, this posture involved extreme
flexion of the low back and abduction of the shoulder that bears the welding apparatus This type
of constramned posture may mduce a large degree of contact stress in the knee area and
static/awkward loachng of the low back and shoulders which may result in a moderate to high
musculoskeletal task demand

The results of the EMG spectral measures collected dunng thus study also help to further define
the nature of the musculoskeletal demand associated with confined-space welding Chaffin (1973)
defined four states of muscle fatigue for which he related percerved muscle symptoms to
measurable power spectral density compression  State I fatigue, descnibed subjectively as the
“reahization of ‘tightness’ or ‘shight cramping’,” corresponds to 2 19% increase m the percentage
of signal power m the 4-30 Hz frequency band over 1ts baseline (pre-task) value Liitle
myoelectne power was observed below 10 Hz in the present study, so the difference between the
frequency range reported by Chaffin (1973) and that used in the present study 1s probably
neghigible PP, ., averaged acrass all muscles in this study averaged 17 5% and 22 8% for the
stick and wire processes respectively i the first 24-s samphng window The values in the fifth
samphing window averaged 22 3% and 23%, corresponding to a 27% and 1% increase from the

imitial basehne values for the stick and wire welding processes, respectively

Figure 13 shows the percentage increases i PP, In successive averaging pernods over 1ts
baseline value for borh welding processes and a companson of these relative increases with
Chatfin’s (1973) fatigue states The figure shows that the stick welding process was associated
with average EMG power spectral density shifts that should correspond to perceivable localized
sensations associated with State T and even mnto the low end of State 1L (**cramping’ continuous
with deep ‘hot” pain intermuitent™) fatigue Conversely, the wire welding process was associated
with relative power spectral density shufts consistent with levels below the state in whach
percervable fahigue 1s realized based on Chaffin’s fatigue state framework However, the
application of Chattin’s fahgue state, power spectral density shuft values must be undertaken wath
caution as they are based on fatigue patterns and spectral compression charactenstics of the
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biceps muscle Other muscle groups may have dissumilar fatigue patterns owing to different fiber
type compositions and their corresponding fatiguabilities (Komt and Tesch, 1979) It 1s also
unclear how sensations of “tightness” or “shight cramping” would be mamfested in the discomfart
assessment survey scaling applied 1n ths study, even if such symptoms did exist

WELD FUME EXPOSURE

Process Effect

Although the results mdicated that the process effect on tatal particulate concentration was not
sigmficant {p = 0621), stick weldimg produced a quahtatively preater mean personal total
particulate concentration than wire welding (see Table 8, Figure 5) Assuming that fume leakage
during norma! ventilation trials remained constznt across canditions utihang the different
processes, these results shouid not be confounded by this 1ssue  Thus, the hypothess that a
process change from stick to wire welding would result in reduced weld fume exposure 1s
regected However, it 18 important to consider that fume generation rates depend on a number of
factors including current and electrode type (Welding Institute of Canada, 1994) Thus, ths
finding may apply to only the specific operational set-up for welding described in the Methods
Section

Ventilation Effect

Due to the 13sue of fume leakage dunng normal ventilation tnals, comparisons between ventilation
methods are problematic Although results indicate that the prototypical ventilation method was
associated with a significantly greater mean personal total parbiculate concentration (p = 0282)
(see Table 8, Figure 5), these findings may be skewed Specifically, leakage during only the
normal ventilation condrtions may have caused the mean personal total particulate concentration
for these condificns to be artificially lower than they normally would have been Thys, the
difference between the two ventilation methods may not have been sipmificant Nonetheless, even
if the effect of fume loss 15 considered, the hypothesis that the new prototype ventilation method
would reduce weld fume exposure m terms of personal total particulate concentration must be
rejected

This hypothesis was based on the research described in Appendix 3 There are several possible
explanations for the poor performance of the prototype ventilation method The first 18 that the
testing of this device was based on 2 situation that only approximated weld fume productionina
confined-space Specifically, vanous ventilation methods were evaluated for their efficiency in
qualitatively remowving a set volume of artificial smoke (as a weld fume substitute) from the
“breathing zone” of welder mannequin positioned within the confined-space mock-up Such a
situation differed from actual confined-space weld fume production it a number ways One such
difference was the fact that the “fume” was not being continuously produced Another difference
was that the “fume” removed under lab conditions was relatively static and was not propelled by a
thermal updraft During actual welding in the confined space of the mock-up the fume plume rose
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to the top restriction and vertical movement of the plume was changed into a honzontal
movement away from the center of the plume This horizontal movement at the top of the plume
combined with the horizontal movement of air provided by the new ventilation device at the base
of the plume and set up a re-circulating air masg around the weld

Another possible explanation for the poor performance of the prototype 1s that the prototype was
tested using a 1 mch compressed awr line that generated approximately 7 8 atm (115 ps1) This
compressed air setting was used because 1t was thought to be sumilar to the pressure setbings using
during the actual confined space work at the participant stupyard Under these conditions the vent
device achieved a flow rate of 2832-3115 lpm (100-110 CFM) However, during the actual trals
the compressed air line that was typucally used for confined space ventilanon was unavailable
Instead, both ventilation devices were operated using a 0 75 wn ¢ompressed air hne from the
welding traiung facility of the participant sbupyard Under these conditions, the prototype
achieved a flow rate of only 2266 lpm (80 CFM)

Overall Exposure Considerations

Due to linmtations such as those descnbed in the previous paragraph, this study was designed to
only closely approximate the actual worlung conditions of a specific confined-space welding task
Thus, extrapolations to other actual confined-space welding situations and extrapolations to
exposures over elght-hour workdays should be made with cauton These hmutations
notwithstanding, results indicated that weld fume exposures may be excessive duning the modeled
confined-space stick and wire welding tasks using either the normal ventilation method (blower-
type horn) or the prototype method (fresh air duffuser) Although the absolute values of mean
personal total particulate concentrations for weld fumes were not hypothesized for this particular
study, it should be noted that the mean projected mummum 8-hour TWAS exceeded the ACGIH
B-hour TLV/TWA of 5 mg/m® (see Table 8) for three of the four conditions tested As well, the
results of the elemental analysis indicated that exposures exceeded a number of specific NIOSH
RELs and OSHA PELs for both the stick and wire welding processes (see Table 10b) However,
it was deterrined that the mean oxygen (O,) level for all subjects sampled was 20 81%, while the
lowest level O, that was registered was 20 3% This mdicates that the oxygen supply within the
confined-space was adequate given that the normal concentration of oxygen in ambient air at sea
levelis 21 1% and that 19 5% 15 typically used as a low threshold (Beard, 1980)

Although personal particulate samples for gach condition were taken over an average penod of
approsamately 20 minutes (2 weldimg tasks) and samphng times ranged {rom 33 to 70 minutes for
area elemental scans, some extrapolation to an 8-hour workday was possible Projected minimum
TW As for mean personal total particulate concentrations and mean area elemental concentrations
were determuned by assuming that there was no weld fume exposure for the rest of the workday
for the study participants Likewise, the raw elemental concentrations for copper, iron, and zinc
all exceeded the speaific NIOSH RELs for these clements Since shipyard welders often work n
confined-spaces throughout the day, it s hkely that actual 8-hour TWAs for particulate exposure
arc gher However, even if the overall 8-hour TWAs were not exceeded 1n thus case, it s
recommended by the ACGIH (Amernican Conference of Governmental Industrial Hygiensts) that
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short-term excursions m worker levels should not exceed 5 times the TLV/TWA (ACGIH, 1999}
Before considenng PPE protection factors, the raw personal particulate sampling results for this
study exceeded the ACGIH TUV/TWA by more than fivefold However, protection factors must
be considered and a maximum use concentration for a particular respirator can be estimated by
multplying its protection factor by the short term exposure limit for a particular fumne constituent
or the overall weld fume ¢oncentration Since most welders in confined spaces at the participant
shipyard wore half-face arr panfying respirators {APR) that are assigned a protection factor (PF)
of 10, and the ACGIH short term exposure himit can be estimated to be three times the TWA (1¢
3 x 5 mg/m* = |5 mg/m”), the maximum use concentration for tlus type of respirator wiile
welding 15 150 mg/m*® Thus, 1f additional air sampling mdicates that this level 1s exceeded, 1t 15
recommended that alternative PPE options, such as a full-face APR’s (PF = 50) or positive
pressure supphed air respirators (SAR) (PF = 2000 -10000), be considered Thus, 1t 15 haghly
recommended that additional air samphng be conducted on the actual confined-space welding task
that thus study modeled This will help to determune the actual exposures associated with the task
and to aid in the selection of respiratory protection and development of other ventilation methods

WELD PERFORMANCE

As mentioned, the welding tasks performed in this study only closely approximated actual
welding Thus, measures of performance on these tasks may not reflect the actual weld
performance cutcomes to be expected from a weld-process or ventilation change With these
limtations 1 nund, this study emploved two distinct categones of weld performance measures
weld quality and weld effictency In peneral, weld quality can be viewed as a type of “accuracy”
variable whereas weld efficiency can be considered a “speed” vanable Such speed and accuracy
varizbles are often inversely related 1n that accuracy decreases with increasing speed

Process Effect

Analyses of vanance (ANOV As) indicete that stick welding was associated with significantly
greater weld guality (p = 0001, esumated difference = 0 80) but that wire welding was associated
with significantly higher weld efficiency (p = 0335, estimated difference = 2 19) Aithough these
results may seem contradictory, agamn these performance measures are not necessanly correlated
The hypothesis that a change from stick to wire welding would result in improved weld
performance was made for two mam reasons Farst of all, it was thought that the awkwardness
and weight of the stick apparatus might impede task performance, especially m a confined space
Secondly, wire welding involves a continucus feed system that theoretically reduces the delay
mvolved with welding Thus, it was expected that both weld quality and weld efficiency, even if
these outcomes are not necessanly correlated, would be increased when the wire weld process
was employed Although this was not the case, the finding that stick welding was associated with
greater weld quality may be due in part to the possibehity that welders were more expenenced wrth
this process than wire welding However, 1t may also be due to some aspect of the sick welding
process, unrelated to weight and size, that enables a weld that 13 better 1n terms of visual-
determuned quality
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On the other hand, as menttoned, an analysis of variance {ANOVA) also indicated that wire
welding was associated with sigmiicantly hugher weld effimency This can be understood by
considening the findings that although stick welding mvolved a fewer number of breaks (1 second
or greater) (p = 0001) (see Table 15, Figure 8), these breaks were sigmficantly longer (p = 0001)
(see Table 16, Figure 9} than those associated with wire welding In addition, stick welding was
associated with a sigmficantly longer total weld time than wire welding (p = 0001), averaging
445 seconds (7 24) for the task versus 401 seconds (6 42) for wire welding (see Table 13 and
Figure 10} Once more, there are two principle reasons for this increased break hme and total
weld time with stick welding, The first 1s that a greater amount of de-slagging was performed
during welding breaks for the stick process The sub-task of de-slagging, which conststs of using a
small hammer to chip off the covenng or slap of the weld bead, 1s mtegral to any welding task and
must be considered when assessing measures of weld performance Thus, the ume to de-slag was
not distingaished from arc-time in caleunlating total weld time, even though the majonty of this
de-slagging occurred after the arc-time portion of the welding task had been completed The
second reason for the increased total weld tume with stick welding was that this process was also
associated with a sigmficantly longer arc time than wire weldmg (p= 0115), averaging 325
seconds (5 25) for the task versus 305 seconds (5 03) for wire welding (see Table 14) Thus, 1t
appears that wire welding may be a fundamentally more efficient process than stick welding
terms of bath sub-tasks (de~slagging) and primary tasks {arc-time) Nonetheless, due to the fact
that stick welding was found to be associated with greater weld quality, the overall hypothesis
(that a change 1n weld process from stick {o wire welding wall improve weld performance) must
still be rejected

Ventilation Effect

Overall, although the results suggest that the method of ventilation did not have a sigmificant
effect on weld quality (p =1 000) (see Table 11), 1t may have had a substantial effect on weld
efficiency (p= 0621) (see Table 12) Ths 1s forther mdicated by the findings that the prototype
method was associated wath sigmficantly longer break times {p = (018) (see Table 16) and longer
total weld times (p = 0727) (see Table 13)

This apparent negative efficiency effect of the prototype ventilation method can explained by the
fact that the prototype device was not designed to directly improve weld performance Rather, the
pasitive effect of venulation on performance was hypothesized for many of the same reasons that
it was hypothesized that unproved ventulation would reduce physical workload That is, 1if 2 new
ventilahon method could reduce contamunants to an extent that the overall physiclogical workload
and wmtation Jevel was reduced, 1t was thought that this would increase the comfort of the welder
and patentially enable impraved performance On the other hand, a reduction in workload (and
ncrease i bodily comfort) in terms of musculeskeletal/ pyschophysical measures (EMG and
DAS) was not necessanly expected

On the contrary, EMG resulis indicated a slight negative musculoskeletal effect, which may have
resulted from the prototype ventilatzon method being physically obtrusive and interferring wath the
confined-space weiding task However, although the prototype ventilation may indeed have
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produced a negative efficiency and EMG-determned musculoskeletal effect, 1t did not appear to
be assoctated with other lugher subjective measures of musculoskeletal or cardwovascular demand
Rather, (t may be that the device was just obtrusive enough to simply stow the overall task of
confined-space welding to the point that physical demand was shghtly affected while weld quality
remaitted unchanged Such a slow-down may have also been caused by the novelty of the device,
since most of the welders who participated had been using the normal ventiation horn for some
tumne

Additional Effects

In addiion to the mam effects of ventilation method and weld process, a certaun number of factors
that mught effect confined-space welding performance were suggested by the results The first of
these involves welder expenience, which alse was mentiongd previously as a possible factor
effecting workload Specifically, subjects who had greater expenence in terms of months on the
job scored sigmficantly higher m weld efficiency measures (p= 0001) and weld efficiency was
also correlated to the measure of ratings of percerved exertion (RPE) (r = -0 70) This may
mdicate that as welders become more skilled, they become more effictent and thus percewve thew
work as bemng easier However, o must be noted that a direct correlation between welder
experience and RPE scores was not found In addition, weld qualily and welder expenence were
also not found to be correlated Hence, 1t 15 unglear whether welder experience had a sigmficant
effect on weld performance, at least 1 tarms of the appraximated flat weld task that this study
exanuned

Welder anthropometry s the second subject factor that may have had an effect on welding
performance n the studed confined-space task Ths 1s because results indicate that the subject
vanables of weight (p = 0001), bi-deltod breadth (p = 0185), and buttock-knee length

(p= 0240) had significant effects on weld quality while the subject variable of buttock-knee
length (p = 0001} had a significant effect on weld efficiency Specifically, Lighter subjects with
smaller anthropometnc dimensions performed sigmificanily better on confined-space welding
tasks Given the extremely small confines of the mock-up and the typical postures of welders,
which are depicted in llustration &, this 1s not surpnsing The area inside the mock-up where the
welder pnncipally worked was approximately 25 inches (63 5 cm) in height and 24 5 inches (62 2
cm) in width In companson, the mean butteck-knee length (a measure of kneeling height) was
23 8 mches (60 4 cm) while the mean bi-deltoid breadth {a measure of shoulder width) was 21 6
mches (34 9 em) Thus, larger welders smply may not have had adequate space 10 perform the
complicaied manual task of welding

CONCLUSIONS

Due to the described limitations, this study was designed to only closely approximate the actnal
working conditions of a specific confined-space welding task Thus, extrapolations to other actual
confined-space welding situations and extrapolations 1o exposures over eight-hour workdays
should be made with caution With thus m mund, statistical results (AWNOVA) indicated that weld
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process had a significant effect on workload, weld fume exposure, and weld performance
Specifically, wire welding was associated with significantly higher Ratings of Perceived Exerfion
(RPE's} (p = 0001), general Discomfort Assessment Survey (DAS) outcome (p = 0076), and
weld efficiency (p = 0335) while stick welding was associated with significantly mgher weld
quality (p = 0001) and lbcalized muscle fatigue [for most muscles the percent power o the 10-30
Hz frequency band was found 10 wncrease at a sigmficantly (p < 0 05) greater rate for the existing
stick electrode welding process] In addrtion, the choice of ventilatton method was found to have
a significant effect on weld fume exposure such that the standard air horn was associated with
lower total particulate concentrations (p = 0282) However, as discussed, this finding may not be
tridy sigmificant due to the possibility that fume exposure levels may have been artificially altered
during the trials mvolving the normat ventilation method Finaily, although the oxygen levels
assooated wath the confined-space welding tasks appear to be adequate, projected mummum
TWAs for personal particulate concentrations and area elemental concentrations in many cases
exceeded the established ACGIH TLV's and NIOSH RELs for the stick and wire processes, using
both ventilation methods Thus, it 15 suggested that additional arr sampling be conducted on the
actual confined-space welding task that th:s study modeled so that allernative vent:lanion methods
can be devised and appropnate respiratory protection can be recommended

This study suggesis that enginecning mterventions for confined-space welders involving weld
process and veatilation methad changes should be considered carefully because of the potential
sigruficant impact on workload, weld fume exposure, and weld performance Since the wire
welding process may be assoctated with hugher subjective workloads, 1t 1s suggested that
musculoskeletal imury rates and air quality measures be closely momtored before and after any
specific process change Since the current ventilation method (blower horn) and the prototype
venhlation appear to be inadequate, 1t 15 suggested that confined-space welders consider PPE
opiions such as supphed air respirators and that further research be applied i the area of
ventilation ¢onitol
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TABLES

*Note that Subject VIl was dropped from all statistical analyses
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Anova Besulls (See Appendix 2) Fricdman Ch Square Results (See Appendix
— 2)
Process p= 0001 Overull Sigmficance p= 0351
Venlilation p= 3458 {See Table A2-3 1n
Appendix 2 for Pared
Inflerences of Average
* =
Process * Venulation p= 5064 Ranks _
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' Table 5; Geners] Discomfost Seave (DAS-goneral) Resolts isbop aus Gortit, 1972
: - — $ %ww ]
r Condrtion Conditian Conditwn Condution
NS NW ¥i5 YW
{horma! fnarmal (protofype (Protatype
ventianion with ventilotion with verhifation with ventdation with
Replrcanion strck weldmg) wire welding) Stick welding) wire welding)
Subyect 1 ! 3 3 3 3
2 3 2 2 2
Subject 11 ! 3 4 3
2 3 3 3 3
Subject 1 2 5 4 2 p
ma 2 2 4 3 3
Subject IV I 2 2 2 2z
pre 2 2 2 2
Subject V ! ! 4 4 5 rl
2 4 5 5 n/a
Subject VI ! 3 3 2 2
2 3 3 3 3
Suhject i 3 3 2 2
vit 2 2 3 pa 3
Subject i 2 3 2 4
X 2 l 3 2 1
Subject X ! 1 i 2 3
2 3 3 3 3
Mean 25 in 272 282
sD (79 12 089 08j
i Variable Levels Variable Typec Mean 50 |
Stk Welding Process 26l 084 _‘
Whire Welding Process 197 0492
Nomal Yentlaion Venulabion 281 Q95
Prototype Vent latian Ventilation 27 084
Anova Results (See Appendix 2) Frniedman Chi Square Reslts {Sce Appendax
=" 2)
Process p= 0076 Owerall Sigmficance p= 3865
(Sce Table A2-31n
Ventilation p= 8538 Appendix 2 for Pawred
Ihiferences of Average
Process * Venplagon p= 2423 Ranks)
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Table 6: Number of Body Aveas Affected (DAS-pamber) Resodts -
, {Bishop and Cordest, 1975} ’
i e &
NS NW VS VW
fnermal fnarmal (protiiype tprototupe
ventifadion with veniliation with vestifation with venttlation with
stick welding) wire weldmngy stick welding) were welding)
Rephomtan
Subject 1 1 3 3 3 3
2 3 3 3 3
Subject IT I 4 4 k| 4
2 4 4 4 1
Subject 11[ I 2 4] 2 2
2 N 2 0 0
Subject IV i 4 4 4 q
2 5 5 b] 4
Subject ¥V ! 1 1 2 5
Z ] 4 7 no
Subject VI ! ! 0 Q i
2 0 0 0 1]
Subjec: VII ! 0 ) & &
2 ] 5 ] &
Subyect 1X ! ] 4 0 4
F a G 4 E|
Subject X ! 4 5 ] 0
2 1] Q 0 O
Mcan 272 EN B 272 8% J
S0 227 21l 237 206
Varable Levels Variable Type Mean 5D
Sock Welding Prouess 272 22y
Wirc Welding Process 3 206
Normal Ventulation Ventilation 292 217
| Drototvpe Ventilation Venllahoy 28 219

Anova Results (See Appendix 2

Fricdman Chi Square Results  (See Appendix

I )
Process p= 20655 Orverall Signeficance p = BBSB
{Sce Table A2-3m
Ventilation p= 9242 Appenchx 2 for Pawred
Dafferences of Average
Process * Vennlauon p=4242 Ranks)
e
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‘Table 7: Specific Discomtort Score {DAS-specific) Resulis (ishop and Corlert, 1975}
* i _ ]
Condition Condition Condition Condjtion
NS NW Vs vw
mormal {rovmal (profotnpe {prolutype
ventilation with vensiareon wirh venhiation with vemdation with
Replcation stick welding) wire welding) stk welding) wirg welding)
Subject [ ! & ) & 6
2 G 5 ] &
Subject I1 ] g o 3 8
s S o S %
Subject III I 5 0 2 3
2 O 4 4] {
Subject IV i 11 11 il 10
é 14 14 13 11
Subject V 1 2 2 4 12
2 14 16 G na
Subject VI i 1 it o 1
2 0 0 0 0
Subject VII i 6 8 ] 12
2 il 3 12 L)
Subject 1X i o 3 ] B
2 0 2 g &
Suhject X 4 1% 14 0 g
2 0 a 0 {
Meoan 53 672 561 576
sD 4 88 479 5 20 4 38
Yariable Levels Yonable Type Mean 5D
Stk Weldmg Proccss 5 36 447
Wire Welding Process Q26 4 55
Nomnal Ventlahian Yentlatien 61t 48D
Frato Veutiiation Vennilatien
Anova Resalts (See Appendix 2) Friedman Chi Sguare Results (Sce Appendix
Process p= 1626 Creerall Sigmificance p= 6319
tSee Table A2-3 in
Venulation p= 89G0 Appendux 2 for Pasred
Dhfferences of Avcrage
Process * Ventlation p= 6605 Rankﬁl
_—




Table 8: Personul Sample Total Pirticulate Résulfs: Raw Concentrations {mg-’m?]
and Projected Mininum $-kour TWA (mg/m™

¥

N5 NW Vs VW
{normal venlilation (narmal ventilafion {trofotype forotofype
with stick welding) with vire weddingg | vensilation with siick | veniilation with wire
welding) welding)
Subjects Row Frogecred Raw Pregected Haw Projecrad Raw Projected
Rampied Meusured Mfuemum | Measured Muwmgm | Meagured Muumun | Wleasured Manziurm
swver both mpfm’ $-Hour mgf’ 8-Hour mam’ #-Flour mg/m* 3-four
Rep- TRA* TR 4 THH? T
Lcartons
I 148 &8 £ 94 44 69 ] 254 5% o 3z 102 56 ElN]
1 189 50 il R Te 337 \731s Fa3 2 00 it
big 200 47 7ig 128 69 429 186 06 5359 11902 424
1Y na el 149 47 529 356 N0 JEEL] 21281 7432
Y Gh I 2 48 85 2 Jlp 235 90 ) 28031 kg3
Vi 154 57 £351 153 30 3864 281 07 878 n/a e
Vil [ e 11500 4 7R 12719 g 148 29 549
1x i35 1067 16267 5068 35267 1182 1v222 | s7R
x 1015 00 £ I8 L1l 25 3 I8 187 1% k7] 178 84 78
TACGIH TWASTLY far weldmg fumas as Tolal Pariienlale Not Othervise Closafied § mgim?
ONHA PEL for overall welding fume nonc
Mean 166 37 L 13643 J 33 246 10 R O6 163 37 337
sD 75 45 274 B A5 124 713 216 7145 2

Yanoble Levels Yariable Tyvpe Mean sh

Shick Process 211 25 8152

Wite Process 149 37 7962

Nommel Venulation 149 50 2179

Prustoly Yenhlation 20711 81 14

Angva Resulis (See Appendix 2) (Three way intcrachion
- rémaved)

Process p= 0749 p= 0621

Ventelatron p= 0282 p= 0O1B4

Process * Ventilation p= 7424 ——




[

Wﬁ_
Table 9; Ares Smple Total Particulate Resolts: Raw Concentrations {mg/n’) and

9 Propected Mimmm:; 8-Hour ’[’im&nghted Averages (’I"WA&}
E . - 3 . j
NS NwW VS YW
fnormal ventilation thormal ventilation {prototype {protoiype vertilaiion
with stick weldmgi with were welding) venhlation with with wire weldmgl
stick welduig:

Subjcets Raw Progect Raw FProgecied Raw Projected Raw Prareceed
Sampled over Measured ed Measured | Minonam [ Measur Mutpare Measurad AMenernzenn
Replications nighn® Mnem mg/m’ F-hour ed m 2-fronr mg/m* 2-hour

Indzcated wrnt 8- “TH4 mgfm'* "THA LA

fowr
“THA
I 12 28375 940 11577 3i3 52700 867 356 B4 2204
n I2 41275 1779 35417 13 47 306 O 21 08 4i¥5 29 i4 33
I 12 ¥i5 14 2735 37001 2547 451 14 3299 31424 21 68
IV 2
¥ iz2 1G4 53 1097 34300 2! 44 431 M4 45 29 31424 3542
¥I !2
v 2 235 48 21 40 27350 1140 467 98 45 52 54306 3507
vIIT 12
X i2 45 a8 6313 59174 79 88 762 12 40 32 A4 2776
X 12
Mean 333 62 24 97 3230 2580 558 95 3559 448 79 2471
sD 169 {42 1993 262 31 3763 11236 I3 a2 1313 745

“ACGIE TWAS TLY for welding jimes as Total Fartteulate Not Quherwisz Classified § msfm?
OSHA PEL [or overall welding jume nonc

Vanable Levels Vanuble Tyvpe Meun 5D |
Stick Weldmg Process 456 29 17601

Wire Welding Trocess 445 55 200 49

Mormal Ventilation 372 96 211 35

Ventilation

Froiotypc Yent:laion 528 87 1135 38

Ventilation

T-1¢



“Table 10a; Flemeetal Stan (1CF) Results: Raw Concentrations (mg/n®) - i
Analyte Concentratnn (mg/m®)
Aberemion Berylhm ClopraT Tron Lhmn | Mangecae Lead Zune Coiads
NIOSH 5 0 0005 01 5 0025 1 0100 5
REL
(mg/nr)*
(ISHA e 0002 al L0 (025 5 1030 5
PEL
(mg/na')*
Subrect Process
Stick (SMAW)
Subgect I 0288 | 112091 | 0061 19695 | 0364 | 14392
Subyect 11 0203 | 111170 3000 0363 | 145301
Subject 11T 0271 | 107129 19286 | 0383 | 142851
Mean 0274 | 11013 19660 | 0357 | 144024
SD 8013 2639 358 o012 1228
Wire (FCAW)
Subject 1 15625 0 003 92156 | 15468 | 28123 | 0422 | 101543
Subject 1 22 857 0 D03 weepe | 20000 | 35712 | 0343 | 124988
Subject I | 16667 0002 90894 | 16667 | 29545 | 0364 | 11363
Mean 18 383 80027 943 | 173 | 31127 | 0376 | 13387
5D 3 509 0 D005 4 881 2 348 4034 poal | 7
SN [

mg/m’ = mmulhgrams of eomrameant per cubec meter nf ar
w1t KICSH and OSTIA slandands peiti to speealic compoundsifamms of the hated clement
Alnnurom- Alusunsen weldimg fumcs
Ueryilpam— Beryllum and Berdlion comtnds
Copper- Copper funs
Tren—trem coude firme
Lichmuet- Libownn bpedrade:
hdbgantzsc= Wanganese L
Lead— WIISH metallie lead, Jead mxidey and lead salts OEELA metallrs al] inergame lead compounds and ki clust of sngame eompaitmds called
s08ps
Zuni— Zive xade 1his requires a eonversiae (*1 250 ot e onginal data based on g rhin of alotric weyghts
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Table (0h: Elemental Scan (FCP) Resultsz ;
1+ Projected Mininwi 8-hour Tine Weighted Averages (TWAs) _
Analyte Conceniration (mg/m®*)
Ahunmum Bery|hum Cuppet Tron Tathuum tAnganese Lead Zine
NIOSH 5 0 0003 01 5 0025 I 0 107 5
REL (mgAm) ¥
OS5I A e 0002 Gt 10 0025 3 3050 5
PEL {mp/nr)*
Subject/ Process
Stick (SMAW)

SBb_]CC'I. 1 0024 TG a00d 135a Hazs 9 EIs
Subjcet 11 0022 9 264 1 665 0030 12 109
Suh_]E:CIS 1T 0 3us 15023 2¥12 0030 20 822
Mean 0 146 10 864 4003 1944 0035 14279

sD a7 4194 -— 168 13 5783

Wire (FCAW)
Subject 1 1 042 00002 & 144 1031 1875 0028 6 769
Subgect 11 1667 0 0003 7283 1458 2604 0025 9114
Subjects I1E 2292 0 bon3 12 49% 2792 4062 0050 15624
Mean 1667 LLAL A1k B 642 1 554 1847 U034 10 502
SD 0625 | ST7EDS 3387 0641 1114 9 0137 4587

mgim’ = trullprams of contaro nbal pet el el of sic
Y he WIO5H and {8114 dandards pertamn o specific com poumls! fopens of the hited elerment Ahmunum= Alaruoum welding fures
TieryTlwm= Tieryllm anct Berylhum congound, Copper - Copper flne Jron- Iren oxade fume Luthrume= Lithimn hydrde Manganese— hangancse fume

Lead— MUOSH metallic Jead lead cxades and lead salts ©25114 metalhe a1 merganic lead compounds and ongaruc soap compounds  21me - 2ing coade s

oqures o cmvererm {* | 253 of the orginal dats hased on s nale of etorme wepghls
T - T™r

T
(3; Percentage (G, Percentage 0, Percentage (Mcan)
Subject 1 210 203 plik]
Subpect 11 211 203 207
Subject 1 211 205 209

T-12
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Table 11: Weld Qruality Residts oxpect visuat atingy on 3cb 1 - 6
Conditron
NS NW L YW
{armai {nornwl {prololype (prototupe
ventifaton with verhlation with ventilation weth verttlaiion with
Rephcanen stich weldinpl wire welding) stick welding) wire welding)
Subject 1 f 4 5+ 3+ 35 4%
2 4% 4% 3 5™ 3 5%
Suhject 1T I 4 5* 5% 5* 5%
2 4% 4 5% 35+ 45+
Subject TIT I 4 4 4 35
2 45 35 4 4
Subject TV I 45 4 45 3
2 3 45 5 35
Subject V { 4 3 4 3
2 25 2 i 4
Subject ¥1 I 45 15 45 3
2 s i} 3s 2
Subject V11 I 435 15 5 15
z 5 4 43 35
Subject IX I 4+ 4 45 33
2 3 3 4 45
Subject X i 4 45 45 45
2 4 45 5 3s
*Subjects [ and I were elhmunated om the analysis for qualty because they were rated by a dufferent weldmp exper
Meun 418 330 420 336
8

5D 072 106 05 0 84
Variable Levels Variable ‘Type Mean 5D l

Anova Resulis (Bee Appendix 2)

Slck Welding Trocess 423 64
Wire Welding Process 336 094
Nonnal Ventilation Ventilatign irmt 296
Frotolype Ventilaticn Ventlatuon 382 083

Friedman Chi Square Resulis (See Appendis 2)

Orverall Bigmficance

(Sec Table A2-3
Appendix 2 for Pared

Process p= 0001
| Vennlation p= 8714
Process * Vennlalion p= 7462

Infferences of Average
Ranks)

p= 0336

e

T-13



Suck Welding

Process

73 31

5 Table 12: Weld Efficiency [(arc time/total weld time}*160] Results ~
¢ i g
Condinan Condition Catdition Condron
NS NW Vs 1%
(rormal [rormal (orotefupe (protatype
veattlation wiifr vertdation with vertitfghion with veridution with
Replication stich welding) wire velding) sirck welding) wire weldmg)
Subject I 1 TO 2 (%) 71 35 71 62 76 16
2 76 03 T4 31 7238 777
Subject Il I e 8142 7544 6h 44
2 67 37 7963 TX03 76 65
Subject IIT } B0 64 7976 7316 &1 68
2 529 83 18 84 1 8272
Subject TV 1 T4 B8R Bd 04 7T 36 TB 13
2 7877 84 22 7763 &7 66
Subject V b 5077 72 55 56 06 5478
2 &4 K1 52 33 5901 n/a
Subject VI I 74 86 09 7% 03 21 63
Z 79 R7 03 5012 85 27
Subject VII ! f9 55 B3 R3 373 5903
2 7717 T4 535 68 4% 70 46
Subject IX 1 78 54 8217 7528 76 92
2 Tas T 44 T 87 TR
Subject X I 65 68 782 T4 2T T4 94
2 68 44 78 76 T2 ¢4 7408
Mean 7322 T8 08 73 40} 7322
sD 798 682 682 8 &6
_—_——
Variable Levels

Vanable Type Menn 5D

732

Wire Welding

Frocess

6 69

778

Marmal Ventilation

Ventilation

7563

TN

—

Prototype Yenhlation Yenhilation 74 29 771
] Aagva Results (See Appendix 1) i

Process p= (313
Yent:lation p= 0HZ1
Process ¥ Ventdanon p= 0713

= —— e ————
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‘ Table 13: Yoinl Weld Vime Results eondny ¢ .
i i - ! "
Conditrmn Cundition Condifion Condition
NS NW ¥5 YW
{Hormet (hormul (prelotype (prototvpe
ventdation with veatclalzon with venilatian wilh ventlztion with
Repircanon sHch veldmg) wire welding) stick welding) were weldingl
Subjeci 1 ! 480 (sec) 239 458 432
Z 413 77 444 413
Subject ] 441 409 456 306
I a 425 432 464 k)
Subject ! 521 135 375 461
I 2 A1 4722 371 381
Subject ! 530 173 450 412
v 2 405 397 447 381
Subject ! 522 414 S03 511
v 2 395 370 444 nfa
Subject ! k19| 3n2 G 332
Vi e 357 251 332 253
Subject ! 535 493 491 576
Y11 2 473 d44 311 518
Subject ¥ 443 387 441 416
X 2 A 374 407 474
Subject ! 507 399 478 427
X 2 526 419 475 443
Mean 448 33 380 78 441 36 422 59
50 3810 64 62 48 10 73 15
Yansable Levels Yanable Tg‘ge Medn 5D
Stk Welding Process 3445 19 52069
Wire Weldiog Process 401 09 7112
Normal Ventilation Ventilation 414 8] 69 71
Protatype Ventulation Venilution 432 34 61 34
‘ Anova Resulis (S¢e Appendax 1)
Process p= 0002
Ventilation p= 0727
Process * Ventilation p= 0115

H
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Txbt&gl&: Total Are T]gll& Results (secinds) ;
— —— T — g
Condition Condition Condifion Condition
NS NwW V5 YW
fmormal trormal ventilation fprofotype {profatype
verbtlation with with wire welding) venitiation with ventilation with
KReplrewuion shick weldng) stck welding) wire welding)
Subject I i 337 {3e0) 171 328 319
) 314 206 325 22
Subyject Fi 329 333 344 275
i1 2 289 344 37 oz
Bubject I 435 268 234 382
1 z 342 151 3z 27
Subjcct ¥) 322 K1) 344 142
| k3 2 319 342 My 334
Subject i 265 3 282 281
L% 2 256 237 262 nu
Subject ! 3010 260 309 27N
VI 2 2R2 222 plt) 220
Subject 1 3RE 316 62 340
vil 4 365 in 350 ELW)
Subject 1 348 iy 332 30
X 2 308 297 321 2491
Subject i 333 312 55 320
X 2 3n0 330 346 343
Menn LMK 296 56 127 83 21553
i H 43 45 47 9% 3195 3
Yaruble Levels Varuhble Type Mean 51
Suck Weldmg Procesz 33508 3725
Wire Weldmg Troccss 0577 44 29
Normal Venhilation Ventlalion 31154 47 74
Protatype Yentilatien 31y 2% kI
Ventlation
Anova Results {See Appendix 2)
Process p= G115
Venlslation p= 5571
Pracess * Vendilatign p= 1934
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| Table 15; Number of Breaks (fuciuding last de-slagging) - %
Condiden
NS NW ¥s vw
frormal (normal (profatype fprototype
venfilahon vith veutlatiem with veritidahon with ventdatian wiih
Heplication Stk welding) wire welding) strck welding) wire welding)
Subject ! 4 4 4 0
L 2 5 G ) 4
Subject Fy 4 8 4 5
| 11 2 4 5 4 &
Subject ) 6 7 3 7
11 2 3 7 5 7
Subject | 4 7 4 4
v 2 4 5 4 3
Subyect { 4 k1 5 5
¥ 2 4 & 4 na
Subject ! 3 i) 5 5
VI 2 3 4 4 5
Subject ! 5 10 4 6
vil 2 | O 5 h
Subject i 4 6 4 ®
1X 2 3 7 4 10
Subject i 5 4 4 5
X 2 3 5 4 5
Mean 4 56 589 433 618
S _ 070 163 0 4% 194
| Vanable Levels Yunable Tvpe Mecan SD |
Stich Weldmg Process 04l
Wire Weldmg Pricess &3 179
Naormeal Ventlation 522 144
Protolvpe Venulation 523 166
Anova Results (See Appendix 2)
Process p= 0001
Ventllation p= 8389
Process * Verulabon ~ p= 5495
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Tiible 16: Mean Break Timg%, including last de-slagging) Results (econds)
Canditions
NS NW Vs ywW
(rormial frarmal (prototype {protatupe
venfilation with wvenftlation with ventilation with venitlaiion weih
Kephoarnn steck welding) wire welding) stick welding) wire welding)
Sobject I 35775 (sech 17 00 3250 1278
2 19 80 13 50 24 B 1525 !
Suhject IT I 28 00 o 50 3175 2420
2 3500 17 &0 3175 1533
Subject I I 14 33 9N 1820 128
2 14 75 10 14 11 &0 673
Subject IV i 2700 4957 2775 1725
I 2 21 50 1100 2500 1633
Subject ¥ ? xfd 25 23833 44 20 2900
2 3475 2367 4500 nfa
Subject V1 ! 16 00 700 1275 12 20
2 1500 7735 16 50 700
Subject VIO I 217 L7 %0 3225 3933
2 27 G0 18 43 3220 1913
Subject TX i 2175 I 30 7248 1200
2 1820 1100 21 50 i230
Subject X i 34 80 21715 075 2140
2 3120 1780 3225 2400
| 3 oo melaled % motwnchaded
=180 =3 8D
Mcan 25 00 13 34 2818 17 38
SD 774 508 £75 32
Vuriable Levels Varable Type Mean 5D
Stk Welding Process 2663 831
Wire Welding Process 1561 700
Wormel Ventilation 1942 834
Pratolype Vennlanion 284 1062
? — -— e = ——
Anova Results (Sec Appendix 2)
e rrr——
Process p= 0001
Ventilation p= 0018
Process * Ventlation p= 4743




Table 17: Sumsinary of Significant Results

L]

Stanstical Results (Sce Appendix 2)

Process Ventilation Method
Measures Jstick (S) versus wire (W) [air horn (N) versus fresh awr
diffuser
Physical Workioad 3y
Ratings of Percerved ANOVA Frigdman e
Exertion (RPE) Chi Square
W= 5, W=§,
p= 0001 p= 0351
General Discomfort ANOVA Friedman ---
Assessment Survey Chi Sguarc
(DAS-General) (Not
sigtuficant)
W>8, W>8,
p= 0076 | Pp= 3865
EMG Percentage of the ANOVA
total sigpal power n the
10-30 Hz frequency band S>W
p=< 0d
(For most muscles the percent -
power 10 tlus frequency band
was found to sncrcase at a
sagmficantly {p < 0035} areater f
rate for the stck electrode
welding process than the wire
welding process)
Weld Fume Exposure
Personal Particulate — ANOVA
Concentration {mg/m?) V>N,
p= 0282

T-19



‘Fable 17; Summary of Significant Results

Process Ventilation Method
[stick {8) vorsus wirg (W)] farr horty (N} versus fresh air
Measures diffuser (V)]
Weld Performance
Weld Qualty ANOVA Friedman -
(Subjects 1 and 11 Chi Squarc
ehminated) 5= W, S>W,
p= 0001 p= 0336
Weld Efficiency ANOVA —
W=>S,
p= 0335
Total Arc Time ANOVA —
S>W,
p= 0115
~Number of Breaks ANOVA —
(including last de-slagging) W §,
p= 0001
Mean Break Time ANOVA ——
(ncluding last de-slagging) S>W,
p= 000

T-20
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Figure 1 Ratings of Perceived Exertion (RPE) Resulls
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% of reports

E 1

Figure 3 DAS-Number- Number of Discomfort Reports Across
Subjects by Body Area and Expermnental Condrton
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Figure 4 DAS-Specdic (# of reports * severidy) Across Subjects
by Body Area and Experimental Conditwon
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Figure 5 Total Personal Particulate Concentration (mgfm3)
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Figure 8 Wald Quakity Results
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Figure 10 Total Weld Time
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Figure L1 a, c:  Slopes of the resulung hnear equation when regressing percent of total EMG power
m the 10-30 Hz frequency band against time averaging window
(a) left side by weld process {c) left side by ventilation device
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Figures 11 b, d: Slopes of the resulting lhinear equation when regressing percent of total EMG
power in the 10-30 Hz frequency band aganst time averaging wmdow,
(b) right side by weld device, (d} nght side by ventilation method
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Figure 12: Percentages of the total signal power in the 10-30 Hz frequency band (PP,;,)
averaged across all subjects and muscles, The averages are shown by time sequence
number for the welding processes and ventilation devices.

30
o 20 ‘.‘4
2 ¢
ol
W - ¢ stick, cony
—1— wire, conv
A stick, proto
—&— Wire, proto
0 [ . . ; : |
0 1 2 3 4 5 5]

time period

F-10



Figure 13 (Top) PPy, 5, averages for stick and wire welding processes as a function of tme segment
(Bottom) Increases i the PP, ; 5, measure relative to its baseline value (tune segment 1) The fatigue
States | and 11 correspond to the shifts in power spectral density deseribed by Chaffin (1973) The
stick welding process PP, ,, values stufted upward by a percentage large enough to be deseribed by
Chaffin's fatigue states ag State T and lower State II fatigue levels, The wire welding process PP, 5,
values did not increase {relative to bascline) enough to reach State 1 levels
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Wustration 1 a, b : Normal Ventilation— Blower-type horn

la b

Mustraton 2 Prototype Ventilanen Device: Fresh Ay Diffuser
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Iustration 3: Stick and Wire Welding Comparison

Ja Stick Welding (SMAW) 3b Wire Welding (FCAW)

TNustrations 4 a.b: Stick and Wire Comparison, Cantimued

da Stick welding unit 4b Wire welding unit



Nusiranion 5: Welding Mock-up Specifications
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Ilustration 6. Typical Confined-Space Welding Posture




Iliustration 7: Experimental Set-up

Nlusirztion 8a; Temperature Sensor
Mustrabion 8b: Oxvgen Sensor
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Mlustrations @ a, b: Ventilation Expermmental Issues

9 a Welding Fumes Bewng Forced Out of Back End of Confined-Space Mock -Up When Using the Normal
Ventlation Horn

b Welding Fumes Baing Expelled From Entrance of Confined Space Mock-up Using the New Venullation
Tobz
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Form #1: CALL FOR YOLUNTEERS

NEEDED VOLUNTEERS FOR A WELDING STUDY

WHAT:

WHY:

WHO:

WHERE:

WHIN:

NIQSH (National Institute for Occupational Safety and Health, a United
States government research agency) and *participant shipyard* are
sponsonng a study to determune the effectiveness of engineenng controls in
reducing muscle and jomt disorders and improving welding performance 1n
the “honeycombs”

BENEFITS: The personal benefits of particapating n this siudy nclude a
greater awareness of the possible ways to make the job of welding in
confined spaces safer, less-tinng, and more productive The participants
will also benefit from knowing that they are part of a study that aims to
improve the work condiions of their fellow welders

RISKS: You should not experence any discomfort or imury beyond what
1s normally experienced in stick-welding in “honeycombs™ on a daily basis
at the shupyard Such welding weork does involve the potential nisk for
muscle/ yownt fatigue and imury, electncal shock, eye damage due to
utravielet light exposure, fume mhalation, and skin burns from the shick-
welding unit and excess slag

To be ¢chgible, participants must

1 Bea 2" Class Welder

2 Have expenence 1n the welding 1n confined spaces

3 Beiree of medical condimons that mhubit welding 1n confined-spaces
(such as musculoskeletal disorders or heart conditions)

4  Have recerved full safety traming for stick and wire-fed welding
operations

The study will take place 1n a mock-up 1n the shipyard welding
school and will last 4 hours total (8 trials, 10 minutes each) for
each participant All trials will be conducted within the
participants normat working shift.

April 8 -20

* All voluugeers will receive their normal hourly wage (paid by the *participant shipyard*)
for their participation in this study.
**Questions/ Comments? Contact Steve Hudock, Ph.D , Senior Safety Engineer (NIOSH) at

(513) 841 -4385

Al-2



FORM # 2;: MEDICAL/ ELIGIBILITY FORM

Providing information for this form is strictly voluntary. It will be used only to
determine eligibility for the NIOSH welding study based on your medical
condition and welding experience. All information is confidential and will only
be available to NIOSH investigators,

1 Do you have 2™ Class welding certification?

2 Do you have experience 1n welding m confined spaces?

3 Have you recerved full safety traiming on stick-welding operation, mcluding safe work
practices and the use of personal protective equipment?

4 Do you currently have a muscle or joint problem that would prevent you from performing
stick welding in a confined space? If yes, please explamn

5 Da you currently have a breathing or heart condinon that would prevent you from performing
stick welding n a contined space? If yes, please
explain

SUBJECT #
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FORM #3A; INFORMED CONSENT (NIOSH)

NATIONAL INSTITUTE FOR QCCUPATIONAL SAFETY AND HEALTH (NIOSH)
CENTERS FOR DISEASE CONTROL
U.S. PUBLIC HEALTH SERVICE
U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

CONSENT TO PARTICIPATE IN A RESEARCH STUDY

You have been asked te participate in a NIOSH research study. We explain here the nature
of your participation, describe your rights, and specify how NIOSH will treat your records

L DESCRIPTION
1, Title;: Engincering Céntrols for Welders in Confined Spaces

2, Sponsor and/or Project Officer: Stephen D. Hudock, Senior Safety Engineer,
DPSE

3. Purpose and Benefiis: The purpose of ths study is to determine the effectiveness
of ergonomic/ ventilation controls and different welding processes in reducing
muscle and joint disorders and weld-fume exposure while improving welding
performance. The usefulness of the measures and procedures to perform such
evaluations will also be mnvestigated. The personal benefits of participating in
this study mclude a greater awareness of the possible ways {0 make the job of
welding in confined spaces safer, less-tining, and more productive, The
participants will also benefit from knowing that they are part of a study that
aims to improve the work conditions of their fellow welders.

L CONDITIONS OF THE STUDY

1. You will be asked to flat weld mn a confined-space mock-up under four
different work conditions and each of thesc conditions will be repeated for a
total of eight weld trmals. These conditions melude: 1) Stick welding using a
blower-type ar horn as ventilation 2} Wire welding using a blower-type air
horn as 3) Stick'welding using a new ventilation device , 4) Wire welding
using a new ventilation device. The mock-up wself is made of Plexiglas ™
(Acryhte ™) and steel and is 2 ft by 2ft by 16 ft, and will be set-up inside the
welder traiming center at the (participant shipyard).

'
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During each weld trial, you will be asked to crawl inte the mock-up and

weld 2 flat fillet yoints (6 ft 1n length each), located on the left and mght sides
of the mock-up. The entire weld trial should last around 10 minuntes and you
should use up 2-4 weld sticks (for the trmals that require stick welding).
Between each trial, you will be given a ten minute rest break and will be
asked to {ill out two brief surveys which describe the way certain muscles and
body areas feel and describe how hard you feel you are worlung, (See Form
#06, “Bishop and Corlett Discomdort Assessment Survey” and Form # 7,“Borg
Scale of Percerved Exertion™) The enture study of 8 trials (uncluding the hour
rest break before the study) should require no more than 4 hours of your
time away from your normal job. All irials will be conducted during your
normat working shaft,

During each weld task, your heart rate and the shoulder muscle activity will
be recorded using pamless methods. The musele activity from four of your
shoulder muscle groups will be collected through electromyographic (EMG)
recervers with adhesive pads attached to the skin surface. Your shoulder area
will first be cleaned with pads soaked with rubbing alcohol and may be
shightly roughened. Your shoulder area may also be shaved if your hawr keeps
the pads from staying 1o place on your skin, This cleaning, roughening, and
shaving 15 necessary to provide the best possible electrical readout.
The adhesive EMG pads will then be apphed to the slan surface on four of your shoulder
muscle areas. Your heart rate will also be recorded with another small receiver by an
adhesive pad that will be attached to your chest. All of these receivers will be attached to
your skin and then covered with your normal clothing and protective welding coveralls.
Cables from these EMG and Heart Rate recervers will be gathered at your back and wall
connect mto a small, hghtweight belt-pack, worn under your clothimg and pratective gear,

A personal air sampling filter will also be attached on the lapel of your weld st and a
small tube from this filter will be gathered towards your back underneath your clothing, A
single fiber optic cable from the belt-pack will then be combined with ¢his air sampling
tube and routed out of your clething and protective gear at warst level, just above your
hips. This will make sure that you are still lully protected by your personal protective
equipment and clothing. A NIOSH researcher will also guide this combined cable away
from you as you enter and leave the mock-up and position yourself during each welding
trial, With your permission, you will also be videotaped as you perform each task, (See
Form #8, “General Photo Release”, to grant this permission)

Before weldng is begnm, you will be asked to perform a maximum voluntary

contraction {MVC) test which 1s commonly vsed in EMG studies, During tins
test, you will be asked to crawl into the mock-up and {0 assume a certain
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pesture (such as.laying on your side). You will then be asked 1o put your arm
in a shing that is attached to the floor of the mock-up and te raise your arm tn
steady manner until you are raising 1t as hard as you can for 20 seconds. You
will be asked to rest for 2 mnutes and then you will be asked to repeat the
test, The total time For both of these tests will be less than 5 minutes. These
MYV tests should only be performed once at the begmning of the trals, but
may have to be repeated if the EMG pads fal! off of your skin during the
trials.

You will be given a medical/ eligib:hty questionnaire before you are allowed
t0 take part in this study to make sure that you arve certified for confined-
space welding and that you are free from medical conditions that wonld
prevent you from safely participating. (See Form # 2, “Medical / Eligibility’
Questionnawre™) Before participating, you will also be asked to complete a
form that asks how certain areas of your body have felt in the past after
welding. (See Form #4, “Symptoms Survey Checklist™)

During periods of welding, you will be required to wear the full Personal
Protective Equipment (PPE) necessary for stick welding inside the
honeyeombs at the (participant shipyard). This includes insulated overalls,
gloves, welding helmet, UV protective face shield, and personal breathing
mask (3M 38812 disposable welding mask). Also, all welding will be done in a
safe manner in accordance with safe welding gmdelines as recommended by
the American Welding Society.

You will be asked to rest for 1 hour before participating in the study, Durng
this time, a number of your body dimensions will be measured with a tape
measure, including the length of your upper and lower legs, chest
circumference, shoulder width, arm length, and your overall height. Your age
and weight will also be asked and deiermuned at this time. (See Form #5,
“Subject Body Dimensions™)

You should not experience any discomfort or mjury beyond what 1s normatlly
experienced in stick-welding m “honeycombs” on a daily basis at the
{partiapant shipyard). Such welding work does involve the potential risk for
muscle/ joint fatigue and nyury, electrical shock, eye damage due to
utraviolet hght exposure, fume inhalation, and skm burns from the stick-
welding unit and excess slag,

You may experience shght discomfort durmg the EMG measurement

procedure. This procedure includes the cleaning of your shoulder area with
rubhing alcohel, which may cause a shght burning sensation on your skin
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which may involve a shght roughening of your skin with a paper towel. It

. also may mvolve the shaving of certam areas of the shoulder and chest if your
hody har mn this area prevents the EMG and Heart Rate pads from bemg
attached to your skin. Also, you may experience slight discomfort when the
adhesive EMG and Heart Rate pads are removed from your skin

Welding n the mock-up may 2lso involve additional risks since you will be
not be able to move as freely as normal since you will be attached to the
EMG and heart rate recewvers and fiber optic/ air sampling cables. A NIOSH
researcher will guide these cables to keep them out of your way so you can
get in and out of the mock-up alingst as normally as you would get in and out
of the honeycomb sections at the (participant shipyard}..

Welding 1n the mock-up may also mnvolve additional risks of injury due to the
fact that the mock-up 1s made of acryhe sheets (Acrylite GP ™1, hke Plexiglas
™) and steel. The mock-up has been designed to safely enable actual
confined-space welding tasks to be videotaped from a number of views, To
nsulate against the heat of the welding arc and excess slag during the
welding procedure, the area where these tasks will be performed has been
consiructed of 3/16 in steel plate (the rear bottom surface and half of the rear
side surfaces). Actual weld beads will be deposited inlo removable *angle
irons”. Other areas of the mock-up have been constructed out of 3/8 nch
Acrylite ™ sheets to allow videotaping. Although Acrylite ™ can burn, 1t has
an allowable continuous service temperature of 130 to 200 degrees F. It 15
unlikely that the Aerylite ™ portions of the mock-up will be subjected to heat
of this level or that slag will contact the Plexiglas in a way that could produce
a fire, However, the surface temperature of the mock-up will be checked
constantly throughout the trals, In the event that the surface temperature
reaches 120 degrees, the trial wiil be stopped and you will be asked to exit the
maock-up Fire extinguishers will be readily available and first responders will
be on hand to deal with potential fires or medical emergencies. The mock-up
itself has also been approved for use in this study by the Fire Prevention
Burean of the (participant shipyard district). Standard (participant
shipyard) safety procedures will be followed in any emergency.

If you have any reaction to the tests/ procedures your should contact Dr.
Stephen D. Hudock, Senior Safety Engineer, at (S13) 841-4385

The praocedures (actual welding task performed 1n a mock-up) and measures
suggested (heart rate monitoring, EMG monitoring, subjective
questionnaires) are the safest and most appropriate measures available for
workload and performance assessment. Other measures exist , such as fine
wire EMG’s , but they are inappropriate hecause these wires would have to
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be inserted into your skin.

4,  Imjury from this project 13 unlikely, But if 1t results, medical care 1s not
provided other than emergency treatment, If you are mjured through the
neghgence of a NIOSH employee you may be able to obtain compensation
under Federal Law, If you want to file a ¢laim against the Federal
government your contact pomnt 1s: Public Health Service Claims Office: (301)
443-1904. If you are imjured through the neghgence of a NIOSH contractor,
your claim would be against the contractor, not the federal government. If an
injury should oceur to you as the result of your participation, you also should
contact: Dr. Stephen D. Hudock, Senior Safety Engineer, at (513) 841-4385

1. If you have any guestions about this research or your vights as a member of
this study, contact: Dr. Stephen D, Hudock, Senior Safety Engineer, at {(513)
841-4385 or Dr. Michael J. Colligan, Psychologist, at (513) 533-8222,

2. Your participation 1s voluntary and you may withdraw your censent and
vour participation in this study at any tune withont penalty or loss of benefits
to which you are otherwise entitled.

You will not be compensated by NIOSH for your participation but you will
be paid by Jeffboat for your study participation during your regular shift.

3. NIOSH will provide you and your doctor (if you wish) wath all findings from
your medical tests (and any other cxaminations) in written form delivered via
the U.S, Postal service. We will do this when the study is finished, or sooner, if
appropreate,

i USE OF INFORMATION

The National Institute for Occupational Safety and Health (NIOSH) of the
Centers for Disease Control (CDC), an agency of the Department of Health
and Human Services, 15 authorized to collect this informatien, mcluding your
social secunity number (if applicable), under provisions of the Public Service
Act, Section 301 (42 U.S. C. 241); Occupational Safety and Health Act,
Section 20 (29 U.S.C. 699); and Federal Mine and Safeiy and Health Act of
1977, Section 301 (30 U.8.C. 95). The information you supply is voluntary
and there 1s no penalty for not providing it, The data will be used o evaluate
illnesses and deaths resulting from diseases related to shipyard welding, to
determine their causes and to prevent them in the future. Data will become
part of CDC Privacy Act system and may be disclosed to appropriate Scate
or local health departments to track occupatienal musculoskeletal/
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physiological disorders. An accounting of the disclosures that have been
made by NIOSH will be made available to you upon request. Except for these
and other permissible disclosures expressly authorized by the Privacy Act, or
in limited cireumstances when requred by the Freedom of Information Act,
no other disclosere may be made without your written consent.

IL SIGNATURES
I have read this consent form and I agree to participate in this study.

PARTICIPANT (Signature)
Age

(and guardian, if required)
Date

1, the NIOSH representative, have accurately described this study to the
participant.

"

REPRESENTATIVE {Signature)
Date
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FORM #3B: INFORMED CONSENT {UNIVERSITY OF CINCINNATI)

UNIVERSITY OF CINCINNATI
Congent to Particrpate in a Research Study

Title of Stady:
Engineermg Controls for Welders i Confined Spaces

Investigator Information:

Prmapal luvestigator: Steve Wurzelbacher
Telephone number: (513) 841 -4407

Amit Bhattacharya, Ph.D.

Scoft Clark, Ph.D,

Steve Hudock, Ph,D.(NTOSH)

Stan Shulman, Ph.D. (NIOSH)
Faculty Supervisors/Co-investigators

Introduction

Before agreeing to participate in this study, it is important that the following explanaton of
the proposed procedures to be read and understood. 1t describes the purpose, procedures,
benefits, rnsks, discomforts and precantions of the study. It also describes alternative
procedurcs available and the nght te withdraw from the study at any time. It 13 important
to nnderstand that mo guarantee or assurance can be made as to the results. It is also
understood that refusal to participate an this study will not anfluence standard treatment
for the subject.

1 have been asked to participate in the research study
under the direction of Steve Wurzelhacher. Other professional persons who work with him
as study staff may assist or act for him,

I will be one of approximately nine subjects to participate 1n this tral,

Purpose
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The purpose of this research study 15 to determine the effectiveness of engineermg contrels
(weld process change and ventilation controls} in reducing muscle and jount disorders,
reducing weld fume exposure, and improving welding performance. The usefulness of the
measures and procedures to perform such evaluations will also be investigated.,

1

Duration

My participation in this study will last for approximately four hours.

Procedures:
[ have been told that during the course of this study, the following will occur:

1 will be given a medical/ eligibility questionnaire before 1 am allowed 1o take part in
this study to make sure that I am certified for confined space welding and that I am
free from medical conditions that would prevent me from safely participating.
During penods of welding, 1 will be required to wear the full Personal Protective
Equipment (PE) necessary for stick welding inside confined spaces at the
{participant shipyard). This includes insulated overalls, gloves, UV protective face
shield, and a personal breathmg mask (3M 8812 disposable welding mask), Also, all
welding will be done m a safe manner 1n accordance with safe welding guidelines as
recommended by the American Welding Society.

1 will be asked to rest for | hour before participating in the study. During this ime,
a number of my body dimensions will be measured with a tape measure, including
the length of my upper and lower legs, chest circumference, shoulder width, 2rm
lengih, and my overall height My age and weight will also be determined at this
lLime,

I wall be asked to flat weld 1z a honeycomb mock-up under four differeni work
conditions and each of these conditions will be repeated for a total of eight weld
trials. These condrtions mclude: 1) normal stick welding (same as current Job
conditions in the honeycomb), 2) stick welding using a new ventilation tube, 3)
normal wire welding (same as current job conditions in the honeycomb), 4} wire
welding using a new ventilation tube. The mock-up will be full size (2 ft by 2ft by 16
ft), made of Plexiglas and steel, and will be set-up inside the welder training center
at the (participant shipyard).

During each weld task, my heart rate and the shoulder muscie activity will be
recorded usmg pamless methods. The muscle activity from four of my shoulder
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muscle groups will be collected through Electromyographic (EMG) receivers with
adhesive pads aiiached to the skin surface. My shoulder area will first be cleaned
with pads seaked with rubbing alcohel and may be shightly roughened. The hair on
my shoulder area may also be shaved. This cleaning, roughening, and shaving is
necessary to provide the best possible electrical readont. The adhesive EMG pads
will then be applied to my skin surface in the proximity of four shoulder muscle
areas. My heart rate will be collected by another small receiver attached to my
chest. I will also be videotaped during each task.

I will be asked to rest for 1 hour before participating in the study. During this time,
a number of my body dimensions will be measured with a tape measure, including
the length of my upper and lower legs, chest circumference, shoulder width, arm
length, and my overall height My age and weight will also be asked and determned
at thas time,

Before welding 15 begun, I will be asked to perform a maximum veluntary
contracthion (MVYC) test which 1s commonly used in EMG studies. During this test, T
will be asked to crawl into the mock-up and to assume a certain posture (such as
laying on my side). 1 will:then be asked to put my arm n a shng that is attached to
the floor of the mock-up and 1o raise my arm m steady manner untd I am rawsing it
as hard as I can for 20 seconds. [ will be asked to rest for 2 minutes and then I will
be asked to repeat the test: The totat ime for both of these tests wall be less than 5
mmutes. These MVC tests should only be performed once, hefove welding begins
and not during the rest of the trials. This test may have to be repeated if the EMG
recewvers fall off my skin.

After the MVC testing period, 1 will be asked to perform 3 flat welding tasks [4
wire-fed tasks (Flux Core Ar¢c Welding or FCAW) and 4 stick-weldwng tasks
{Shielded Metal Arc Welding or SMAW)] in a mock-up simulating the confined
space of a “hkull assembly”. For the stick welding trials, mild steel electrodes (sticks)
will be used {16 m, E7024--- AWS Class, Jetweld brand, AC operated at a current
range of 350 —450 amps]. For the wire-fed welding trials, NR-706 5/64" wire will be
used [Volis: 26-28, WFS: 300-350, Transverse Angle: 45 degrees, Travel Angle; 10-
20 degrees, 17-1 A" stick out. Each tral should last about 10 minutes. Between each
trial, I will be given a ten minute rest break and will be asked to fill out two brief
surveys which describe the way certain muscles and body areas of mine feel and
describe how hard that I feel 1 am worlung, The entire study of 8 trials (includmg
the hour rest break before the study) should require mo more than 4 hours of your
time away from my normal job.

Exclusion
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1 should not participate in this study if any of the following apply to me:

1 T have not recerved 2™ class welding certification
1 do not have experience n the welding in confined spaces

3 I am pot free of medical conditions that inhibit welding in confined-spaces {such as
muscle and jomnt diserders, heart conditions, difficulty in breathing eic...)

4 I have not recewved full safety tramng for shick —welding operations.

5 ILam oot 19 years of age or older.,

Risks/Discomforts

I have been told that the study described above may involve the following risks and/or
discomforis and safeguards and/or precautions to aveoid them;

“The subject should net experience any discomfort or mjury beyond what is normally
experienced 1n stick-welding in confined spaces on a daily basis at the {particapant
shipyard}. Such welding work does mnvolve the potential risk for musculoskeletal fatigue
and injury, elecirical sheck, eye damage due to ntraviolet light exposure, fume inhalation,
and skin burns from the stick-welding unit and excess slag,”

“The procedures (actnal welding task performed in a mock-up) and measures suggested
{heart rate monitoring, EMG monitoring, subjechive questionnaires) have been used by
previous welding studies because they are the safest and most appropriate measures
available for workload and performance assessment. The subjects may experience shghi
discomfort during the EMG measurement procedure. This provedure includes the cleaning
of the shoulder area with isopropyl alcohel, which may cause a sensation of slight burning
of the skin m some individuals and possible shght abrasion with a rough paper towel, Also,
some mdividuals may experience shight discomfort when the adhesive EMG pads are
removed from the shoulder area.”

“To reduce the potential for the injuries associated with SMAW (stick-welding}, all
subjects have been properly traned in the safe use of SMAW (stick) welding units and the
safety precautions (including personal protective equipment) outlined in the Methods
section will be required.”

“In addition, each subject’s heart rate and perceived exertion will be monitored
conbmuously throughout ¢ach trial, and the trial will be terminated if the subject’s
discomfort becomes excessive or If the snbject’s heart rate reaches 75% of their predicted
maximum heart rate [214- (.71*subject’s age i years)]. ”

There also may be rsks and/or discomforts which are not yet known.

Pregnancy
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If I am a woman of childbearing potential, I will not participate in this research study
urless I have a negative pregnancy test and, with the mmvestigator’s knowledge and
approval, I am employing a form of birih control approved by ihe resident physician. 1
agree to inform the tnvestigator’s immeduately if: 1) I have any reason to suspect
pregnancy; 2) I find that circumstances have changed and that there 15 now a risk of
becoming pregnant; or 3) I have stopped using the approved form of birth conirol.

Benefits

I have been told that T will receive no divect benefit from my participation in tlus study, but
my participation may help health and safety professionals determine possible ways to make
the job of welding in confined spaces at the participant shipyard, and possibly other
shipyards, safer, less-tiring, and more productive.

Alternatives

Alternative procedures exist but are inappropriate hecause of questionable vahdity, as m
the case of “simulated welding tasks in 2 mock-up or in a production situation™ or becaunse
they would unduly interrnpt production at the participant shipyard and would lack
controllability as 1n the case of “actual welding in a production situation”. Qther workload
measures exist , such as fine wire EMG’s , but they are inappropriate due to invasiveness.

New Findings

1 have been told that 1 will receive any new information during the course of the study
concerning significant findings that may affect my willingness (o continue my partficipation.

Confidentiality

Every effort will be made to maintain confidentiahity of my study records. Agents of the
United States Food and Drug Admumstration (FDA), National Institute for Qccupational
Safety and Health (NIOSH), and the University of Cincimmnati will be allowed to inspect my
medical and research records related to this study. The data from the study may be
published; however, 1 will not be wdentsfied by name. My 1dentity will remain confidential
unless disclosure 15 required by law.

Fiancial Costs to Subject
Funds are not available to cover the costs of any ongomg medical care and [ remain

responsible for the cost of non-research related care. Tests, procedures or other costs
mcurred solely for parposes of research will not be my financial responsibility.  1F I have
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questions about my medical ball relative to research partiapation, I may contact Steve
Wurzelbacher (313- 841-4407) or Steve Hudock, Ph.D, (513-841- 4385).

Compensation m Case of Injury

The University of Cincinnati Medical Center follows a policy of makang all decisions
concerning compensation and medical treatment for injuries occurring during or caused by
particapation in biomedical or behavioral research on an individual basis, If I believe T have
been myured as resuit of research, 1 will cantact Steve Wurzelbacher at (513) 841-4407 or
Harry Rudney at (513) 558-7348. I understand that by signing this informed consent
statement I am not warving the right to seek any legal options to which I am entitled.

Payments to Participants

I have been told that T will receive my normal hourly wage (pmd by the participant
shipyard) for my participation n this study.

Right to Refuse or Withdraw

I understand that my participation 15 voluniary and I may refuse to participate, or may
discontinue my participation at any time, without penalty or loss of benefits to which I am
otherwise entitled. 1 also uaderstand that the investigator has the right to withdraw me
from the study at any time. 1 understand that my withdrawal from the siudy may for
reasons related solely to me (e.g. not following study-related directions form the
investigator; a serious adverse reaction) or because the entire study has been terminated.

Offer to Answer Questions

This study has been explained to my satisfaction by
and my questions were answered. IfI have any other questions about this study, I may call
Steve Wurzelbacher at (513) 841-4407. Tf T have any questions about my rights as a
research subjeci, I may call Harry Rudney at (513) 558-7348, If a research related wnjury
occurs, I will call (513) Harry Rudney at 538-7348,

Participation i Another Study-

If I am parucipatng i another study, 1 will have indicated this as follows:
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©® YES. If yes, please provide the Principal Investigator's name and title of study.
Principal Investigator’s name:
Title of study:

© NO,

1 have read the information provided above. 1 veoluntarly agree to participate in this
study. After it 1s signed, I will recewve a copy of this consent form.

Subject Signature
Date

Legal Representative Parent
Date

Signature of Investigator
Date

Witness Signature
Date

@ Check box if verbal assent 15 obtawned by investigatar.
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FORM # 4: SYMPTOM SURVEY CHECKLIST

Symptoms Survey: Ergonomics Program

Date / ! !

Plant Dept # Job # Job Name

Other jobs you have done 1n the last year (for more than 2 weeks)

motiths weeks

Flant Dept # . Jub# Job Name Time on THIS job
___months

weeks

Plam Dept # Job # Job Name Time on THIS job

Have you had any pain or discomtort during the last year?
__Yes__ No (f NO, stop here)

)f YES, carefully shade in the area of the drawing which bothers you the MOST

F I"Ol‘it‘

(Continued)
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(Complete a separate page for each area that bothers you)

Check Area __ Neck Shoulder __Elbow/Forearm Hand/ Wrist___ Fingers

__Upper Back Low Back Thigh/ Knec Low Leg Ankle/ Foot

1 Please put a check by the word(s) that best describe your problem

__Achmng __Numbness (asleep) __Tinghing
_ Burning __Pam __ Weakness
__Cramping __ Swelling _Uther
__Loss of Color _ Swoffness

2 When did you first notice the problem? _ (Month) __ (Year)

3 How long does each episode last? (Mark an X along the hne)

/ / / /
1 bouwr  1day 1 week 1 month 6 months

4 How many separate episodes have you had in the last year?

5 What do you thuink caused the problem?

6 Have you had this problem in the last 7 days? _ Yes__ No
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7 How would you rate this problem {mark an X on line)
NOW

None Unbearable

When 1t was the WORST

None Unbearable

8 Have you had medical treatment for this problem? __Yes __No

8a IfNO, why not?

8b If YES, where did you receive treatment?

1 Company Medical Tunes 1n past vear _
2 Personal Doctor Times i past year ___
3 Other Times i past year _

8c IFYES, did the treatment help? ___Yes  No
9 How much time have you lost 1n the [ast year because of this problem? Days

10 How many days i the last year were you on restricted or ight duty because of this problem?
Days

11 Please comment on what you think would improve your symptoms

Developed by Thomas R Hales of the National 1nstitute for Occupational Safety and Health, and
Patricia K Bertsche, of the Occupational Safety and Health Admimistration
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FORM # 5: SUBJECT BODY DIMENSIONS/ DEMOGRAPHICS

SUBJECT #

AGE

SEX

WEIGHT

HEIGHT

FUNCTIONAL
REACH

BIDELTOID
BREADTH

BUTTOCK-
KNEE LENGTH

CHEST
CIRCUMFERENCE
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FORM # 6;: BISHOP AND CORLETT DISCOMFORT ASSESSMENT
SURYEY

A) How wonld you rate you general state of comfort right now? Circle the number next to
the most appropnate answer,

Extremely comfortable

Very comfortable

Comfortable | I
Average 0 1
Uncomfortable

Very uncomfortable

Extremely uncomfortable

DN b M b e D
b3
i
s
L
-

B) Mark the area(s) of your body that feel most uncomfortable. (The subject will be asked
to do this for the next most uncomfortable and so on until all body areas are ranked).
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Form # 7: BORG SCALE OF PERCEIVED EXERTION (RATINGS OF
PERCEIVED EXERTION, RPE)

How would you describe the work performed during the last welding task?
Circle the number that best fits this level of work.

6

7 Yery, very hght

8

9 Very light

10

11 Famrly light

12

13 Somewhat hard

14

15 Hard

16

17 Very hard

18

19 Very, very hard

20
Subject #
Trial #
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Form # 8: GENERAL PHOTQ RELEASE

A. Iagree to allow the National Institute for Occupational Safety and Health (NIOSH) to
photograph/ videotape me and use my photograph/ videotaped umage.

I hereby agree to allow my photographic image/ videotaped image to be used (withont my
name, both singly and in conjunction with other persons or objects) by the National
Institute for Occupational Safety and Health of the U.S, Department of Health and Human
Services.

B. NIOSH will use my photograph/ videotaped 1mage n a publication that other persons
are free to copy. I understand that this pubhication will be printed without copyright
protection and may be distributed free or sold.

C. No one will ever pay me for the use of this photograph/ videotaped 1mage. [ understand
that for the use of my photographic image/ videotaped mmage, I will receive na financial
compensation or payment of any kind from the United States Government or from any
agency of the Government or from any person making a copy of the government
publication now or at any time n the future,

Name

Signature

Address

Telephone
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APPENDIX 2: STUDY DESIGN! STATISTICAL ANALYSIS
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As mentioned, a 2X2 factonal design with replicated repeat measures was used for this
study The order of treatments presented to each subject was determined erther by
repeated Latin squares or by randomization (2 subjects only) Specifically, for Subjects 1
and II, V and VI, VIT and VIIL, and IX and X, treatments were ordered according to four
separate 4X4 Latin Squares whule the treatments for Subyjects IT and TV were ordered
randomly Due to experimenial 1ssues, Subyect VIII was dropped from further analysis and
the resulting groups to be analyzed ncluded three complete Latin Squares, one incomplete
Latin square, and two randomly ordered subjects EM{ data was collected for subjects I
through IX only and involved specialized signal processing and statistical treatments,

which are discussed in EMG portions of the Methods and Results sections of this report

The Latin square design was used i 1hig case to address the possible order effect of
fs;tlgue In the statistical analysis of this kind of design, the effect of treatment sequence
can be removed, if it 15 found to be insignificant  Thus, as the first step in analyzing the
results of this study, ANOV As were performed on the six subjects ordered by complete
Latin squares to deternune if the effect of order was significant Based on the results
provided in Takle A2-1a, 1t was determuined that the effect of crder was generally not
significant ANOVAs were then performed on the three remaimng subjects winch included
Subjects 111 and IV, whose treatments had been randemly ordered, and Subject VII, who
represented an incomplete Latin square The results of these ANOVAs, which did not
consider order eflects, are also given in Table A2-1a After using an F-test to check for

homogeneity of variance, the results of these first two analyses (based on six and three
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subjects, respectively) were then combined to preduce an estimated difference and a
standard error with specified degrees of freedom These estimates were then compared 1o
estimates produced when all mne subjects were analyzed by another series of ANOVAs
which did not consider the effect of order Based on this comparnison, which 1s provided m
Table A2-1b, the analysis using the full nine subjects was determined to be statistically
valid and was thus used for the overall report Additionat ANOV As were then performed
to determine the effect of sulmect covanates that had been suggested by post-hoe
correlation analyses, and the results of these analyses are provided in Table A2- 2 Fmally,
data that could be considered to be discrete in nature were also analyzed usmg Friedman

Cht Squares, and the results of these analyses are provided in Table A2- 3.



Table A2-14: Comparisan of Statistical Analyses

]

Analysis of Analysis of Subjects Analysis of
Subjects with Randomly- Combned
Ordered by | Ordered Treatments, | Subjects
Complete and an Incomplete (cited 1n
Latin Latin Square report) |
Sguares (Subjects ITI, TV, VII)
{Subjects I,
o, v, VI, IX,
Measure X)
p-valuey value pevalues ‘ﬁ
Hcal’t Rﬂte Sub_jec! ao13 0548 001
Process ek 8254 2430 73gs
VEFIMX We]
Ventilafinn 935 3133 sl
{narmae! veraus
protatype)
Procexs® 5348 1859 MY
Ventdairon
Treatment Qrder | 350 — _— N
Percent of | Subject e 415 w1
Maximum | poooer 7493 2246 8852
Aerobic
Capacity Vet laton 8347 2852 3125
Proceyst 5990 1714 3035
Fentiloron
Freatment Order | 5393 _— —
RFPE Subject o goal o001
Process 0011 0001 aval
Fenttlutrion a110 07 3453
Procuss® RIS 2307 3064
bernilation
Treatmenyt Order | ™72 — _—




— e
i Table Ad-ta: Comparizen of Statistical Analyses
Analysis of Analysis of Subjects Analyses of
Subjects with Randomly- Combined
Ordered b Ordered Treatmenis, | Subjects
Y J
Complete and an Incomplete (cited m
P P
Latin Latin Square r¢port)
Squares (Subjects I11, IV, VII)
(Subjects I,
o, v, VL, IX,
Measure X)
p-values p-valuey p-values
Subpect 0006 0081 o001
Process o315 1506 oU7E

DAS-

General Ventiladion IR6d 3300 338
Process* S365 180K 2423
venfilalion
freatiment Order | 1794 -— _—

DAS' S"b-m‘-_z Q012 o1 0001

Number Process 17 6011 2655
Ventilafion §763 ! w242
PFUCﬁS* AT 1 G424k
Vendtlation
Treadment Qrder | ¥ I _—

DAS' Sub_.l'ﬂf W07 0001 1§ 11]]

Specific Fravess 1924 7564 1626
Ventilation LIRS 647 il
Process [ Ersd 3745 sE05
Ientilmtion
Treatment Order | 336 — ——

Tersonal Subyect 3047 - vzsT

Particulate | pcony - - 0745
Ventrlatton a2 D282
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Table A2-1a; Comparisan of Statistical Analyses

Analysis of Analysis of Subjects Analysis of
Subjects with Randomly- Combined
Ordered by Ordered Treatments, | Subjects
Complete and an Incomplete (cited m
Latmn Latin Square report)
Squares (Subjects L1, 1V, VII)
(Subjects I,
LV, VI, IX,
Measure X)
p-yalues p-values p-values
Process* _ 7024
Ventidution
Treatmient Order | 5571 — —
Weld Sabrect 2556 3065 3689
Quality*® Process am 0001 XK
Ventilahon 2168 4049 §71d
Process BET2 549303 THG2
* does not
include subjects 1 | Verfilenion
and 2
Treatnrent Order | 133° — =
wWeld Subrect 0l 5433 ol
Efficiency Process oLo 5902 035
Ventilation 175t 2411 0621
Process® 03k4 g3 o073
Fenulation
Treatment Order | #4135 _— _—
Arc_tlme Sﬂbj{.’f.‘f 237 8024 21
Process 0046 116 0115
Teenizlation 2359 D36 5511
Process* 2126 1318 1958
Feniidatron

Treatment Order

3%y




Table A2-1a: Comparison of Statistical Analyses

Analysis of

Analysis of Subjects

Analysis of

Subjects with Randomly- Combmed
Ordered by | Ordered Treatments, | Subjects
Complefe and an Incomplete (cited n
ELatin Latin Square report)
Squares {Subjects I, TV, VII)
{Subjects I,
I, ¥, VI, IX,
Measure X)
p-values p-values p-values
Number of | Subject 2078 0238 fen?
Breaks Process X126 Ot oo
Fentilation KL 2303 BRE9
Process * 1530 4369 5495
Fennlatian
Treatment Qrder | 3314 _ _—
Meaﬂ Sﬂbjﬂﬂ QoHn K20 L)1)
Break Process 0081 o 000l
Time
Venfilaion 1,47 A 0302 S]]
Process® el 3515 4743
Ventrlation
Treatment Order | % — _—
Total Weld | Sudyect ool 3634 i
Time Process Q0H a7 002
Ifenldd.twn ool 4371 07127
Process * 1060 RGeS 0115
lentilatron
Treatment Order | 258 — —
=

A2-7




Fable A2- 1b: &ﬂiﬁflﬂ&ﬁﬁﬂ for Combining Subiects

Combmed Estimates from
Complete Latin Squares,
Incomplete Latin Square
and Randomized Trals

Estimates Based on
Combimed Subjects

Student's T | Standavd Deprecs nf Student'a T | Standord Degrens nf
HExtmmated Error of Freedom, Estumated Errur of Freedom ,
Inffercnec Estimated dF iMffcrence Latimoted dF
Measure Comparison fTerence Difference
Type
RPE Process 106 18 23 106 15 17
fulralk worsus
wire}
DAS- Process £ 37 17 20 42 15 38
General
Weld Process R 15 30 50 157 39
Quality
Weld Provess 219 a8 = 114 o7 ag
Efﬁmency Venttlaiia 177 a8 l:] 18T a7 3%
R {normal
FETSLUS
protoiype}
Al‘ctlme Process Ul 44 RT75 P RS k2B a8
NllmbEl‘ Uf Procesy 147 34 bl 1730 4 AR
Breaks
MEaI’I Process 1015 104 I 1014 1 0Q k1
Break 33 1oe 2l 43 102 30
iy dﬂ?ﬂﬂ 4 al i
Time Ment
it
T“ta] Procesy 2008 1090 .0 995 Lyt £t
Weld 1513 10 50 29 17 %0 [ 58 38
Tun Ventdano
¢ I




Table A2- 2: Additional ANOVA’s: Between Subject Yariance Analysis
Condifion Varahles

Subyect Vanables

Provesy Vendi- Process | Ileipht Weight | Dk Duttock | Months | Weld
ladan L Deltold -Knee: oty Jah lass
Ventr- Dreadth Length
Intiun
I value p value p vilue p valie phyalue p value p value pyalue: pvalue
Measure
DAS 1979 8811 R763 . _ - - 8143 (004
Number
DAS- 2085 602 F508 — _ - - - o0l
Speafic
Weld a091 30031 4504 3789 ol 185 (1240 L _
Quality i
Weld (KHH 1267 a070 - - _ (W11 H1¥4] _
Efficiency i
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Table A2-3: Friedman Chi Squnre Analysis

Measure (verall Paired Differences of Average Ranks
Sigmificance
NS = normal vesitdation with stick welding
NW = parmal ventibatven with wire welding
VS = protofype ventilation with stck welding
VYW = prefvtype veniilation with ware welding
NS- V5- NS- NW- | NS- NW-
NW Yw YW Vs VS VW
Weld Quahty | p= 0336 114 157 09z 178 | -064 |-02¢
Ratings of p = 0351 144" |-100 |-144" | 100 044 10
Perceived
Exertion
(RPE}
DAS-General pP= 38645 082 |-056 |-061 083 0086 028
DAS-Number | p= B838% 011 -044 | -006 028 039 -0 17
§
DAS-Specific | p= 6519 011 |[-044 | 017 072 061 028

* significant at 10% level
" sigmificant at 15% level
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Figure A2-1; Procedure for denving the average percent of the total EMG signal power mn the 10-30
Hz frequency band (PP, 5}
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Figure A2-2: EMG AC Interference Test

Graphucal results for a test of possible interference between welding current and myopotentials. Two
expermental trials under wdentical conditions are shown with a third trial conducted under tLhese
conditions but with no welding current. There are no clear inlerference patterns evident in the
spectral density functien  (Spectral density functions are averaged over each one-second mtervals in
the trial) The notch at 60 Hz 1s due to notch filtering of the EMG signal at this frequency Median
frequencies of the averaged spectra are 127 Hz for trial 1, 126 Hz for tnal 2, and 132 Hz for the na
current trial These results were interpreted as evidence for neghgible interference from the welding

process.
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APPENDIX 3: PRELIMINARY VENTILATION STUDY
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The fresh awr diffusion venulation system (prototype vent tube) that was assessed dunng the
overall study was developed to mprove the efficiency of removing weld fumes from confined-
space weld areas Current methods employed 1n the participant shipyard included the use of an air
horn and an air ning to direct compressed air mto the confined space to remove weld fumes by
turbulent arr flow (See Ilustrations A3-1a, 1b and Wustrations A3-2a, 2b) Such methods may
not be effective for particularly long and narraw confined- spaces, such the honeycombs modeted
by this study This may be duc to a number of factors First, the device may not be able to create a
sufficient amount of turbulence far inside the space due to the fact that the veloaty of an air
device 18 approsamately only 10% of its face velocity at a distance equal to 30 diameters away
from the pressuce jet operung Secondly, air movement 1n such a confined-space may be impeded
by the welder's own body Finally, the air at the area of the weld arc 1s heated, creating a vertical
rismg plume of weld fumes with unknown velocity Smnce the weldung 1s performed m a confined
space (closed on five sides), the fume plume rises to the top restriction and the vertical movement
of the plume 15 changed inta a honzontal mevement away from the center of the plume This
herizontal movement at the top of the plume combined with the herizontal movement of air at the
base of the plume sets up a recirculating air mass around the weld (Johnston, 1999) Thus, for
these reasons, it was hypothesized that a more effective ventilation method would involve the
introduction of a sufficient volume and velocity of air into the area n front of the welder (at the
back of the confined space) to avercome the horizontal hack flow from the weld plume and to
remove the fume by a directional, diffused flow

Two alternative methods were then devised to accomplish these aims The first involved an air
nng covered with a diffusing matenal and placed at the back of the confined space The second
alternative method consisted of a vortex attached to a fresh air supply hose ( 35m * Sm) and a
mesh daffuser {See Illustrations A3-3a, 3b). This device was also placed at the back mnside of the
confined space and directed a combunation of compressed and cutside fresh air through and out of
the confingd space

The standard and alternative ventilation methods were then evaluated for thewr efficacy in
gualitatively removing a set volume of artificial smeke (as a weld fume substitute) from the
‘breathing zome' of welder mannequin positioned within the confined-space mock-up To do sq,
factonal compansons were arranged to evaluate the methods for varous combinations of
veniilation device positions (e g horn blowing m at 30 degrees from bottom), mannequin posture
( e g kneeling versus lying), and mannequin posttion (e g front, muddle, back of mock-up)
Qverall, the qualitative results of these tnals indicated that the alternative methods were more
¢ffective than the standard methods 1n terms of ‘mean time to breathing zone smoke clearance’
(See Figure A3-1a) and the posture of the mannequin was also found to have a substantial effect
on fume clearance (Sce Figure A3-1b). In addition, the following cbservations were made about
each mam method

A Horn

The air horn when tested in an open environment prodyced an output of 34-40klpm (1200 to
1400 cfm), using 2 8 klpm (100cfm) compressed air at 6 atm (90 ps1) When the air horn was used
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in the arca in front of the welder, a lughly turbulent area of re-circulation approximately 2 5 m
long was estabhished and the net effect was only 2 8 klpm (100 ¢fim) of air moving from the weld
chamber open end {equal to the amount of compressed air used)

Air King
Results from the air nng were simtar to that of the air horn

Awr Ring With Diffuser

Results from using the air nng inside of a diffuser bag showed improved smoke

removal from the weld area Ths 1s a result of ehimnating turbulent re-circulaben

The net flow rate of fresh air was stitl 2 8 klpm (100 cfin) or equivalent to compressed ar flow

Vortex arr mover inside diffuser bag with frash air tube

Results indicated that this methad was the most effective for cleanng smoke from m front of
welder because 1t ehminated turbulence and the recycling of the weld fumes within the confined
weld space even with a net flow rate of 3 1 klpm (110 ¢fim) Air velocities achieved (12 7 cm/s)
are considered low Higher flow rates can be achieved by using diffuser maternals with higher
permeability rates, and higher static pressure i the supply lines However addition of the fresh air
tube did not sigmficantly increase the net air flow from the space open end This1s posaible due
the restrictive nature of the diffuser bag Permeability of material used to make the diffuser bag is
estimated to be m the range of 10 1o 15 % open arca Future use of duffuser bags should be himuted
to matenals of known permeability Metallic Meshes and screens are commercially available with
open area ranging from ten to 80 %

Thus, hased on the results of this preliminary ventilation study, 1t was decided that the prototype
vortex vent tube showed promuse as an alternative ventilation device for confined-gpace welding
The effectiveness of this alternative device was then compared in the overall study to the standard
air horn, which was the most common ventilation method utilized for confined-space welding
tasks at the particpant shipyard
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Hlustration A3-1a Aur nng ventilation device {not assessed during
overall study)

DMustrahon A3-1b  Air ring being tested duning prelunmary
study
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Tilustration A3-2a Aar hom ventilation device, eventually assessed
dunng overall study

Ilustration A3-2b Aur horn bemng qualitatively tested during
prelumnary study
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Mustration A3-3a; Prototype Alternative Vennilation Device

Miustration A3-3b: Placement of device within mock-up
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Figure A3-1a: Prehminary Ventilation Test Results; Effect of Vent Device, Vent
Position
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APPENDIX 4: CONFINED-SPACE WELDING TASK ANALYSIS
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In order to understand the problems assocated with confined space welding, the task itself must
first be analyzed To this end, two mam confined-space welding processes that are used in ship
constructon and general industry wall first be described These include stick (otherwise known as
SMAW- Shielded Metal Arc Welding) and wire {otherwise known as GMAW - Gas Metal Arc
Welding or FCAW- Flux-Cored Arc Welding} Although both of these welding processes utilize
an electric arc to joit metals together at a temperature around 10,000 degrees F, each requires
dilferent techmiques and equipment

Stck Welding

Stick welding 15 & manual process that involves the skilled use of a flux-covered meta! electrode

held at the welding surface with an electrode holder The generalized stick welding task in a

confined space can be broken down mnto the followng elements

1) Select the proper amperage for the stick based on the application on scrap pieces

2) Enter confined space

3) Position body (whole body and posture) and supplies (e g electrode holder and cables, sticks,
chipper, wire brush, flashlight, cloth, and PPE—helmet, UV visor, gloves, half-mask
resparator) for the weld

4) Amtach the stick electrode to the holder

5} Wipe surface to be welded with ¢loth

6) Thp helmet visor up to sight the seam section to be welded (usually with a flashiight m dark or
confined spaces)

7) Flip visor down and strike the electrode tip hghtly on work surface to establish arc (BEGIN
ARC TIME})

8) Hold the electrode over the weld surface and guide the weld deposition at the proper
etectrode angles, arc length, and travel speed to establish a quality weld (END ARC TIME)

9) Replace weld stick when consumed

10) De-slag the weld with a chipper, wire brush

The welder first selects the amperage for the stick to ensure that the electrode will melt properly
This 15 done by performing test welds on scrap pieces and checking the weld quahty Burn-
through holes are visual cues that the amperage 15 too high, while little joint depth 15 a cue that the
amperage 15 too low This step 18 performed usually only once for each new weld applhcation and
1s not part of a welder’s typical daily tasks

Thus, the task normally begins when the welder positions thewr bady and their toals mside the
confined space to reach the area to be welded This requires dynanue strength to pull the weld
cables, which generally weigh a pound per foot and te carry a box of welding rods (10 te 50 lbs)
into the space, while 1 a constrained posture The welder then positions their body to be able to
effectively wicld the electrode holder over the seam to be welded Typical postures employed
depend on the extent of confinement as determuned by the physical dimensions of the space and
the anthropometry of the individual welder and often include lying on the stomach, lying on the
sie, or kneeling
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Once 1n positior, the welder then begins the actual stick welding task by stnking the electrode tip
hightly on the work surface Theoughout the penod in which the electric arc 1s established, known
as “ARC TIME”, the welder 1s required to support the weld stick and holder n a steady manner
at specified electrode angles (work angle and travel angle) to the surface while in a prone
posion Once more, the load 15 also supported while simultanecusly lowenng the stick as it 15
consumed m order to mamtain a constant arc length (distance from electrode tip to weld surface)
This reguires the “elevatton of the shoulder combined with flexion and abduction of the shoulder
Jotnt up t0 & range of 100 degrees” (Kadeforas et al, 1976) and static contraction of several
shoulder muscles, including the trapezis, deltoidus, supraspinatus, and the rhombordus, and back
muscles The weight of the holder/electrode and cablc depends on the size of the stick [n shipyard
construction, the stick 15 usually 16 * 25 mches long (2 lbs) and the total assembly weighs
approximately 10 1bs before the stick 15 consumed Thus, the static load supported by the welders
15 low to moderate in magmitude, however, it must be maintained with precision for extended
periods over the course of an eight hour shuft

The optimal electrode angles required for the task depend on the type of jont being made, e g ¢-
weld, butt-weld For instance, for a t-jomt the work angle (angle between the vertical piece and
the electrode) should be 45 degrees while the travel angle (angle between the electrode and the
normal to direction of travel) should be 15 degrees The proper arc length must also be
maintatned to ensure weld quahty This 1s typically requires the welder to keep the electrode tip
away from the weld surface a distance approximately equal to the diameter of the stick electrode,
which can range from 1/8 to ¥ inches All of these angles must be mamntamned 1n addition to
guding the weld electrode along a specitied weld travel path and mamtaimng a proper travel
speed while assurmung the weight of the electrode assembly

Thus, upon analysis, stick welding 1s a physically demanding and complex task, requiring not only
dynamic and static strength but alse skilled hand-eye coordination  Electrode angles and arc
length are generally determmed using the visual, auditory and haptic senses The most unportant
visual cue for weld performance that the welder uses 1s the appearance of the weld shape iiself A
quality weld will appear umform and slightly convex Wide welds are a visual cue to the welder
that their travel speed may be too slow (the weld 1s piling up) and/or that the arc length 1s too
long Thin welds, conversely, are an indication of possible fast travel and/or short arc length The
chiferentiation between speed and arc length as the cause of the poor weld shape s largely
determmed by auditory cues, other visual clues, and certan haptic clues For imnstance, an arc
length that 1s too Jong will produce a ‘coarse, uneven cracking sound’ while a short arc walk
produce a ‘soft buzzing noise’ (Connor, 1987} Once more, short arcs can be mdicated when the
electrode tip attaches to the weld surface or “feels’ drawn to the surface

Wire Welding

“Wire weldmg 15 a semu-automatic process 1n wiuch a continuous wire electrode is automatically
fed threugh a welding gun” (Connor, 1987) The generahzed task of wire welding can be broken
down mto the following ¢lements
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1) Select the proper wire feed speed (amperage) and voltage for the application on scrap pieces

2} Enter confined space

3) Positon body (whole body and posture) and supphies (e g weld gun and cables, chupper, ware
brush, flashlight, ¢loth, and PPE- helmet, UV vigor, gloves, half-mask respirator) [or the weld

4} Wipe the surface 10 be welded with a cloth

5) Flip helmet visor up to sight the seam section 1o be welded (usually with a flashlight in dark or
confined spaces)

6} Fhip visar down and establisk the ar¢ by helding the gun near the workpece and depressing
the tngger (BEGIN ARC TIME)

7} Hold the gun over the weld surface and guide the weld deposition at the proper electrode
angles, gun manipulations, electrode “stick out’, and travel speed to establish & quality weld
(END ARC TIME)

8} *De-slag the weld with a chipper, wire brysh ( *not required with GMAW)

The first step in wire welding mvolves selecting the proper wire feed speed and voltage for the
apphecation on scrap peces As in the case of stick welding, this requires that the weld quahty of
test seams be rated, and this step typically 15 not repeated m a welder’s work day for the same
weld job To actually begin the weld task, the welder must position themselves in the éonfined
space 1n a manner similar to that descnibed for stick welding However, with wire welding, the
welder 15 generally less burdened than 1n the case of sisck welding because the weld gun 15 hghter
(2-6 Ibs) and less awkward then the suck/ holder assembly Furthermore, once i position, the
welder simply has sight the seam and 1o position the gun close to the weld surface and pull the
tngger (no contact is required) to 1mtiate the electne arc

After the arc has been established (ARC TIME), the welder is required to support the weld gun at
specified electrode angles (work angle and travel angle) to the surface, 1n a manner smular to that
described for stick welding Apain, as wath stick welding, all of these angles and gun
mampulations must be maintamed n wire welding 0 addition to guding the wire electrode along
a specified weld trave) path and mamtaming a proper travel speed However, unlike the case in
stick welding, the welder does not have to continuously adjust the arc length because the wire s
being automaticaily fed as it 15 consumed Rather, m wire welding the welder must check the
amount of electrede stick-out and mampulaie the weld gun to create certamn patterns in the weld
as it 15 being deposited

“Electrode stick-out 15 the length of un-melted wire coming out of the contact tip of the welding
gun” {(Conner, 1987) and 1t effects the amperage drawn by the wire as well as the weld quality
Stick-out 15 a direct result of the wire feed speed and 1s not frequently adjusted duning the actual
weld task, but can be fine tuned f necded Spectal gun mampulations dependent on the type of
joint welded are also required 1n wire welding to produce quality weld joints For instance, in the
case of t-jomts, the wire tip should be moved 1n a senies of ovals as the weld seam 15 deposited
while n the case of butt-joints the wire tp should be moved n a “zig-zag® pattern Thus, on one
hand, wire welding may seem to require less static loading than stick welding due to the reduced
weight of the gun and because of the need to produce these slight movements However, on the
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other hand, wire welding may require mare static loading because 1t 1s more continuous than stick
welding This ts due to the fact that 1t does not have the ‘built 1n breaks’ that the change of weld
stick affords welders engaged n stick weldmg

Thus, although wire weldmg does not require the degree of skill that stick welding does, wire
welding 18 still a physically demanding and complex task inits own nght However, as in the case
af stick welding, there are a number of wisual, auditory, and haptic cues for weld performance that
are available to the welder For mstance, a fast iravel specd will produce a thin bead and will be
accompanied by “popping sounds as the wire comes 1nto contact with the cold metal just ahead of
the weld puddle” Tn additon, auditory cues can also indicate the need to alter “stick-out’ as a
gopd wire speed should sound ke ‘bacon frying’
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APPENDIX 5: ADDITIONAL AIR SAMPLING ANALYSIS INFORMATION
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DATA hr—al May 10, 1999

LANDLATORINS IKE

RE Seq 9181-CB
A SORENSO™ COMPANY Giravimetric

ANALYTICAL REFORT
SUBMITTED TO Steve Wurzelbacker
SUBMITTED BY Robert L. Quigley
REFERENCE DATA

Analysis of Total Weight

ProjectI D No ECTB-99-849Q

Semple Type PVC Filter

Samples 71 Analyses 7]

DataChem Leboratory Nos 09N 144 through S5NG4214

The above nimbered samples were analyzed for total weight by gravimeinc analysis foflowing the NMAM-Method
0500 (4th ED ) wiih the following modifications 1) The fillers and backup pads are stored 1 an environmentally controlled
roam {213 C and 50+ 5% R H ) and are subjecied to the room condigions for at feast two hours for stabihzatian prior to tare
and gross weighing and 2) Two weighings of the tare weighi and the pross weight are purformed  The averages of the
weighings are used for the total weight analysis

The total weight of each sample was determnined by weighimg the sample plus the filter on en electrobalance and
sishtracting the previousiy datermined tare waight of the filter  Sempie values less than LOD are reported as not detected
(NI} Totst weight values Jess than the LOD vall be included m the report it the sample comments section and are for
mformational purposes anly

The reported valuss have not been field blank corrected

The instrumental precasion af the mucrabalance 15 0 001 mg  The methed allowable difference between ™wo
weighings of a filter 15 0 01 mg  Due to ~ anable factors such es overloading, hygroscopieity of sample, and the physical
integrity of the filter iself, the actual precision can be cotsiderably poerer and occasional shight net negauve weights may be
expected  Studies on the physical mtegrary of vanous PVC filters have shown that the weight of the filter may vary by 002
mg Because of this factor, the LOD for thas report 1s 0 02 mg

All of the samples 1n this set except 99N04 148, JINOQ4 149, SINDA1E1, FINDL165, FINDO4165, 99N04179,
9ON04189, and 99N04202 had sample we:ght values that exceeded the method recommended maximum sample weight of

Img
Results are tabulated an the following page(s)
~ S A T Q.
ert L Quigley /
Analyst
S Ward
CORPORATE QFFICE

CINCINNATI LABORATORY NOVATE OFFICE SALT LAKE CITY LABDEATORY EALTIMORE QFFICE RICHLAND OFFICE

§35E {bemddale Maltord Road 31 Sants Yorma Court S5 Wt Led o Drve 141 Juliet Lane = 203 VS ST NFT LT )

Canoannals Okn 452138 170 oy atp Calhioonia $494% Sy Lake O Lah 821252597 Bealtimore Wam iand 2123612 Ruchlang Wachumgiom $83314] Je
5137335330 FAX S1373H5N" 415 547 W71 FAM A15-BR3 S§68 £ 2667700 FAX A1 J6K-5692 410-520 367> FAX 410 529 525~ 500 943 5E~F FAX 209 B3 Sned
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== May 10, 1999

DATA - RE: Seg. 918i-CA

ICp

LARG R ATORIES MWK

A SORESSON COMPANY

ANALYTICAL EEFORT
SUBMITTED TO: Steve Hurzelbacker
SUBMITTED BY: Michelle Paradige
REFERENCE DATA:

Analysis of: Metals

Project I.D. No.t ECTB-95-84580

Sample Type: Filter

Sample({s)- 9 Analyses 2423

DataChem Laboratory Mo - O9N04135 through S9N041432

The above samples were prepared and analyzec accerding to NICSH Method 7300
((AM fouarth edition, B/15/94) modified for microwave digestion. Samples were
mrerowave digested with 10 ml of 1 I({v/v)} mitric scad. After digestion, samples
were diluted to 25 ml with ASTM Type Il water.

The samples were analyzed using a Therme Jarrell Ash ICAF €1-F anductively
coupled plasma emission spectrometer controlled by ThermoSper software. The
instrument and cperating conditions were as follows.

RF Generator: 2.5 KVA Crystal controlled,
Operating at 27.12 MEz wath
automatic power control and
automatic tuning.

Nebulizer: Cross-flow pneumatic, sample
supplied by a perastaltic pump.

Torch: Quartz.,

Spectrometer: 0.75 meter polychromator with 39
channels.

Optics: 0.75 meter Rowland Circle, Peshen-

Runge mount, 1510 or 2400
grooves/mm ruled grating at 500 nm

Argon Plasma Gas Flow Rate:  High flow.

Piasma Observation Height: 13 mm above load coil.
Hebulizer Gas Flow Rate 0.65 L/manute, mass contreoliled
CORPORATE OFFICE
CINCINNATT LABORATORY KOVATOOFFICE SALT LAKE CITY LABORATORY BALTIMORE OFFICE RICHLAND OFRICE
J3ES Clendale Wl kord Rosd 11 Samra yorma Courd S0 W pst Let o Danne W Iglred Lame 2203 152 weellyan Was
Cinapnan Ohe 45242 3706 hovats Calfarmia B4910 Salr Lake Crn 1,02h HIZRI54T Balnmare “amland 21336 120 Fuchland Wasdungror 997501110
$13. 7303336 FAX §13T3-5W" HTETRM FAN 415293909 601 2667700 FAM £01) 2689002 410-529 5675 FAX 410-59 5355 509 9912659 Fak v od 36N
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Radio Frequency Fower: 1150 watts.
Nunber of Exposures: 3 exposures.

Integration Time: 5 seconds.

The results have not heen field blank correcterd.

The lamits of detection and laimits of quantitation are as follows:

-ANALYTZE = IQR ua/faltexr —  IQ0 yg/filter
Alltminum 1. d.
Argenic 3. 8.
Beryllaum 0.01 B.04
Calecium 3. B.
Cadmaum 0.08 D.3
Cobalt 0.2 0.8
Chromium 0.5 2,
Coppexr 0.04d 0.3
Iron 0.8 3.
Lithium 0.03 0.08
Magnegium 0.5 2.
Manganese 0.01 D.04
Mol ybdenum G.3 1.
Mickel 0.8 2.
Lead D.5 2.
Fhesphorous 2. 4.
Flatinum 3. 8.
Selenium 2. 4.
Zilver 0.908 0.3
Scdium Z. 7.
Tellurium 0.8 2.
Thallzum 3. 8.
Tatanium 0.2 0.4
Vanadium 0.08 0.3
Tttraium 0.02 0.04
Zine 0.5 2.
Zairconium c.08 0.3

Results between the LOD and 1OQ are semi-quantitative.

Samples 99N04135 and P9R04139 were cdaluted due to high concentrations of Fe,
Mn, & Zn. Samples 55H04136 and 995M04142 were diluted due to high concentrations of
Fe, Li, Mn, & Zn and interferences with Ag, V, & Y. Sample 93N04140 was diluted due
to high concentrations of Fe, Li, Mn, & 2Zn and jinterfarences with Ag & V. Sample
G9M04141 was daluted due o hagh concentrations of Fe, Mn, Ha, & Zn and
inhterferences with Te. Theass samples were diluted and reported as follows:

95M04135 - 1O0x(Fe & Mn), 20x(2n}.

89N04136 - 10x(Fe, Li, ¥n, Ag, V, & ¥, 20x{2n),
BSNO4139 ~ 10x(Fe & Mn}, 20x(Zn).

9SN04140 ~ 10x(Fe, Li, Mn, Rg, & V), 20x{Zn).
98K04141 ~ 10x(Mn, Na, & Te), 50x(Fe & 2n}.

99N04142 ~ 1Dx(Fe, Li, Mn, Ag, & ¥}, 20x{V), 50xi{2n}.

The LODs end LOQs have been multiplied accordingly on the analytacal report, The
1LODs and LOQs have been raised for Co, Mo, and Ni due to anstrument anstabilaity for
these analytes.




The results are tabulated on the following page(s).

Michelle Paradise

et
ry 8§ wWard
Section Manager
Inorganic Chemistry
Bpectroscopy Section
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