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SUMMARY

On September 22, 1986, the National Institute for Occupational Safety and Health (NIOSH) received a requiest
from the Allied Indusinial Workers Union, Local 816 o mvestigate employee exposures to welding fiames, pamt,
asbestos and complaints of respiratory and other health problems among workers at the Four Wheel Drive
(FWDySeagrave manufacturing facility in Clintonville, Wisoonsin.

Based on mformation collected during a walk-through survey of the plant on Novernber 18-19, 1986, the NIOSH
mvestigators determined that a medical and mcustnal hygiene survey of welders and an industrial hygiene survey of the

asbestos brake shoe machining operation were indicated. These surveys were conducted from March 9 to March
12, 1987.

Personal sanples were collected near the breathing zone of 33 welders and analyzed gravimetnically for total dust
and analyzed by mductively coupled argon plasma-atomic emission spectroscopy for 28 metals. Total airbome
welding fume concentrations raneed from 0.7 milligrams per cubic meter of air (mg/M) 10 62 mg/M?. Two
samples exceeded the Oocupational Safity and Health Admimistration (OSHA) penmissible exposure imit (PEL) of
5mg/M’ and 11 were greater than 50% of the OSHA PEL. Nickel concentrations ranged from 0.001 t0 0.022
me/M; one sample exceeded the NIOSH recommended exposure limit (REL) of 0.015 mg/M* and 4 were
greater than 50% of the NIOSH REL. Silver was detected in | sample at a concentration of 0.015 mg/M which
exceeds the OSHA PEL of 0.01 mg/M". Production volurme during the survey was lower than usual,

Airbome asbestos m personal and area samples in the brake shoe machinmg area was below the analytical limit of

detection. Bulk samples of brake shoe shavings contamimating the floor and equipiment in that area contamed 1010
20 chrysotile asbestos.

A questionnae and spirometry were administered to 46 welders and 36 nonrwelding machine shop employess.
Welders had higher prevalences than controls for 10 out of 12 work-associated symptoms of mritation of the upper
and lower respiratory tract, and for two of these symptoms {eye imtation and throat mmitation) the differences between
welders and controls were statistically significant. Among welders who had ever smoked, there was a statistically
significant association between longer tenure as a welder at FWD and poorer perfommance on sprometric measures
of arflow (FEV1 and FEF 25-75) by multple regression analysis.
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Based on these results, the NIOSH investigators concluded that there was a health hazard from exposure to
welding firme at the Four Wheel Drive Corporation, and that a potential for significant exposure to asbestos exists in
the brake shoe machining area. Recomimendations for engineering controls to reduce exposure to welding fume and
to asbestos dust are mcluded m Section IX of this report.

KEYWORDS: SIC 3711 (Motor Vehicles), welding fume, nickel, sitver, ashestos, chromium
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INTRODUCTION

On September 12, 1986, The National Institute for Occupational Saféety and Health (NJOSH) recetved a request
fiom The Allied Industrial Workers Union, Local 816 to mvestigate exposures to welding fumes, paints, asbestos,
and complaints of respiratory and other health problems among workers at the Four Wheel Drive (FWD)Seagrave
manufacturng faclity n Clintorville, Wisconsin

NIOSH investigators conducted a walk-through survey of the plant on November 18-19, 1986. Basedon
observations made at that time, the NIOSH investigators made preliminary recommendations and reviewed these in
the interim letter dated December 8, 1986. On March 9-12, 1987, NIOSH conducted an industrial hygiene survey
and a medical evaluation of employees at Four Wheel Drive Corporation, Clintonville, Wisconsin. On Apnil 20,
1987, a ketter was sent to workers who participated in the medical survey, notifying them of their own pulmonary
fimction test results. On July 27, 1987, the NIOSH investigators senit an interim letter to the company and union
officials srmmarzing the resuls of the environmental survey.

During the initial walk-through vist, sixteen welders were inferviewed mfonmally. Several of these workers reported
work-assoctated symptoms such as cough, sore throat and eye imitation, and nearly all expressed concem over
long-term effects of repeated expoaure to welding flime in areas they considered poory ventilated. Five full-tme
spray painters in the pamtbody shop were also interviewed. Some reported occasional eye imitation when using
urethane paints. None reported work-assoctted symipioms suggestive of excessive solvent exposure, and all wore
supplied-air respirators or half mask respirators equipped with an organic vapor cartridee while spray painting.

Copies of previous mvestigntions conducted by the US. Department of Labor, Gocupational Safety and Health
Administration (OSHA), Appleton Area Office during March 1985 and September 1986 were obtained from the
company and reviewed. Durmng the March 1985 inspection, personal air sumpkes for selected employees in the pant
and body shop indicated exposures exceeding the OSHA penmissible exposure limit (PEL) for cadmium (spray
painter), chromate (two spray painters and one body shop worker). nuisance dust (body shop worker), and lead
(body shop worker). Additionally. FWD was ctted for deficiencies in their respiratory protection program and
medical surveiliance program for kead-exposed workers. During the September 1986 OSHA mvestigation,
personal breathing zone air samples collected from four painters indicated exposures in excess of the OSHA PEL of
50 microerams per cubic meter (meg/M') for lead. One body shop worker was exposed to tofal nuisance dust in
excess of the OSHA PEL of 15 milligrams per cubic meter (mg/MY).

Resubts from sami-annual blood lead monitonng: of workers with potential lead exposure were retneved and
reviewed These mcluded blood lead tests from 27 enployees on December 10, 1985, and from 23 employees on
July 22, 1986. No blood lead level excoeded 20 micrograms
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per deailiter (meg/dl) (The OSHA action level is 40 meg/dl). An inquiry to the OSHA office which approves
laboratories for OSHA - mandated blood lead monitoring revealed, however, that in Decermber 1985, the test lab
was not approved, based on performance on quarterly proficiency tests. The lab was approved in July 1986. Itis
thus possible that true blood lead levels may have differed from the reported results n December.

Duning the mitial walk-through, a potential for hazardous exposure to asbestos duning a brake shoe machinmg
operation was observed. This potential hazard was described and recormmendations made regarding its abaternent
n the interim letters to the company dated Decermber 8, 1986 and July 27, 1987.

Based on mformation obtained during the walk-through visit and other mformation gathered, 1t was decided to
oonduct a medical and mdustrial hygiene survey focusing on welding operations and an industrial hygiene
assessiment of the brake shoe machining operation at the FWD/Seagrave manufacturing facility.

BACKGROUND
A Plnt Production and Workforee:

FWD Corporation manufactures heavy duty, mudtiple-axke dnive trucks and firetrucks at the FWD/Seagrave
facility in Clintonville, Wisconsin: Four hundred and thirty-five persons were employed there at the time of
our initial visit, 313 of these being union shop amployees. Major processes at the plant mchude machinng of
purchased forped and cast metal parts, cutting and slamping of sheet metad, welding of vanous frame and
body assemblies, panting, and firnd assembly.

B.  Process Descption and Employee Dutics:
Most welding operations oocur in three departrments: fabrcation (32 welders), cab assembly (8 welders),
and ladder shop (13 welders). Most welding is MIG welding (metal mert gas) on mild steel, with some
galvaneal, stamless stee! and aluminum also being welded. A small amount of SMA (shielded metal arc, or
"stick"") welding is also done in the fabrication department. Six welders work in other areas of the plant
(mostly assenrbly), meluding two part-time welders m the machme shop.

C.  Engmesring Contols:

Local exhaust vertilation (LEV) systems were available at some welding stations m the fabrication
departrment, but these were not used routinely.
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V.

EVALUATION DESIGN AND METHOD

A

Ervirormmental

Alr samples for welding fumes were collected on pre-weighed polyvinyl chloride (PVC) filters. Personal
samples were collected by placing the filter cassettes near the breathing-zone of the workers. The filter media
were connected via tygon tubing to battery operated sampling pumps operating at an air flow rate of 1.5 bers
per minute (LPM). The pre-weighed PVC filters were analyzed gravimetrically for total dust and were
analyzed via inductively coupled argon plasma-atomic emission spectroscopy (ICP-AES) according to
NIOSH Method No. 7300', a technique that provides for the simultaneous analysis of 28 metals of
toxioological mmportance. A list of these elements and their comesponding analytical limits of detection is
presented in Table 1.

Sampling for asbestos was conducted at the brake shoe operation to evaluate employee exposures to
airbome asbestos fibers. Personal samples were collected near the breathing zone of the employee
responsible for assembling brake shoes and general area air samples were collected in an area where
employees were likely to enter. Both personal and general area air samples were collected on AA 25
millimeter filters connected via tygon tubing to battery powered smmpling pumps operating at 3.0 (LPM). All
asbestos samples were anatyzed via phase contrast microsoopy according to NIOSH method #7400
Additionally, a bulk matenial sumple of shavings from the brake shoe pads was collected and analyzed via

polarzed hight microscopy.
Medical:

A structured questionnaire and a spirometry test (a type of lung function test) were administered to study
participants. The questionnaire was administered by NIOSH mterviewers, and contained questions about
respiratory and other symptoims, smoking history, demographic variables, and cocupational history. The
respiratory symptom portion of the questionnaire was a modified version of one used m previous NIOSH
studies? For the purpose of this report, a symptom which a worker indicated to be "better on days away
from work” 15 referred to as a "work-associated symptom.”

Spirometry was measured with an Ohio Medical Instnaments Model 822 dry-rolling seal spirometer
connected to a Spirotech dedicated computer. The following sprometric measurements were recorded for
each participant: the foroed vitad capacity (FVC), the forced expiratory vohume m 1 second (FEV1),
FEVI/FVC ratio (FEV I/FVCY%), and the FEF 25-75%. For a detalled explanation of the mterpretation
of mdvidual sprometry results, see Appendix A
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All current welders at the FWD/Seagrave facility, as determined by company personnel lists, wese mvited to
participate in the study. Cumrent machine shop employees who were not welders (two machine shop
employees performed welding on a part-time basis and are mcluded in the welding group) were used asa
comparison or "control” group for the welders. On the basis of the walk-throuch mspection, the machme
shop work environment was considered relatively free of respiratory imants, and it was assumed that
welders and machine shop workers would be similar in terms of other factors that might affect reporting of
SYmploims.

Forty-six current welders and 36 controls completed both the questionnaire and spirometry, and one
welder and one control completed the questionnaire, but declined spirometry. Participation rates were 80%
for welders and 95% for controls.

Six other workers who participated in the study are not included in the data anatysis. Two of these workers
worked in welding areas but were not themselves welders and four had been machine shop employees
when the initial list of study participants was created but had been transferred to other departments when the
study was perfonmed.

For each symptom a prevalence ratio, the proportion of welders reporting a symptom divided by the
proportion of controls reporting the same symptom, was calalated. The prevalence ratio was adjusted for
the proportion of current anokers in each group to compute a "smoking-adjusted prevalence ratio” (PR)
with a 95% confidence interval (95% CT), using the Mantel-Haenze] estimate and test-based method,
respectively.” For explinations of the prevalence ratio, smoking-adjusted prevalence ratio, and 95%
confidence mterval, see Appendix B.

For analysis. symptoms were grouped mto 4 categories: 1) lower respiratory tract imitative sympioirs; 2)
work-associated lower respiratory tract symptoins - 1.e., symptoms which improved on days away from
work: 3) work-associated mucous membrane imtation syrmptorns - symptoms related to imitation of the
eyes, nose, and throat that inproved on days away from work; 4) other work-associated symptorms-other
sympioims, “oonstiutioral” n mature, that improved on days away from work

To analyze the pulmorary function data. the sprrometry results of welders and controls were compared,
using t-ests and analysis of covariance”, and an assessment was made of whether, among welders,
pulmonary function was associated with the total time worked as a welder at FWD/Seagrave, using mutliple
Iincar regression” "Residual' spirometry values (observed minus predicted), rather than percent of predicted
values (observed/predicted times 100), for study participants were used throughout the analysis to adpst for
age and height (see Appendix C). Because previous studies have suggested that welding fume may affect
smokers and non-smokers differently, spirometry data were analyzed separately for ever-smokers and
rever-smokers.
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‘ V. EVALUATION CRITERIA
A Ervironmental Evaluation Crtena:

As a guide to the evaluation of the hazards posed by workplace exposures, NIOSH field staff employ
environmerttal evaluation criteria for assessment of a number of chemical and physical agents. These critenia
are intended to suggest levels of exposure to which most workers may be exposed up to 10 hours per day,
* 40 hours per week for a working lifetime withoutt experiencing adverse health effects. It is, however,
important to note that not all workers will be protected from adverse health effects if their exposures are
maintained below these levels. A small percentage may expenence adverse health effects because of

incividual susceptibility, a pre-existing medical condition, and/or a hypersensitivity (allergy).

In addition, soime hazardous substances may act in combination with other workplace exposures, the
general environiment, or with medications or personal habits of the worker to produce health effects even if
the occupational exposures are controlled at the levels set by the evaluation criterion. These combined effects
are often not considered in the evaluation critena. Also, some substances are absorbed by direct contact
with the skin and mucous membranes, and thus potentially increase the overall exposure. Finally, evahuation
criteria may change over the vears as new infonmation on the toxic eflects of an agent become available.

The primary sources of environmental evaluation cntena for the wordplace are: 1) NIOSH
Recommiended Exposure Limiits (RELs), 2) the American Conference of Govermimental Industrial
Hywenists (ACGIH) Threshold Lamit Values (TLVsY, and 3) the U.S. Department of

. Labor/Oocupational Safety and Health Administration (OSHA) occupational health standards. Offen, the

‘ NIOSH RELs and ACGIH TL Vs are lower than the comesponding OSHA standards. Both NIOSH
RELs and ACGIH TLVs usually are based on more recent infonmation than are the OSHA sandards. The
OSHA standards also may be required 1o take into acoount the feasibility of controlling exposures in various
midustries where the agents are used; the NIOSH RELS, by contrast, are based primarily on concems
relating to the prevention of oocupational disease. In evaluating the exposure levels and the recormmendations
for reducmg these levels found n this report, it should be noted that industry is required by the Ocaupational
Safety and Health Act of 1970 (29 USC 651, et seq.) to meet those levels specified by an OSHA standard.

A tme-weighted average (TWA) exposure refers to the average airbome concentration of a substance
during a nomal 8 to 10-hour workday. Some substances have recoimmended short-tenm exposure limits
(STEL) ox ceiling values which are intended to supplerment the TWA where there are recognized toxic
effects from high, short-enm exposures.
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Information on possible health effects of excessive exposure to welding furme and selected metals that may be
found in weldng flame are provided below

1.

b

Total Welkding fume, not otherwise classified™”

The health effects associated with exposure to welding ftames are dependant on the toxicity of
mdrvidual component metals. This classification applies to welding environments where
concentrations of toxic metals (Le., chromium, cadmium, zinc) are not n excess of their respective
exposure criteria. Usually in these situations the major componert of the fume 1s ron oxide or
aluminum oxide, depending on whether the base metal is carbon (mild) steel or alummum. Ogides of

these metals are considerad nuisance particulates based on ther Sg/M3 .

Chiomum™*?

Chromium compounds can act as allergens in some workers to cause dermatitis to exposed skin.
Aqute exposure to chromim dust and mist may cause irmtation of the eyes, nose and throat.
Chromium exists in chromates in one of three valence states 2+, 3+, and 6+, Chromium compounds
in the 3+ state are of a Jow order of toxicity. In the 6+ state, chromium coumpounds are imtants and
oconosive. This hexavalent form may be caréinogenic or non-carcnogenic depending on solubility.
The less-soluble fors are carcinogenic. Workers in the chromate-producing indusiry have been
reported o have an increased nisk of hung cancer. The known health hazards from excesstve
exposure 1o chromium welding flmes are denmatitis, uleeration and perforation of the nasal sepum,
rrrtation of the mucous membrancs of the karynx, pharynx. conjuctiva and chronic asthmatic bronchitis

Tron oxide flme ™

Inhalation of iron oxide fume or dust cawses an apparenty benign pneurmoconiosts tenmed siderosis.
Iron oxide alone does not cause fibrosis m the hungs of animals, and the same probably applies to
humans. Exposires of 6 to 10 years are usually considered necessary before changes recognizable
by x-ay can ooaur; the retaned dust gaves x-ray shadows that may be ndistinguashable from fibrotic
PIEUMOCOTIICSIS.

Nicke] 10
Metallic nicke] and certam sohubke nickel commpounds as dust or flime can cause sensitization resulting in

demmatits and/or asthima. Nickel fuime m high concentrations 1s a respiratory mtant. Nickel is
carcmogenic n annmals, and several epidamiologic studies have shown an increased ncidence of
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cancer of the paranasal smuses and ungs among workers i nickel refineries and factorics. Suspicion
of carcinogencity has been focused primanily on respirable particles of nickel, nickel subsulfide, nickel
oxide, and on nickel carbony! vapor.

5. Siver"

Inhalation or mgestion of soluble silver compounds over many years may case a generalized
bhash-black discoloration of the skin kmown asargyna. Sibver deposits (argyrosis), n the
conjunctiva, comea, and lens of the eye have also resulied from silver exposure, and decreased night
vision was reported by some affected workers, but no objective fimctional deficits could be
demonstrated.

B. Effeats of Arc Welding on Respirtory Symptoms and [ang Function

Previous studies have noted a vaniety of acute and chronic health problens associated with arc welding,
which have not clearly been attnbutable to any sinole metal fume or gas exposure, bt which may be related
1o the combined effects of different exposires areated by arc welding. Some metal frnes and gasses
generated by welding are respiratory imitants, and symptoims of eye, nose, and throat imitation as well as
cough, and phlegm production have been reparted by weelkders in association with their work shift
Welders have been reported to have an increased prevalence of chronic bronchitis,**!% Some studies
have also shown welders (o have lower pulimonary fuinction values than non-welders, including lower total
lung capacity (TLCY* and lower FVC and FEV1L'* However, it has not been possible to attribute
changes in pulmonary function to specific exposures, and not all studies have found lower pulmonary function
in welders.” Inaddition, 1t is not known whether changes in ung function associated with welding can, mthe
absence of smoking or other expostres, kead to clmically significant abnonmaliies n king finction. Exposures
encountered by welders vary with the type of welding process, the matenal welded, and the use of local
ventilation and persoral protective equipment. Therefore, 1 1s not possible to make reliable generalizations
about health effects of welding in all workplaces. Differences m exposures may explan why vanious studies
of welders have not produced consistent results.

V1. RESULTS AND DISCUSSION

A Ermvironmmerial:

Qualintive and quantitative aralyticad rewults for matals via ICP-AES and total welding flme via gravimetnic
analysis are presented i Table 2. These results show the presence of alurmimam, barmum, calenm, chromium,
0opper, oM., Magresium, manganese, molybdamm, nickel, sihver, titanium, and zinc. The range of arbome
concentratons for each of these metals are preserted along with therr comesponding environmental aritena.
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Individual air ssmpling results for the various departments are presertied in Tables 3 0 6. Environmenial
concentrations are provided for total welding flime, iron oxide, and for those other metals (nickel and silver)
that were present at concenitrations greater than 50%% of their respective most siringent occupational
exposure lmits. Additionally, results for total chromium are preserted to flustrate the fact that higher
concentrations of chromium are present in areas where welding of stamless steel was performed. The higher
concenirations are most likely attributable to chromiuam VI, a form of chromium that is present in stainkss
steel

Total welding flme levels ranged from 0.7 milligrams per cubic meter of air (g/M) 10 62 mg/M”.
One-third of the samples had quantities of total welding fiune greater than 50% of the ACGIH TLV and
OSHA PEL of 5mg/M", and two of these samples exceeded these arteria. Nickel concentrations ranged
from 0.001 10 0.022 mg/M*; | of the 33 samples exceeded the NIOSH REL of 0.015 mg/M* and 4 of 33
were greater than 50% of their most restrictive cocupational exposure limit, none exceeded the OSHA PEL
of 1.0mg/M'. Silver was detected on 1 of 33 samples at an airbome concentration of 0.015 mg/M*, which
exoeeded the OSHA PEL of 0.01 mg/M*. All other detected metals did not exceed any of the
environmental erteria

Some welding on stamless steel was conducted duning the collection of three samples. Total chromium m
these samples ranged from 0.023 to 0.051 mg/my'. Chromium concentrations were 0.010 mg/m' or kss in
all other ssmples.

Results of personal and general area air sumpling for ashestos in the brake shoe assembly area indicated that
arbome concentrations of asbestos were below the analytical limit of detection. However, a bulk sample of
matenal shavings from the brake shoe pads were collected and submitted for analysis. This bulk sample
showed that this material contained 10 - 207 chrysotile asbestos.

Medical

Table 7 surmmarizes a companson of welders and controls with respect to soctodemographic
charactenstics. The welders were sormewhat younger than the controls with 57.5% and 37.8%,
respectively, bemg 45 years old or less. A higher propostion of welders (8.5%) had more than 12 vears of
education compared with controls (2.74). Fewer welders (25.5%) than controls (40.5%) were current
smokers, but welders had a higher proportion of ever-smokers and more pack-vears of smoking. Confrols
had a slightly longer average kngth of employment at FWD. Among welders, the average number of years
welding was 20.1, and a high proportion of those years (17.7, on average) was spert welding at FWD
Corp. None of the controls had ever worked as a welder.

Table 8 shows a comparison of symptom froquencies in welders and controls, stratified by curent smoking
status, and the smoking-adjusted prevalence ratio for each symptom. Welders were slightly less likely than
controls to have a usual cough (PR =0.7,95% CI 0.5 - 1 2) or usual phlegm (PR =0.8,95% CI 05 - 1.4)
than controls. However, welders were more likely to report symptoms of chronic bronchitis (PR =2.7 95%
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Cl1=0.7-99). Asexpected, chronic bronchitis was more frequent among current smokers than aurment
noresmokers, but 14% of norrsmokang welders reported chronic bronchitis cormpared with none of the
norrsimoking controls. Welders were also more likely to report having had a chest illness that kept them
from their usual activities for as much as a week during the past three years (PR =3.6,95% C1 0.9 - 14.5).
Nore of these differences was statistically significant, as shown by the 95% confidence intervals, which
mclude 1.0.

Welders were more tikely than controls to report lower respiratory tract symptoms that improved on days
away from work. The PRs for this group of symptoims ranged from 1.2 for work-associated phlegm to 3.9
for work-associated dyspnea. Nore of these PRs differed significantly from 1.0.

Three work-associated mucous membrane imitation symploms were more cormimon in welders than in
controls, imespectve of smicking status. For eye-imation (PR =6.4, 95% C11.7 - 23.9) and throat
mmitation (PR =3.8,95% (1 1.0 - 14.3), the differences between welders and controls were stapistically
significant. Work-associated nasal congestion was also more frequent inwelders (PR =22, 95% C1 0.9 -
53).

Work-associated nausea and headaches were more frequent among welders than controls, and these
differences were accounted for by non-smokers. Work-associated fever was only reported by 2
workers, both welders.

Overall, the prevalence ratio exceeded 1.0 for 10 of these 12 work-associated symploms, although only
two of these elevated provalenee mtios were statistically sienificant.

The frequencies of symploms reported by welders in the fabrication, cab assambly, and ladder
departrments are shown in Table 9. For most symptoms, the lowest prevalences were reported by ladder
shop employees. This group also had the lowest proportion of smokers. Thirty-one percert of fabrication
department ermployees reparted symptoms of chronic bronchitis and thirty-eight percent reported
work-associated cough. None of the welders in the other two departments reported these symiptoins.

Results for spirometry test residuals (observed minus predicted) for welders and controls are summanized in
Table 10. As mdicated by the negative values of the residuals, current and ex-smokers had lower pulmonary
function than predicted for their age, height, race, and sex. Comparing ever-amoking welders to
ever-snoking controls, the weldars had lower residual spirometry results (greater negative deviation from
predicted) than controls for FEV 1, (FEVIFVC)Y% and FEF 25-75. However, the differences were
generally small and not statistically sigrificant. controlling for current smoking and pack-years smoked.
Amonge never-smokers, welders had lower spirometry residuals than controls for FEVL, FVC,
FEVIFVC%and FEF 25-75, and these differences were also not stapstically significant

Fewer welders than controls had abnommal spirometry accordmg to the criteria described m Appendix A
Three welders and four controls had obstructive abnommalities, one welder and three controls had restrictive
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abnonmalities, and one welder and one control had mixed (obstructive and restrictive) abnonmalitics. Al
subjects with abnonmal results were current or ex-smokers. The differences in the proportions of welders
and controls with various types of abnonmal test results were not statistically significant by Fisher's exact test

Table 11 surnmarizes the regression analysis of spirometry residuals (dependent vaniabkes) among welders m
tenms of the estimated regression coefticients (Bs) for years wortked as a welder at Four Wheel Drive
Corporation. These are estimated separately for ever-smokers and never-smokers. For ever-smokers, the
coefhicients are adjusted for curvent smoking status and pack-years smoked.

Among ever-simokers, there was a statistically significartt, mverse relationship between years worked as a
welder at FWD Corp. and the following resichal spirometry results: 1) residual FEV1 (observed FEV
minus predicted FEV1) (B = -36cc per year, 95% CI -56 - -16cc/year); 2) residual (FEVI/FVCY% (B=
-0.35% per year, 95% C1 0.68 - 0.04% per year); and 3) residual FEF 25-75 (8= -65cc/year, 95% Cl
111 - -19cc/year). The regression coefficient for years welding at Four Wheel Drive was negative, but not
sienificantly different from 0, when residual FVC was the dependant vanable. Figure 1 shows FEVI
residuals plotted agningt years worked as a welder at Four Wheel Drive for ever-smokang welders, and the
"best-fiting” line from the reltionsiip between those two vanables asjusted for smoking statts and
pack-years. Figure 2 showsa similar plot with (FEVI/FVC Y% on the y axis. From this plot, it is apparent
that the negative slope of the regression line for all observations is Lirgely due to 1 observation with 41 years
welding at FWD Corp. and (FEVI/FVC)Y% 34% less than prodicted. The regression line shown excluding
that "outlier” observation has a slope of 0.13% per year (95% of C1 0.44 - 0.18% per year).

Among welders who were never-simokers, there were no staistically significant associations between
spirometry residuals and vears worked as a welder at Four Wheel Drive, but all regression coefficients were

positive.

VIL DISCUSSION

A

Environmental:

It should be noted that duning the environmental survey of March 1987 conditions were not representative of
everyday operations. Prodiction rales were below nonnal, and the tack welder was not in use in the ladder
shop durmng the day sampling was conducted in that area. The tack welding operation was not vertilated
and could be a significant souree of metal flemes m that shop when operating,

Two of the metals detected. nickel and chromium, have NIOSH RELs that are relatively stringent
compared to other applicable emvironmental critena. Nickel compounds are considered by NIOSH to be
suspect carcmogens. Analyses of suples collected show the presence of nickel above the NIOSH REL.
The results of analyses for total chromium are all below the applicable environmental crtenia. However, the
analyses performmed do not distmeunsh between hexavakent chromium (chrommum VI) and other fooms of
chromum. In each instance where welding was conducted on stamless steel the amounts of chromium were
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considerably higher than in areas where stamless stee] was not used. This difference would most likety be
due to the presence of chromium VI which is commeonly found m stamless steel and 1s considered by
NIOSH to be a suspect human carcinogen.

Despite the fact that the brake shoe machining process was equipped with local exhaust vertilation, the
accumuilation of visible particulate material machined from the brake shoes was noted troughot the area.
This creates the potential for the spread of asbestos-containing materials to other areas of the plant. Also, the
worker observed in this area was not wearing appropriate personal protective equipment

Medicat

The medical survey was intended to assess any relationship between work as a welder at Four Wheel
Drve and respratory symptons and pulmonary function.

A higher proportion of welders than controls reported most of the symptoms surveyed, controliing for the
effect of smokang, The association between work as a welder and symptoms was especially consistent for
work-associated symploms. Althouigh elevated prevalence ratios were statistically significant for only two
work-associated symiptoims, ten of the 12 work-associated symptoims had prevalence ratios greater than
1.0 If'the "mue” frequencies of work-associated symptoims among welders and control workers under the
condions at FWD Corp. were equal one would expect, on average, 6 of the 12 prevalence ratios to
excend 1.0and 610 be kess than 1.0, The probability of 10 or miore symptoims occurming more frequently in
welders by chance 1 0.019 (exact binomial probability). Most of these work-associated symptoms are
suggestive of exposure to respiratory tract imitants. This finding 1s conststent with the known properties of
some cormponents of welding fiime and with symptoms reported by other workers exposed to welding
fume®

Symptons of chronic bronchitis were reported more often by welders than controls, though the difference
was not statistically significant. Chronic bronchitis is a known consequence of cigarette smoking'’, and may
be caused by repeated airway imitation by cigarette smioke. Chionic bronchitis symiptoms have been
associted with welding in other studies™ ™ and may be due to repeated exposure to respiratory initants
present n wekding fume.

Cough and chronic bronchitis appeared to be associated with work m the fabricatmg area. This may be
related to the finding of the highest levels of total welding fume exposure m this department during the survey.

Among ever-smoking welders there was an association between longer tenure as a welder at FWD Corp.
and poorer performance on sprometric measures of airflow (FEV1 and FE25-75). In this group, negative,
but non-sigruficant, regession coefhicients were also esturated for years welding at FWD oorp. when FVC
and (FEV I/FVCY% were the dependent vaniables (excluding 1 outlier from the (FEV1/FVC)% regression
analysis). Because of the lrmited battery of pulmonary function tests we could reasonably camry out maa field
setting we were unable to determine whether reduced hung volumes, reduced airflow, or both, accourted for
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the association observed between years of welding at Four Wheel Drive Corporation and lower spirometry
results (see Appendix A). We did not find a similar association between welding and pulmonary function
among never-smokers,

These findings suggest that past exposure of welding fusne at Four Wheel Drive Corp. and cigarette smoke
may have "mteracted" to cavse a combined adverse effect on pulmonary function which is greater than
expected from ther mdividual effects. This does not mean that smoking is the "cause” of the lower pulmonary
fimction seen among ever-smoking welders with longer duration of welding. The association between
pulmonary function and years welding at FWD Corp. was present after controlling for the effedts of smolang
in the group of ever smokers. The apparent interaction between cigarette smoke and welding observed in
this study is consistert with some other studies.'*'®

More controls than welders had abnonmal spirometry results, but the numbers of abnonmal results were
small, and this observation 1s consistent with a chance finding. Our study was not designed to attribute a
cause to any individual test resudt and focused only on group comparisons.

Several limitations of our srvey nexd to be mentioned. This was a cross-sectional study of currently
employed welders. Since workers who develop adverse health effects from weldmg may be more likely to
change jobs, observations limited to cuarent workers may underestimite the adverse effects of welding,
Sucha study cannot directly measure changes in health duc to an exposure, because individunls are only
studied once. No ever-simoking welders with between 9 and 18 years of tenure at FWD Corp. were
available for testing, nor were historical data on welding fiane exposure available. Therefore, the relatve
effect of past versus more recent welding flnme exposure on kg fimetion cannot be assessed

CONCLUSIONS

Employees working in the fabnication area (departiment #02) were exposed to concentrations of total
weldmg fume m excess of the ACGIH TLV and the OSHA PEL and to conoentrations of nickel and silver
inexcess of the NIOSH REL and OSHA PEL, respectively.

Welders at Four Wheel Drive aurently report more work-associated symptoms of mmitation of the muoous
mernbranes of the eye, nose, throat and lower respiratory tract and have a higher prevalence of chronic
bronchitis syiptorms than do non-welding workers, and these symptoims are likely to be caused by
exoassve exposLre to welding fuine.

Duration of work as a welder at Four Wheel Drve Corporation was associated with lower values of
FEVI and FEF 25-75 among ever-simokers. This finding suggests that the cumulative effect of past
exposure to weldng fumes, under conditions at this facility, have interacted with cigarette smokang to cause a
docrease m those hing function tests.

Environmental measurements suggested a potential for significant exposures to chromium VI duning stamless
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steel weldmg, Observations suggested a potential for significant exposures to asbestos m the brake shoe
assembly area

RECOMMENDATIONS

The following reccimmendations were discussed with representatives of the management and the union duning the
closing conférence on March 12, 1987. These recommendations should be implernented if they have not already
been completed.

1.

o

General and Jocal exhaust vertilation (LEV) systems should be installed in all welding departments to reduce
the levels of motal flame.

Since welding and ather flme-producing operations are routinely perfomed in the cab assembly area

(dept #03), the fabrication area (dept. #02). and the ladder shop (dept. #04), exhaust ventilation should be
wsed to remove matal flames. Ideally, fively moveable fiame hoods with flexible ducting should be used which
would allow the welder to position the hood as close as practicable to the piece being welded.

AnLEV system should be mstalled in the kadder shop at the tack welding operation. Ths type system could
be easily installed and would significantly roduce airbome conoentrations of mctal ftmmes when this operation
5 NIy

Local exbaust ventilation (LEV) systems of the type discussed above were available at the welding booths m
the fabrication area (dept. #02) however, these systems were old and were not being used during the time of
our survey. These systems should be repatred or replaced as necessary, and ermployees should be
mstructed I the correct usage of these systems and encouraged to use the systems.

Portable LEV systerns should be used when welding or cutting in confined areas, such as nside cabs. In
non-oonfined areas LEV systerns should be used, particulady when working with stainless steel, a primary
source of carcinogenic hexavalent chromium (Cr VI), nickel, and other toxic metals. Whenusmg LEV
systems, the hood should be placed as close as practical to the arc site. Provisions should be made to ensure

* that welding fuimes of the toxic metals are not exhausted into an area where other workers are present.

Additionally. make-up air for confined spaces where LEV systetns are used should be clean.

In sitietions where the use of LEV svaies is impracticil. workers should be provided with appropriate
respiratory protection. Suppliod air respirators are required in confined spaces in the absence of sufficient
contammnant removal andior make-up air. Thiss type of respirator should also be used when welding on
stamless steal m non-oontined work e where use of an LEV system is nmpractical

Those workers welding for prolonged penods of time m one location should use a fan or LEV system to
prevent fumes from entermg histher breathing zone.
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10.

11.

14.

1.

Welding aurtains should be purchased and used as much as possible to minmize ultraviolet (UV) radiation
exposure of other workers i the area.

All welding and cutting operations should cormply with the requirerments outlined in the General Industry
Occupational Safety and Health Standards, OSHA (29 CFR 1910.252)

The asbestos brake shoe area should be isolated from other areas of the facility to prevent the spread of
asbestos fibers.

All accumulated asbestos fibers in the brake shoe areas should be cleaned up using appropriate
procedures and a regular housckeeping schedule should be implemented to prevent future acamulation of
ashestos containing materials.

The removal of accumulated asbestos fibers in the brake shoe area should be accomplished by the use ofa
vaaum systerm, dry sweeping techniques should not be used. Ideally, a central vacuum system equipped
with a high efhciency particulite air (HEPA) filter should be instafled. A portable vacuum system equipped
with a HEPA fiter could be used as an altemative to the installation of a oentral vacium systam. Vacum
"collectors” should be emptied and their contents disposed of using appropriate procedures.

Appropriate protective coveralls should be provided and wom by employees working on the brake shoe
machining operation or clean-up of that arca. These should be laundered or disposed of property,
depending on the type used.

Until effective engineening controls are mstalked, the use of an appropnate respirator should be required and
enforced.

When the nstallation of engineering controls is completed, the areas should be monitored for aitbome
concentrations of total welding flnne, chromitam VI, nickel and other metal flrmes i all welding areas and for
asbestos at the brake shoe operation to detenmine the effectiveness of these controls.

The present respirator program should be thoroughly reviewed and updated to ensure that the respirator
program is in compliance with all requarements of 29 CFR 1910.134.

The present program for blood kead monitoring should be reviewed to ensure that 1t is m compliance with all
requirernents of 29 CFR 1910.1023," inchuding the use of an OSHA-approved laboratory to perfonn the
blood lead measurements.
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Table |

Elements Analyzed by ICP-AES and Their Cormesponding

Aralytical Limits of Detection
Four Wheel Dave Corporation
Clintonville, Wisoonsm
HETA 86-524
Analytical Limit of Ditection
Elament (micrograms per sanple)
Alnmrum 10
Artimcaty 10
Arsenic 50
Boron 10
Barn 1.0
Bayllium 1.0
Caleum 50
Caim ' 1.0
Cobalt 1.0
Chromium 1.0
Copper .10
Iron , 1.0
. Lanthomum 50
Magresium 10
Manganese 10
Molybdenum 10
Nickel 1.0
Lead 25
Selamum 10
Sihur 25
Tn 10
Telhmen 10
Tralem 10
Tomen 10
Varadnm 10
Ymum 1.0
7 1.0
Zvonium 10

Nate: 1000 micrograms = 1 millioram
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Substance
(Metal)
Total welding fime
Almm
Barman
Calcium
Chromnium
Copper
Iron
Magnesuim
Manganese
Molybdenum
Nickel
Siiver
Tewmim

Zc

Table 2
Metals detected on personal breathing zone air samples
Four Wheel Drive Corporation
Clrtormville, Wisoonsin
HETA 86-524
March9- 12,1987

Range Number of samples NIOSH ACGH

(mgM) detected on REL TLV
meMY)  (mgM)

07 -62 3333 5
0017-016 9733 5
0.001 -0.005 33 0.5
0.011-022 32733 2
0.002 - 0.051 21733 * 0.5
0.003-0022 32733 02
0.17 -26 3333 5
0.003 - 0.063 3233 10
0014 -044 3333 1
0.002-0.010 16/33 5
0.001 -0022 17733 0015 1
0015 1733 0.1
0.091 133 10
0.003-12 3333 5 5

C - anemployee's exposure shall at no time exoeed the cetling vahe
*The NIOSH RELS for chromium compounds distinguishes chromium (V1) compounds which are carcinogenic (REL 0001 mg/m')
and chromium (V1) compounds which are non-carcinogenic (REL 0.025 mg/m'). These RELS are not applicable for total

chromium, which was measured in this study.

OSHA
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Tabke 3
Persoral air sampling results for Wekding Fumes in Department #03
Four Whee! Drive Comporation
Clrzonvifke, Wieoomsin
HETA 86-524
March - 12, 1987

__Enviroament Concertraion (mgM')
Dute Joby (type stecl) Savphe T Suvphe Vohme Totul Tox Iron Nickel Siher
(Mmimaes) (lners) Wekding Chromitan Onae ’
Fue
3R Cab asanbly (stunkes) 436 654 R 0.029 083 0.010* ND
JORT  Cabusambly (mikl mihvaad) 431 646 22 0.006 0.70 0.002 ND
JORT  Roof bl (mikd gl 428 42 24 0.005 0.83 0.002 ND
JWRT  Cobasanbly (mild, gibvanct) 425 638 14 ND 0.33 ND ND
30987 Cibasenbly, sike paned (mikd gabvanca)) 430 645 14 0.002 043 ND ND
V987 Cabasambly (mikd, gahancal) 424 636 26* 0.004 0.85 ND ND
J0BT Mix. 415 622 32* 0.005 1.5 0.002 ND
987 Mo 414 621 30* 0.004 0.76 ND ND
ENVIRONMENTAL CRITERIA NIOSH REL - — 0.015 -
ACGIHTLYV 5 5 0.1 0.1
OSHA PEL 5 10 1 0.01

* - geater fan SO of the mot stngert occupanonsl antera for this substinee
ND - not detected
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Duate Job (type stxl)

Y1087 Frow e (mild)

IJ10X7  Frone e (mik)

31087 Frane e (mikd)

Riatiny Booth 15 (gibvanend)

V1087 Booth Y(zivimc)

VIORT  Booth hmmum)

1087 Booth 1 (hanuan, bres)
0T Frone e (g ancl stunkess)
0R7 Frame le guild)

YI0RT  Booth 2, stck wekding
087 " (k] ghanead, stimkes)
31087 Booth 12, sack wekdmg (niikd)
08T Nextio Bood: 12 (gilvancal)

ENVIRONMENTAL CRITERIA

Tabk 4

Persoral air sanpiing resuls for Welding Fumies i Doparment #02
Four Whee! Drive Coporistion
Clasorville, Wiroonsm

Sampke Tone
(minutes)

475
00
470
463
453
455
450
440

185
285
441
437

* - greater dun V6 of e most sringent ccageona artenia for diis

substince
-excoaks sringenit oocugxmonal crteria for s subetinee
ND - not detected

HETA 86-524

Murch 9- 12, 1987

Snpk Vohoe
()

712
450
708
[
080
0632
675
669
672
232
428
662
650

NIOSH REL
ACGIHTLV
OSHA PEL

Envimoomenty Concentrtion (meM')

Toul
Wekfing

Fuane

39*
34
560
6.2%*
22
1.8
19
22
33+
1.7
4.5
21
31

Totl
Chrumim

0.004
0.008
0.007
0.004
0.004
0.005
0.003
0.051
0.010
ND

0.023
(.004
0.008

fron
Oxik

1]
11
26*
079
060
029
0.25
0.79
14
069
1.5
0.60
090

Stemost **
10

Nickel Sitver

0.002 ND
0.008* ND
0.003 ND
0.002 ND
0.002 ND
0.002 ND
0.001 0.015%=
0.022% ND
0.003 ND
ND ND
0.008* ND
0.005 ND
0.005 ND
0015 -

HWBUI0007321



Tabke 5
Personal air sampling resuhs for Weking Fumes n Deparmment #04
Four Wheel Drve Corporation
Clrwcanvilke, Wioonsin
HETA 80-524
March 9 - 12, 1987

Envimrmmestal Concontrtion (mgM)

Dute Job (rye stecl) Semple Tene Sovple Vohene Totd Total fron Nickel Sihver
(Iminens) (lners) Welding Chianam Oxick
Fune

N7 Laddor dhop (nikd) 481 2L, 07 ND 021 ND ND
VN7 Ladder shop (mild) 478 717 1.0 ND 0.31 ND ND
N7 Laxddor shop amikd) 475 712 1.7 ND 0.55 ND ND
YNAT Ladder shop (mikd) 470 705 10 ND 0.28 ND ND
VURT  Ladder dhop (mikd) 400 (0] 13 ND 049 ND ND
3BT Ladder dhop (mild) 433 650 1.5 ND 048 ND ND
VA7 Ladder shop (mikd) 463 694 1.8 ND 046 ND ND
MIBT  Laxkder shop (mikd) 457 650 1.5 ND 048 ND ND
VILET  Ladder shop (mikd) 435 682 1.1 ND 0.31 ND ND
ENVIRONMENTAL CRITERIA NIOSH REL e - 0.015 -

ACGIHTLV 5 5 0.1 01

OSHA PEL N 10 1 0.01

ND - not detected
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Tablke 6
Personal air sampling reauds for Welding Furnes in Dopartmonts #23,#22, and #16
Four Wheel Drve Coporation
Clrwoenilk, Wiconsin

HETA 86-524

March 9 - 12, 1987

Emvaesyontl Conoentration (moM)

Dute Jobh ttype stoel) Suvpke Tane S Vounxe Totd Total lron Nickel Sihver
(i) (Iters) Wekdne Chromnmm Oxide
Fumne
VI2NT  Faud asanbly, dopt #23, (mise. wokding) 44) 6% 0.8 0.003 017 0.002 ND
A7 Foad asembly, dopt #22. (mise. wekding) 459 688 09 ND 0.19 ND ND
3287 Foul avembly, dpt #16, (mic. wekding) 435 682 1.0 0003 031 ND ND
ENVIRONMENTAL CRITERIA NIOSH REL - — 0.015 -—
ACGIHTLV 5 5 0.1 0.1
OSHA PEL 5 10 I 0.01

ND - not detected
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Education

Smokang

TABLE 7

Companson of Demographic Varables, Smoking, and
Ocaupational History in Welders
and Controls

Welders Controls

IN=47) (n=37)
% 35 years or less 28.8% 162%
%3610 46 years 27.7% 21.6%
%4610 55 years 14.9% 324%
% 55 years and older 27.7% 29 7%
% less than 12 years 25.5% 270%
%% 12 years 66.0% 70.3%
%o more than 12 years 8.5% 2.7%
% current smokers 25.5% 40.5%
% ex-smokers 42.6% 324%
% never smokers 31.9% 270%

Pack-years (among ever smokers)
mean
SD.

Years worked at FWD
mean
SD.

Years worked as welder
mean
SD

Years worked as Welder at FWD
mean
SD.

Years worked as Machinist at FWD
mean
SD.

237 18.1
246 150
15.0 212
113 9.6
20.1 -0-
111 ---
17.7 -0-
113 ---
0.7(1) 199
30 102

(1) Three current welders worked as machinists m the past
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TABLE 8

Comparison of Symptos Frequencies
in Welders and Controls

CURRENT SMOKERS CURRENT NON-SMOKERS Smoking-Ad justed
Welders Controls Welders Controls PR 95% CI
(1) (2)
Humber of participants 12 15 35 22
Lover Respiratory
Tract Syaptoms:
usual cough 5B% 73% 29% 41x% 0.7 (0.5 - 1.2)
usual phlegm 33x 60% 37x 36% 0.8 (0.5 - 1.4)
episode of -
cough and phelgm 33x% 13% 29% 18% 1.8 (0.8 - 4.1)
coughed up blood 17% 13% 6% Sx% 1.3 (0.1 - 13.1)
wheezing 25% 27x 23% 18% 1.1 (0.6 ~ 2.2)
chest tllness 17x 7x 20% 5% 3.6 (0.9 - 14.5)
dyspaea 25% 40x% 31x 23% 1.0 (0.5 - 2.1}
Chronic Bronchitis 25% 20% 1a% 0% 2.7 (0.7 - 9.9}
Work-associated (3) Lower
Resplratory Symptoms:
cough 42% 13x% l4x 9= 2.3 (0.8 - 6.2}
phlegm - 17% 42% 3lx 13x% 1.2 (0.5 - 2.5)
dyspnea 8% T 9% ox 3.8 (0.4 - 36.4)
wvheezing 17x% 13x 14% 5% 2.0 (0.5 -~ 7.6)
Work-associated
Mucous Membrane Irritation:
nasal congestion 33x% 13x 19% l4% 2.2 (0.9 - 5.3)
eye irritation 3% 13x 6% 0% 6.4 (1.7 - 23.9)
nosebleeds 0x 11 3% 5% 0.6 (0.0 - 9.6}
throat irritation 25% 7% 17 5% 3.8 (1.0 - 14.7)
Other Work-associated
Symptoms:
nausea 8x 7% 1ix 0x 4.7 (0.5 - 40.7)
hesdache 25x 27x 9% 9% 1.8 (0.7 - 4.58)
lightheadedness 17% 20% 11% 9x 1.0 (0.3 -~ 3.2)
fever 8% 0x 3x 0% (&)

(1) prevalence ratio

(2) 95%x confidence interval

(3) "better on days away from work’
{(4) zero in denominator
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TABLE 9

Comparison of Symptom Freguencies for ¥Welders
in Fabrication, Cab Assembly, and Ladder Departments

Fabrication Cab Assembly

Mumber of participants
Current Smokers

Lowver Respliratory
Tract Syamptoms
ugual cough
ugual phlegm
period of increased
cough and pbelgm
coughed up blood
wheezing
chest illness
dyspnea

Chronic Brounchitis

P —

Hork-assoclated (1) lLower

Respiratory Symptoms:
cough

phlege

dyspnes

wheezing

Work-assocliated
Mucous Membrane Irritstiomn:
nasal congestion
eye irritation
nosebleeds
throat irritation

Other work-associated
Syaptoms:
nausea
headache
lightheadedness
fever

26

31%

61%
46%

3ix
31x
27%
23x
35%

3ix

38x
35x%
12x

19%

38x%
31x

4%
23x

15%
4%
4%
A%

25%

ox
3gx

g%
[4} 4
38x
25%
30%

124

Ox
5%
13x%
25%

3ex
50%

0%
215%

3isx
13%
13x

0%

{1) "better on days away from work’

Ladder Shop

14x

14%
29x

29x
29%
Ox
0%
29x%

Ox

Ox
29%
Ox%
0x

14%
14%
Ox
0x

14x
0%
43 4
(414
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Smoking Stas Welders  Controls
Number Tested Qurrent il 15
Ex 20 11
Never 15 10
Smolane St Mean (SEMY2) Mean (SEM)
FEVI Residual Cunent -97 2t -91 (176)
{cc's) Ex -182 (116) -69 (200}
Never 137 (130) 241 1y
'VC Residual Current 100 {228) -72 (202)
{cc's) Ex -17 (110) 6 (21
Never 115 (140) 192 (212)
(FEVI/FVQ) Cument -0.5 (24) -32 (2.6
Resicual
(%) Ex -53 (20 -4.5 2.5
Never -07 (14) 02 0.7
FEF(25-75) Current -1284 (440) -845 (356)
Resiched
(cc/second) Ex -1418 (249) -1186 (460)
Never -447 (389) -300 (273)
) foteervod meadt - praboad reedt] - bered onse hedt e and e
Q) Serded anr o mem
&) pvahe oy porid F i of differeroe in rreans b woldors and controls smongz aumunt and exenules, artding £ unent smokarg st and peck-vers smoked.
“ pvoie fir H gL meen 0 wikdas and aroul among never smokers.

TABLE 10

Campanison of Spirometry Test Residuals (1) n Welders & Controls

0.58(4)

0.71(3)

0.70(4)

0.52(3)

0.61(4)

0.47(3)

0.78(4)
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TABLE 11

Regression Ceeflicients for Spironetry Test Residuals (1) versus
Years Worked as a Welder at FWD Corporation

Dependent Vanable & Curent & Ex-Smokers (2) R’ Never Smokers
Coefhicient 95% Cl Coefficient 95% (I
FEV1 Residual cclyear 36 (-56--16) 0.34 19 (4-42)
FVC Residual cchyear 20 (44-4) 0.11 17 (9-34)
(FEVI/FVC) % Residual - Yelyear 035 {-0.68--0.04) 017  0.12(-0.15-0.39)
FEF 25-75 Residual cclyear 65 (-111--19) 024 26 (-50-102)

(1) [observed test result - prodicted test result (based on sex. age, raoe, and height™)]

(2) Adjusted for cument stolang status and pack-years of smoking

0.19

0.14

0.00

0.04
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Graph 1

FEV1, Observed — Predicted Value, Versus
Years Worked as a Welder at FWD, Ever Smokers
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(FEY1/FVC)%, Observed - Predicted Yalue
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Appendix A

Interpretation of Individual Spirometry Tests

The purpose of the pulmonary flnction tests was to determine if Tong-term employees, as a group, had evidence of reduced hung finction that
could be atmbuted to expostres, including welding fimme, at Four Wheel Dnve. The following spirometric measires were used to determine
whether an mdividual had pubmonary function resuls outside the conventional range of nommal: forced vital capactty (FVC), 1-second foroed
expiratory volurme (FEV 1) and calculation of the ratio (FEVI/FVC Yo, FVC is the total amount of air that can be forcibly exhaled affer a ful
mspiration; FEV is the amount of air exhaled during the first sscond of a forced expiration. Arty condition that impairs FVC also impairs
FEVT (but not necessanly (FEV 1/FVC)%), but the reverse is not tue. Conditions that impair FEV1 do not necessanly impair FVC. FEVI
and FVC are evaluated by comparing them to "predicted” values that take into acoount age, height, sex, and race. Pulmonary fimction is
considered “nonmal" if the FVC and FEV1 are 80% or more of their predicted values and (FEV IFVC)% is 70% or more. Generally
speaking, alow (FEVIFEV)% (less than 70%) indicates an "obstructive” impainnent to exhaling rapidly, and a low FVC (less than 80% of
predicted) indicates a "restrictive” mpainment of Tung capactty. 1both FVC and (FEVIFVC Y% are low a "mixed"" impainnent (both
obstructive and restrictive) is said to be present. Some individuals with moderate or severe obstructive impainient are not able to empty their
lungs fully during the time foroad vital capactty is usually measured (6 scvonxds). i such eases, the FVC nay be below nomal, indicating a
restrictive or mixed impaiment, when, in fact, only an obstructive impaunment exists. Additional pulmonary function tests, not suitable for "field"
administration, arc necded to characterize accurately the type ol abnonmality in such persons.

The forced expiratory flow rate during the middie half of expiration (FLF25-73) 1s usually also reduced when an obstructive impainment is
present. However, since it can vary widely in between nonmad mdividuals and between different tests i the same individual, 1t 1s not generally
used to diagnose an impainment on an indvidual basis. In this sunvey, the FEF25-75 was used only for group companisons.

Various occupational and non-occupational conditions can affect the results of pulmonary function tests. Cigarette-related bronchitis and
emphysema are probably the most comimon causes of a kwy FEV I/FVC among the general working population, although certain cocupational
chemical and dust exposures can also cause or contmbute to it A low FVC is more sugpestive of the effects of oocupational exposures such as
arystalline silica. asbestos, and hard metal dust. Abnonmal test results, by themselves, should be interpreted only as an indicator of impaired hing
function, not as diagnoses of specific diseases. Funthenmone. they should not necessany be interpreted inany individual case as bemg due to
etther cocupational exposures in general or specific expostres a Four Wheel Drive, That detenination can only be made after a more
complete medical evaluation than NIOSH provides. ’
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APPENDIX B

Explanation of Prevalence Ratios
and Smoking-Adjusted Prevalence Ratios

A prevalence ratio was calculated by dividing the prevalence of a symptom (proportion of persons reporting that symptoim) among welders by
the prevalence of a symptom in confrols. A-prevalence ratio of 1.0 means that the same proportion of welders and controls reported the
symptom; a prevalence ratio of greater than 1.0 means that higher proportion of welders reported the symptomy, a prevalence ratio of less than
1.0 means that fewer welders than controls reported a symptom.

Toestimate a single prevalence ratio comparing all welders to all controls while acoounting for the nfluence of current smoking, we computed a
"smoking-adjusted prevalence ratio.” This is a weighted average of the prevalence ratios for smokers and non-smokers, but has the same
interpretation as the prevalence ratio for each smoking category (ie., prevalence ratio greater than 1.0 means a symptom is more prevalent in
welders). The smoking-adjusted prevalence ratio was computed using the "Mantel Hanzel estimate™, which refers to a specific method of
statistical adjustment. For each smokang-adjusted prevalence ratio, we computed a 95% confidence mterval which reflects the lower and upper
finits of possible values of the "tue’" prevalence ratio (the prevalence ratio that would be obtamed from averaging the results of a large number of
studies of welders and controls under the same conditions as in this study) that the data we collected would be consistent with. Weused a
statistical technique called the "test-bosed"” method to compute these confidence mtervals. A property of these confidence intervals is that if the
value 1.0 falls within a given confidence interval, the comresponding prevalena: ratio estimate is not "statistically sigrificantly” different from 1.0.

For example, if the prevalence ratio estimate fora symptom is 1.8 and the 95% confidence interval 15 (0.8 - 4.1), welders in the study population
were more likely (1.8 times more likely) to report that symptom. However, the difference between welders and controls could have oocurred
by chance 5% or more of the time even if, on the average, welders and controls have the same prevalence of symptoms. 1f; on the other hand,
the 95% confidence nterval for a prevalence ratio does not include 1.0, the comesponding estimate of the prevalence ratio is "statistically
significantly’” different from 1.0. For example, if the prevalence ratio estimate fora given symptomn is 6.4 and the 95% confidence mterval 1s (1.7 -
239), welders were 6.4 time more likely to report that symptom than controls. Such a large prevalence ratio would be expected, by chance,
Jess than 5% of the time, if the "true” prevalence ratio were 1.0.
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APPENDIXC

Computation of Spirometry Test Residuals®
(Observed minus Predicted)

Spirometry results were adjusted for height and age as follows: Using an equation derived from a study of healthy, non-smoking individuals ™
(see below), the value of each hung function parameter measured which would be expected, based on a subject's height and age was computed.
This "predicted” value was subtracted from the value of the parameter "observed” (ie. actually measured) in that individual. The result was the
"residual” value for that ing function parameter. For example, if'a given subjects FEV] was 236 liters and the FEV'1 expected based on his
height and age was 3.08 liters, then his residual FEV1 would be -0.72 fiters. In this case the subject's FEV 1 is less then the average expected.

A posttive residual FEV ] indicates the FEV is greater than expected. The residual values for FEV, FVC, FEF 25-75 and (FEVI/FVC)%

were used in subsequent analysis.

Equations used to compute prodicted values for spirometry:

Males, preater than or equad to 23 years of age:

Predicted:  FEVI (liters) =-4203 + 0.052 * height (am) - 0.027 * age (yrs)
FVC (liters) = -5459 + 0.065 * height - 0.029 * age
FEF 25-75 (liters per second) = -1.864 +0.045 * height -0.031 * age

(FEVI/FVCY 6= 103.64 - 0.087 * height - 0.140 * age

Males, less than 25 vears of age:

Predicted:  FEV1 (Iiters) = -4.808 + 0.046 * height + 0.045 * age
FVC (liters) = -5.508 + 0.050 * Height + 0.078 * ave20
FEF 25-75 (ters) =-5.334 + 0.039 * height

(FEVI/FVCYV%=103.64 - 0.087 * height - 0.140 * ace
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