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INTRODUCTION

Several investigations have indicated that significant asbestos expo-
sure may occur during brake maintenance and repair work (Nicholson,
1979; Rohl, et al. 1976; Hickish and Knight, 1970). Linited studies
have suggested that exposure may be associated with the risk of asbes-
tos-induced disease including both pulmonary asbestosis and asbesg-
tos-associated cancer (Lorimer et al, 1976; Greenberg and Lloyd-Davies,
1974). These limited reports do not, however, indicate whether the risk
of ,ashestos-associated disease is common or uncowmon. The question is
ofeimportance because over one million workers are regularly or inter-
mittently engaged in vehicle maintenance work in the United States at
this time (Bureau of Labor Statistics, 1979). Additionally, a large
number of other workers were formally engaged in such work in the past
and now are either retired or employed otherwise. It is estimated that
4,940,000 individuals are currently alive with such current or past

employment (Nicholson et al., 1982).

There are several sources of asbestos exposure Lo garage mechanics and
automobile repairmen. First, of course, is that the asbestos exposure
from the debris of brake or clutch lining wear, particularly when the
brake or clutch hbusing are cleaned using a high pressure air hose.
Second, garage mechanics may be at risk from exposures during the use
of autobody filler ahd, finally, asbestos dust can be disseminated
during mixing and application of undercoating materials each of which

has contained the fiber in previous years.

In order to determine the extent of the asbestos-related risk from
garage maintenance work, NIOSH has contracted with the Environmental
Sciences Laboratory to conduct a clinical examination of garage mech-
anics. The examination was to focus specifically upon thosce manifesta-
tions of asbestos disease, such as X-ray abnormalities and pulmonary
function deficits, that would elucidate the possible effects {from

exposure to asbestos in gavage cuiployment.,



MATERIALS AND METIIODS

STUDY POPULATION

The study population for this project consisted of members of the

following union groups who routinely performed brake maintenance repair

work:

1. Local 259 of the United Automobile Workers (UAW) whose members
¢ were employed in commercial garages in New York, New Jersey and
Connnecticut. Also included were all pensioners maintaining

vested rights in a program administered by the Lecal.

2. Local 246 of the Service Employees International Union (SETIU)

employed in New York City municipal garages.

The unexposed control population for the above brake workers consisted
of:

1. Local 259 members and pensioners employed currently or previously
in parts warehouses {(New York City) and amphibious vehicle con-

struction in Stamford, Connecticut and Schenectady, New York.

2. District Council 37 (DC 37), Municipal State and Federal Employees
Union members employed in New York City as motor vehicle operators

or traffic device repairmen.

The above groups were selected prior to the beginning of the project as
the study and control groups for determining the effects of possible
asbestos exposure on workers engaged in brake maintenance and repair
work. The control groups werc chosen because of membership in the same
union and similar employment circumstances but without brake mainten~
ance work. As  the study progressed it was found that many of the
control pepulation had had exposure to asbrestos in other circumstances
such as shipyard work, and that fewer DC 37 members were participating

in the examination than was initially expected. Thus, in consultation



with the project officer, it was decided to add to the control groups
the X-rays to be taken in examinations of Local 595, UAW members em-
ployed in production (non-maintenance) jobé in an automobile body
construction facility in Linden, New Jersey. These workers were to be
examined for effects of lead exposure associated with their work in an
examination April 7-10, 1980. An analysis of their work activiiies had
indicated that their current employment provided only limited opportu-
nity for asbestos exposure. The decision to include this group was
made-prior to the April examination.

Inébrder to reflect the cffects of asbestos cxposure, only those in-
dividuals with ten years of ecmployment in a particular trade were
considered for examination. In the case of the UAW members this con-
sisted of all individuals with ten years of union membership. For SETU
members who were classified as mechanics in the New York City Civil
Service Employees categorization, five ycars of prior automobile main-
tenance work were required in order to obtain such a status. Thus, the
criteria of five years of union membership identified individuals who
had at least ten years of employment in garage work as a mechanic or
apprentice. Table 1 lists the distribution by seniority date and union
affiliation of all individuals who were invited and who participated in

the examinations.

The response was limited by several circumstances. One was the dis-
tance many individuals had to travel in order to reach an examination
site. For example, both Local 259 and DC 37 Headquarters at which most
exawinations were held are located in Jlower Manhattan, whereas most
study participants lived in Brooklyn or Queens. Many lived at even
greater distances in Westchester or Nassau County, N.Y. or in New
Jersey. Examination sites were arranged to accomodate as many of the
study population as possible, but many individuals still lived at
considerable distance from a site. Auother factor was that most shops
organized by these unions are relatively small (79Y% of the population
workers in shops employing fewer than 30 members, only one-sixth of

wihom would have been employed for longer than ten years).
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The contact with individuals in these shops was by mail with letters
from the Union President and Dr. Irving J. Selikoff of Mount Sinai
School of Medicine, followed by a phone call from Mount Sinai person-—
nel. In the larger shops where the program was also described by the
Union health and safety representative and attendance encouraged,
greater participation resulted. Finally, only one examination was held
at each of the sites outside of Manhattan and those unable to attend on
a given day could only be accomodated at a clinic in New York City.
These factors led to a particularly low response of the 264 individuals
invited to the cxamination site in Long TIsland where only 23.8% parti-

c1pated versus 53.4% al the large shops of Condec.

Information was obtained by phone, and from the return mailer, of the
reasons for non-participation. These are tabulated in Table 2. It
also was found that, of those sent invitations, 2.1-5.3% were unde-

liverable by the post office.

EXAMINATION LOCATIONS AND PROTOCOL

Examinations were held at approximately monthly intervals from May 1978
through February 1980 at a variety of sites chosen for their conven-
ience to the residence or employment location of the participants.
These included the union headquarters of Local 259, UAW in New York
City and Schenectady, New York; the Community Center, Stamford, Con-
necticut; the headquarters of DC 37, State, Counly and Municipal Em-
ployees Union in New York City; the Paterson Clinic, Paterson, New
Jersey; the Multiphasic Medical Center, Hempstead, Long Island; and
Mount Sinai School of Medicine, New York City. For those locations
without X-ray facilities, portable units were obtained. In each lo-~
cation spirometry stations we >re established using field survey equip~
ent  of the Pulmonary Function Laboratory of Mount Sinai School of
Medicine. Laboratory, examining and interview stations were easily

established in the available space in all facilities

Appendix 1 is the form used for all examinatious. The examinations

consisted of a complete occuputional history with detsiled descriptions



Table 2

Reasons given for non-participation
in examinations

Telephone Mail-in

response respoase

Do not wish to participate 175
Not interested 20

Too busy at this time 20
Inconvenient time 20

Recent examination 7 5
Current illness, injury 5 3
or incapacitation

Illness or death in family 3

Too far to come or moved away 5
Miscellaneous non-health 5 1

reasons



of work activities that could affect the health of the individual,
descriptions of work practices during brake maintenance and repair
work, and the use of personal protection devices. Special care was
taken to elicit information on previous exposures to asbestos and other

dusts that might be Preumocconiotic.

The clinical examination, tests, and procedures consisted of:

1. complete medical history;

2. current and past uses of medications;

3. . current and past symptoms;

4.{ physical examination;

5. complete blood count, including a differential count on individ-~

uvals with an abnormal white cell count;

6. 20 channel blood chemistry analysis;

7. pulmonary function tests, including determination of complete
flow-volune characteristics;

8. 14 x 17 inch, full size postero/anterior chest X-ray.

All chest X;rays, laboratory results, and examination findings were
reviewed immediately for conditions that might require urgent atten-
tion. If such conditions were found, the paticnt was notified and, if
he wished, his personal physician was called. The radiographs were
subsequently interpreted using the ILO U/C Internationzl Classification
of Pneumoconioses. Parenchymal changes of 1/0 or greater were con-
sidered abnormal as were pleural thickening, pleural plaques and pleu-
ral calcification. Additionally other abnormal discase conditions were

noted.  (Sce Appendix 2.)

Predicted values for spirometry were based vpon the revised analysis by
Miller et al. (1980) of data of Horris, Koski, and Johnson (1971). The
criteria for individual spirometric abnormalities are listed in Table
3. After interpretation of the X-rays and recview of all laboratory and
clinical findings, a report aund lelter were prepared and sent to each
participant. The two most important parameters for the assessment of
health effects {from asbestos exposure are the manifestation of small

irregular opacitics on an interpretable X-ray and restrictive pulmonary



Table 3

Criteria for normality of spiromctry

Fve > 80% of predicted
FEV1 > B0Y% of predicted
MMEF > 75% of predicted
FEVI/FVC age <29, >.75
age 30-59, >.70
age >60, >.65

FVC predicted

0.147 % Height (in.)

0.025 x Age (yr.) = 4.241

i
f

FEV1 pred?cted 0.094 x Height (in.) 0.032 x Age (yr.) - 1.426
(For Blacks, the predicted values were 89% of the above.)

MMF predicted 0.044 x Height (in.) - 0.046 x Age (yr.) + 2.806

(For Blacks, the same values were observed.)

From: Miller, Thornton, Smith and Morris. Am. J. Ind. Med. 1:55-68,
(1980).



function deficits. Of the 916 individuals from the four groups listed
above who participated in the examinations, readable X-rays were avail-
able .on 860 individuals and interpretable pulmonary function tests on
883. The 6.1% unsatisfactory X-rays stemmed from the use of portable
X-ray facilities that did not have processing facilities immediately
available. In one examination, a light leak developed in the X-ray
cassette holder that rendered 30 X-rays unreadable (24 from SEIU mem-
bers and 6 from DC 37 members). Because of the extensive travel in-
volved, few with unreadable X-rays from the examination took advantage
of ,the availability of another X-ray at a later examination. The
distributions by union affiliation and work activity of participants
with valid X-rays and pulmonary function tests are shown below in
Tables 6 and 7.

X-ray developing facilities were not available for films taken by the
portable units and by two of the fixed installations used in this sur-
vey. The unavailability of a film for review at the time it was taken
led to a less than desired quality for the readable X-rays. Both over-
and under-pehetrated films present difficulties in the interpretation
of the minimal changes seen with low level asbestos exposure. Thus, a
greater dcgree of inter- and intra-observer variability exists with the
interpretation of the films of this survey by the physicians reading
the X-rays than with films taken by the same technician, with the same

equipment, and continuously monitored for quality.

Following the completion of the examinations, all X-rays from all
examinations were intermixed, wmasked, and identified with a coded
number. If multiple films of the same individuzl were taken; these
were labeled with a single number and designated as A, B, C, etc.
These films were read as a-group individuzlly by three experienced
readers who were free to utilize the best P-A film for the determi-
nation of an X-ray reading. Results for the three readers and that of
the individual who read the X-rays following ecach examination were
entered on a code sheet for each participant. The results of the four

readings were then averaged using the following criteria:
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1. All parenchymal readings within given categories (rounded, irreg-
ular and combined) were averaged utilizing the ILO U/C twelve
point scale. If the average came exactly half-way between two
values, as is possible with an even number of readers, the values
of the three readers who rcad the entire group of X-rays at one

time determined whether one averaged up or down.

2. If the reading of one individual differed by three units from that
of the average of the others, all readers re-read that particular

. film. The readers were told that = disagreement existed on par-
enchymal readings, but no other information was provided. If the
subsequent reading brought the outlying interpretation into closer
agreement, the average of the second readings was utilized. If a
disagreement of the same magnitude still persisted, the X-ray was
interpreted by the entire group of readers and a consensus ob-

tained. (This occurred for fewer thau five X-rays.)

3. If a disagreement existed among the readers as to whethecr or not
pleural changes existed such films were also re~read with the
specification that a disagreement existed with respect to in-
terpretation of the pleura. Following a second interpretation, a
determination was based upon the average of the second reading. If
an X-ray was interpreted as normal by two individuals and abnormal
by two others, the interpretations of the same three readers as

before determined the overall classification.

Approximately 110 X-rays read early in the sequence were reintroduced
into the group at a later time to provide information on reproducibil-
ity of the individual readers. For this analysis no "second" recadings
as described above were used. Table 4 shows the distribution of dif-
ferences of parenchywal and pleural readings of each of the four read-
exrs along with the average score of the parenchymral readings for each
individual (based on a 12 point scale). As can be seen both the inter-
observer reproducibility and intra-observer comparability of readers is
well within siwnilar variations determincd by other interpretation
groups (Rossiter, 1972; Glover, Bevan, Cotes, et al., 1980). (Seo
Table 12 for the yesults of individual and averaged readings by job

category.)
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Table 4

The varjability and 1cprodnc1p¥]Ltv of three

X-ray readers participating in this <Lu_y

Subcategory difference
(Second reading - first reading)

* Reader -3 -2 -1 0 1 2 3
1. 0 4 13 93 1 1 0
(82)
Standard deviation: 0.77
Average score: First reading 2.40, Second veading, 2.241
2. 0 5 20 66 10 4 0
(56)
Standard deviation: 0.83
Average score: First reading, 2.67; Second rcading, 2.55
3. 3 8 13 63 14 5 0
(57)
Standard deviation: 1.01
Average score: TFirst reading, 2.51; Second reading, 2.38
( ) = Number of films read as 0/0 both times.
Log/- = 1; 0/0=2; ctc.
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OCCUPATIONAL HISTORIES

A careful review of all jobs each person held revealed that many exam-
inations participants had previously been employed in a job with poten-
tial for significant asbestos exposure. This js shown in Table 5 for
each union group that participated in the examination or whose X-rays
were utilized for analysis. Overall 21.5% of the study participants
haq an identified or highly probable exposure to asbestos in previous
employment or military service. The percentages were particularly high
in the groups that included men with skills as welders (vehicle con-
struction and city maintenance mechanics). lere, asbestos exposure in
shipyards or during the welding and cutting of high temperature equip-
ment insulated with asbestos was identified. Of the 234 with identi~
fied or possible asbestos exposure and readable X-rays, 87 (8.9% of all
X~-rays) were of men previously employed in shipyards. In order to
eliminate any confounding exposurc in the analysis of brake work, the
health effects of individuals with identified and possible exposures Lo
asbestos and other dusts were analyzed separately, according to the
four broad exposure categories of Table 5, direct occupational asbestos
exposure, shipyard and heating trades, possible asbestos exposure, and
exposure to other dusts. In the direct occupational category were
those individuals that insulated pipes, worked in asbestos manufactur-
ing operations or had similar exposures. Among those classified in
shipyard or heating trades were those with any shipyard employment or
work that involved the repair, installation, or maintenance of boiler
room equipment or eguivalent exposures. Also included in this cate-
gory were a group of men (12) that insulated mufflers with asbestos or
installed brake linings on a.continuous basis during the construction

of amphibious vehicles.

An individual was classified in the category with the highest potential
asbestos exposure (as ordered above), irrespective of the total employ~-
ment time in that category. It should be noted that while every care

was utilized in attempting to elicit a past asbestos exposure, this may
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Table 5

The distribution by union affiliation and
type of work activity! of study participants

Union a«ffiliation

UAW 259
Type of work activity Maint. Const. UAW 595 DC 37 SETU 246 Totals
No identified asbestos 14 70 85 28 8 205
exposure or garage work (3.9) (55.6) (69.1) (28.9) (2.4)
Garage employment 82 2 - 18 22 124
but no brake work (23.0) (1.6) {(18.6) (6.5)
Brake work 217 2 - 18 213 450
(61.0) (1.6) (18.6) (63.2)
Other dust exposure 7 3 18 1 7 36
(2.0) (2.4) (14.6) (1.0) (2.1)
Possible asbestos 14 23 11 . 13 22 83
exposure . (3.9) (18.3) (8.9) (13.4) (6.5)
Shipyard, heating trades 22 262 5 17 61 131
(6.2) (20.6) (4.1) (17.5) (18.1)
Direct asbestos exposure - - 4 2 4 10
(insulation, factory work) (3.3) (z.1) (1.2)
Totals o 356 126 123 97 337 1039
Totals with other pos- 36 372 20 32 7 224

sible asbestos exposure (10.1) (29.4) (16.3) (33.0) (25.8) (21.5)

() = Percentage of union members in job category.
! Four men had missing occupational histories and. These were
excluded from further analysis.

Ten of these 26 individuals insulated muff{lers and 2 continuously
installed brakes duriung amphibious vehicle construction. Their

"other asbestos exposure' occurred as part of the job under study.
These were not included in totalswith other possible asbestos exposure.
In subscquent analysis, however, they were included in the category

of shipyard, heating trades.
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not have been successful in every instance, due to inadequate recall of
the worker or because an asbestos exposure may have occurred without
his knowledge. The large number of workers with identified exposures
suggests the possible scope of the problem. Such unidentified expo-
sures would, however, contribute proportionately to the abnormalitics
found in both the exposed (brake workers) and unexposed groups under
study. In the analysis that follows workers will be classified accord-
ing to their asbestos exposure irrespective of their uniou affiliation

or job classification at recruitment.

4

It is striking that 8.99% of all participants had previocus employment in
the shipbuilding and ship repair industry. As approximately 45% of the
study participants were over age 55, many had opportunity for employ-
ment in one of the several New York arca shipyards that operated during
and after Vorld War II (Brooklyn Navy Yard, the Hoboken yards cof Todd
and Bethlehem Steel). [Approximately 4,500,000 men (and vomen) were
employed in ship construction and repair during World War TI (Nicholson
Perkel, and Selikoff, 1982). This constituted 9.4% of the non-agricul-
tural national male work force in 1943, but a much smaller percentage
was employed after World War II (0.2%-0.5%) (Bureau of Labor Statis-
tics, 1979). Thus, the finding of such a large number with shipyard
employment in this study is understandable and provides an opportunity
to evaluate the effects of past short-term shipyard work as well as

that of garage employment.

Tables 6 and 7 display the distributions, by work activity, of those
for whom interpretable X-rays are available and for whom valid pul-
monary function tests were obtained. As can be seen, lower percentages
of recadable X-rays were available for DC 37 and SEIU 246 members be-
cause of the previously mentioned loss of 30 X-rays. The individuals
involved, however, were randomly scattered among the diiferent cxposure
categories. The percentage of individuals with valid pulmonary func-
tion tests (96.4%) compares favorably with other surveys. Again, those
with missing tests are randomly distributed among all occupaticonal

categories.
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ble 6

The distributions and percentages of readable X-rays by

union affiliations and type of work 1cL1v1ty1

Union affiliastion

UAW 259
Type of work activity Maint. Const. UAW 595 DC 37 SEIU 246  Totals
No identified asbestos 14 67 85 25 8 202
exposure or garage work (100.0) (95.7) (100.0) (1006.0) (100.0) (98.5)
Garage employment 81 2 - 14 19 116
but no brake work (98.8) (100.0) (77.8) (86.4) (93.5)
Brake work 214 2 - 18 187 421
(98.6) (100.0) (100.0) (87.8) (93.6)
Other dust exposure 7 3 18 0 7 35
(100.0) (100.0) (100.0) (0.0) (100.0) (97.2)
Possible asbestos 14 21 11 9 20 77
exposure ‘ (100.0) (91.3) (100.0) (81.8) (90.9)  (92.8)
Shipyard, heating trades 22 26 5 13 57 123
(100.0) (100.0) (100.0) (76.5) (93.4) (94.0)
Direct asbestos exposure - - 4 1 4 9
(insulation, factory work) (100.0) (50.0) (100.0) (90.0)
Totals ‘ 352 121 123 80 302 ‘983
(98.8) (96.0) (100.90) (87.0) (89.6) (94.6)

() = Percentage of category with readable X-ray.
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Table 7

The distribution of valid pulmonary function tests
by union affiliation and type of work activity?® 2

Union affiliation

UAW 259

Type of work activity Maint. Const. DC 37 SETU 246  Totels
No identified asbestos 13 69 25 8 115
exposure or garage work (92.9) (98.6) (89.2) (100.0) (35.8)
kGarage employment 80 2 18 22 122
but no brake work (97.6) (100.0) (100.0) (100.0) (98.4)
Brake work 211 2 17 206 436
(97.2) (00.0) (94.4) (96.7) (96.9)

Other dust exposure 7 2 1 7 17
(100.0) (67.7) (100.0) (100.0) (94.4)

Possible asbestos 14 23 11 20 68
exposure (100.0) (100.0) (100.0) (90.9) (97.1)
Shipyard, heating trades 21 262 17 56 120
(95.5) (100.0) (100.0) (91.8) (95.2)

Direct asbestos exposure - - 1 4 5
(insulation, factory work) (50.0) (100.0) (83.3)
Totals : 346 124 89 323 883
(97.2)  (98.4) (96.7) (95.8) (96.4)

() = Percentage of category with valid pulmonary function test.

1 Two men with valid pulmonary function tests had missing

occupational histories.

No pulwmonary function tests were performed at the
Linden, Wew Jersey examination of UAVW 595 members.
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X-RAY ABNORMALITIES

Tables 8a and 8b list the averaged readings for the parenchymal X-ray
abnormalities according to the ILO U/C International Classification of
Pneumoconioses for the various asbestos-exposed groups established in
this survey. Seven hundred and ninety-nine of 983 readable X-rays were
classified as having 0/0 or 0/1 readings for parenchymal fibrosis. One
hundred and seventy-seven were classified in category 1 (1/0-1/2) and
seven were classified as having 2/1-2/3 abnormalitics. Of those with
normal pleura, 735 of 871 (84.5%) were also normal for parenchymal
chéﬁges. For those with abnormal pleuvra, the percentage with normal

parenchyma was much less. Only 64 of 113 (56.6%) of the readings were

categorized as 0/0 or 0/1.

Tables %9a and Yb list the pleural abnormalities according to the se-
verity (extent and thickness) of pleural thickening and whether or not
calcification or plcural plaques were seen. The greatest proportion of
pleural abnormalities consisted of pleural thickening (89 of 113).
Pleural calcification was seen only infrequently, being identified on
only 12 X-rays, including eight for which pleural thickening was also
noted. Pleural plaques were secn on 38 X-rays, including 16 for which
pleural thickening was also identified and one with pleural calci-
fication. The degree of pleural abnormalities was relatively minor.
0f those with pleural thickening, 42 had the lowest category of extent
and thickness (A/1). Twenty-nine were categorized as either A/2 or
B/1. The more severe examples of pleural thickening were largely
confined to individuals who had either dircct asbestos exposure or had

previously been emploved in shipyards.

Tables 10 and 11 list the percentages in the different occupational
categories according to the type(s) of X-ray abnormality. As can be
seen from Table 11, the percentuge with any abnormality among those
with garage employment is 24.2% compared to 18.8% among iudividuals
with no stated asbestos exposure or garage employment. Corresponding
percentages for parenchymal abnormalities arve 19.0% vs. 15.3% and for

pleural abnormalities 8.4% vs. 8.99%, respectively for those with garage
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employment compared to those with no such employment or no stated
asbestos exposure. The minimal overall differences between these two
groups are more manifest in parenchymal abnormalities, there being
little difference in the percentages of pleural abmormalities. On the
other hend, significant differences exist in the percentages of pleural
abnormalities among those employed in work having direct asbestos
crzposure or shipyard employment and those only employed in garage work
or having no asbestos exposure. We will thus utilize both parenchymal
and pleural abnormalities to characterize the various exposed groups.
1
Other cviteria could have been utilized for the determination of an
abnormal X-ray. Tor example, we could have required that all four
readers read an X-ray as abnormal before it would be so categorized, or
that an averaged reading of 1/1 be required for the establishment of
parenchymal fibrosis, or that pleural plaques not constitute an abnor-
mality. To investigate whether more stringent criteria for abrnormal-
ities would have altered the analysis, the overall results were cal-
culated with the criteria for abnormality being an X-ray categorized as
1/1 or greater and/or the presence of pleural thickening of calcifica-
tion (plaques vere not considered abnormal). These data are shown in
the last column of Table 11 and demonstrate the identical trends that
were present in the data with less stringent criteria for abnormal-

ities.

Table 12 shows the distribution of abnormal X-rays {or eaclhh reader
according to work category. VWhile different percentages of abnormal
X-rays were obtained by the various readers, the trends according to
work activity were highly consistent. Those engaged in brake work had
a higher percentage of abnormalities comparced to those who did not and
those with other asbestos exposures had the greatest percentage of
abnormalities according to all four readevs. Thus, the overall X-ray
results are relatively independent of the individual readcrs and inde-

pendent of the criteria for abnormality cestablished.
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Age standarization of X-ray readings

Inasmuch as the prevalence of X-ray abnormzlities reflects various
assaults to the lung (separate from that under study) that accrue
overtime, it is necessary to consider age in comparisons of groups
exposed to asbestos in different circumstances. Any age effect can, in
part, be due to unknown exposures to varicus dusts, including asbestcs,
the opportunities for which increase with time. Additionally, any
dust-related changes progress with time and the manifestation of rela-
tively minor exposures early in life can be significant in later years.
As discussed previously, a selection criteria for the expozed and
control groups resulted in study populations that had similar age
distributions. However, to more accurately take into account any age
effect, the overall percentages of X-ray abnormalities were standard-
ized to the age distribution of all 983 individuals for whom readable

X-rays were available. A standardized percentage, P was calculated

std’
using equation (1).

=¥ T (1
Poeq © & Py N./983

Where Pi is the percentage of abnormal X-rays in the ith age catlegory
of the group of interest and Ng, the pumbexr of all 983 individuals in
the ith age group. For a group having an age cell with no data
(insulation/factory, other) standardization was based c¢n those cells

with data using equation (2)

3

T N A T
= N > J N
Pstd z Pi hi/983 [ Ii hi/z Pi Il] (2)

avail 1 all 1 avail i

Where Pi again equals the percentage of abncrmal X-rays in the ith age
category of the group of interest and NT, the number of 21l 983 indi-
viduals in the ith age category; P; iz the percentage of abuormal
X-rays among all 983 individuals in the ith age category. These over-
all age-gtandavrdized parcentages are shown in Table 13. The diffevernce
between the individuals performing brake work and those with no idunti-
fied asbestos exposurc vemains, while the peveentage of abnormalities

in those ecmployed in a garage but not ecugaged in brake repair work
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decreases to somewhat below the level of those unexposed otherwise.
The percentages of abnormalities among those with other asbhestos expo-

sure remain significantly different from those unexposed.

If we consider the percentage of K-ray abnormalities a manifestation of
a normal distribution with a variance reflected by the number of abnor-
mal X-rays, the respective standard deviations in the final column of
Table 13 are calculated. While the percentage of abnormal X-rays in
each of the job categories of Table 13 has a large uncertainty associ-
ated with it because of the limited number of individuals in a work
activity (other than brake work), the pattern of observed percentages
yields a remarkable consistency. The two groups with no identificd
asbestos exposure, non-garage controls and garage workers with no brake
or body work have the lowest percentages of abnormalities, the wvarious
activities with probable asbestos exposure have the highest percent-
ages, and brake workers are intermediate. JTndividuals with other dust
exposure appear to be unaffeccted by such materials. This is probably
the result of the relatively short exposure times or the marginal expo~
sure circumstances. The other dusts included coal (23 men), silica (9
wen), and other dusts (3 men). TFive of the other dust eXposures were
for longer than ten years, (One of the five had an abnormal X-ray.)
The average exposure of the other 30 was 3.2 years. In subsequent
analysis these 35 individuals will be characterized by their garage (or
non-garage) employment. One notable feature of Table 13 is the high
percentage‘of abnormal X-rays among the 32 individuals who worked for
some time in auto body repair. (Sec subsequent sections on auto body

repair and undercoating work.)

Smoking standardization of X-ray abnormalities

Smoking has becn identified as ecxacerbating the non-malignant effcets
of asbhestos. Death rates from asbestlcosis among 20+ cigavette/day
smokers are 2.8 times greater than among nonsmolers (Hammend, Selilkofyr,
and Seidman, 1979) and both parenchymzl and pleursl X-ray abnormalities
have been reported as more common among current and ex-smokers than

nonsmokers (Weiss, 1971; Rousiter and liarvies, 1979; Veiss, Levin, and
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Goodman, 1981). An effect of smoking on the prevalence of X-ray abnor-
malities was also found in this study with both parenchymal and pleural
abnormalities found more among ex-smokers than nonsmokers and more
frequently among current smokers than ex-smokers. The age standardized

data for the overall X-ray readings are shown in Table l4a.

Table 14b lists the percentage distribution of swoking histories ac-
cording to job category. As the unexposed group contains 259% more
current smokers than the other exposure groups, the X-ray results,
where possible, should be standardized for cigarelte smoking as well as
for age. This can be done for major work categories, but is unreliable
for most subcategories because of the absence of data in some smoking-
age cells. The standardization procedure follows that of age standard-
ization and utilizes the overall smoking historics of the study group

(31.6% were smokers; 42.4%, ex-smokers: and 26.0% nonswmokers).
b bd b

Standardized X-ray abnormalities by work activity

Table 15 lists the age and smoking standardized percentages of X-ray
abnormalitics among those with no identificd asbestos exposure, those
engaged in brake maintenance and repair, and those with probable asbes-
tos exposure, including auto body repair work. The overall percentage
of abnormal X-rays among individuals with probalble asbestos exposure
differs éignificantly from thosc unexposed (P<0.005, two sided). The
difference is particularly significant (P<0.0002) for pleural abnor-
malities. This occurs because pleural abnormalitics often appear from
relatively low asbestos exposures and can exceed parcenchymal abnormal-
ities in prevalence at long times from onset of exposure. (See Anderson,
et al. 1976, e.g.) As many of the individuals in this "probably exposed™
category worked during VWorld War II in shipyards, we are observing

effects in this group after 35 years from onset of exposure.

Table 16 lists the age and smoking standardized percentages of abnor-
malities according to garage activity and union. There is relatively
little difference between the percentages of abnornal X-ray for the

auto workers of UAW Local 259 while a large and significant (p < 0.05)
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Age standardized rercentage of X-ray

abnormalities according to smoking history
(all exposure categories)

Smoking History

Smoking
Abnormality Smokers Ex-smokers Nonsmokers standardized
Pleural 14.0 11.2 9.1 11.5
Parenchymal 26.3 16.0 13.9 18.8
Any 32.6 22.9 20.4 25.3
Table 14b
Percentages of distribution of smoling histories
according to job calegory
Smokers Fx-snmokers Nonsmokers
No exposure including 39.1 39.1 21.7
non-mechanic garage work
Brake work 29.1 43.1 27.8

Probable asbestos exposure 31.8 42.0 26.1
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Table 15

The age and smoking standardized percentages
of X-ray zbnormalities according to exposure category

Exposure category Pleural Parenchvmal Any

No identified asbestos exposure 8.4 * 1.6 15.8 + 2.1 20.1 %
Non-garage work 10.4 £+ 2.3 17.0 % 2.8 21.9
Garaée work but no 6.6 £ 2.2 14.4 £ 3.5 17.8 *
brake work

Brake work 7.2 £ 1.3 19.3 % 2.2 26.4 % 2,

Prob;bié asbestos exposure 19.8 + 2.7 19.9 £ 2.7 32.5 #

including body work
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Table 16

Age and smoking standardized percentages?® of X-ray abnormalities
for different groups of garage workers according to work activity

Croup
UAW UAW DC 37
Work activity 259 595 SEIU Overall
Brake work? 19.8 * 3.0 28.9 + 4.0 24.4 * 2.5
No brake work? 17.3 £ 3.3 21.7 * 4.4 18.7 4.7  20.1 2.5
Percentage of participants 3
with other asbestos exposure 15.1 16.3 25.8 21.5

1 Standardized to-age and smoking distribution of all 983 men for whom
readable X-rays were available.

2 No identified asbestos exposure.

3 Does not include 12 individuals with asbestos exposure during
amphibious vehicle construction.
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Among those members of Local 259 of the UAW who werc examined, 27 had
been examined previously (Lorimer, 1976). Table 19 shows the compari-
son of the two sets of readings for these individuals. Of the 27 pairs
of X-rays read, ten received identical readings. The 1979/1980 reading
was one subcategory higher than that of 1974 in seven; in six it was
one subcategory less. One reading was two subcategories higher in
1879~80 and three were two subcategories lower. Thus the overall read-
ings were very similar between the two periods of time and there was no
evidence for any progression of fibrosis among the small group of

individuals examined in two periods of time.

Auto body repair and undercoating work

The highest percentage of X-ray abnormalities in any group observed in
this study was among men employed in auto body shops for varying pe-
ricds of time (38.6% versus 24.5% for brake workers and 18.0% for
garage workers who did no brake work). While relatively few men were
in the category, the percentage of abnormalities was significantly
higher than garage workers who did no brake repair (P<0.05, onc-sided).
The average time of employment of the group in body shops was 13.3
years. Of those employed more than 20 years, 5 of 7 (71%) had abnormal

X-rays.

In past years asbestos was commonly used as a reinforcing agent in
plastic auto body fillers used for dent patching. ELxtensive dust
cxposure was common as the material was sanded smooth. The extent of
asbéstos exposure is unknown becsuse no fiber counts are available from
such operations. TFortunately, with the increased awareness of asbestos
hazards and with the jutroduction of the occupational asbestos stand-
ard, most manufacturers removed asbestos {rom their formulations. 1In a
current (1981) analysis of six compounds used in shops employing UAW
259 members, no asbestos was jdentified. However, while current ashes-
tos risks no longer exist in these sheps (at least to ovr Lonowlcdge),
persons  exposed previously should be made avare of their asbestos
exposure, the risk associated viih it, the synergistic effect of cigar-

etce swoking, and the desirability of appropriate medical surveillance.
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Table 19

Comparison of X-ray readings

of garage employees 1974*]9792@

1974 1879/1980 Reading
reading 0/1 0/1 1/C 1/1 1/2
0/0 6 2 0 0 0
/1 5 4 4. 1 0
1/0 0 0 0 0 0
.1/1 0 3 0 0 1

1/2 0 0 0 1 0
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Automobile undercoating materials also contained asbestos as a rein-
forcement fiber and disease had been suggested in individuals engaged
principally in undercoating work. Thirteen men vere identified in this
study with significant periods of undercoating work. 0f the group
three had abnormal X-rays, but two of the three also work in body
shops. Thus, we have insufficient data to evaluate a risk from this
activity in this population. Parenthetically, numerous other men re-
ported having occasionally (one to two Limes per year) applied under-
coating materials. These individuals were not sepregated in any analy-
sis. In all cases vhere undercoating was done, ready-mixed compounds
were utilized. It would be expected that the spraying of such material
would not lead to the relecase of high concentrations of resirable
asbestos fibers. However, the grinding underfoct of dry, over-sprayed

material on shop floors could release the encapsulated fibers.

Effect of previous shipvard employment

0f the 983 individuals with readable X-rays, &7 had been previously
employed for-some period of time in a shipyard, ¢cnerally during World
War 1I. Overall, 39.1% of the X-rays ol this group were ahbunormal, QOn
an age standardized basis, 28.6% werc abnormal compared to 20.5% for
all groups unexposed to ashestos (control group, garage vorkers with no
brake or body work exposure, and those exposed only to other dusts).
Because of the reclatively small number of cases, the difference between
these percentages is not significant at P<0.05 level. Tables 20 and 21
show the numbexr and percentages of abnormal X-rays according to vears
of shipyard employment and time since onset of shipyard work. To the
extent possible, age standardized percentages have been calculated for
each exposure category although, with the small numbers in a given time
cell, the procedure has large statistical uncertaintics. The average
time of employment of all 87 individuals in shipyard work was five
years. 4s few (15) worked longer than teon years, the data in Table 20
on the trend according to shipyard employsent are unstable because of
the small numbers in longer term employment categories. Jn Table 21
Lhovever, a5 significant treud with years since onset of shipyvard employ-

ment is seen.  On oan age standardized basia, 37.9% of those with more
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Number and percentage of X-ray abnormalities

according to vears of shipyard emplovinent

Years of shipyard employment

Parenchymal
reading 0-4.9 5-9.9. 10-14.9 15-19.9 Totals
Normal pleura
0 31 14 4 4 53
1 3 4 0 2 9
2 1 0 0 0 1
Abnormal pleura
0 7 1 4 1 13
1 ) 8 2 0 0 10
2 1 0 0 0 1
Any 20 7 4 3 34
abnormality 3%.2% 33.3% 50.0% 42.9% 39.1%
Age“
standardized 27.29% 24.7% 45.59% 37.1% 28.6Y%

percentage of
abnormality
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Table 21

The number and percentage of X-rav abnormalities
according to years from onset of shipyard employnent

Years since onset of enployment

Parenchymail
abnormality < 10 10~19.9 20-29.9 30-39.9 40+ Totals
Normal pleura
0 3 3 12 33 2 53
1 0 0 2 7 0 9
2 0 0 0 1 0 1
Abnormal pleura
0 0 0 2 9 2 13
1 0 0 0 9 1 10
2 0 0 0 1 0 1
Any 0 0 4 27 3 34
abnormality 0.09% 0.0% 25.0% 45.0% 60.0% 39.1%
Age
standardized - - 19.2% 36.6% 47.6%  28.6%
percentage of 37.9%*
abnormality

B

* Age standardized percentage of those 30 or more years from
onset of shipyard employment.
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than 30 years from onset of shipyard employment had abnormal X-rays.
This percentage is different from that of unexposed individuals at a

P<0.02 (two-sided) level of significance,

It is possible to compare the results of the prevalence of abnormal
X-rays among different shipyard populations, 30 years or more from
onset of employment. The finding here of 17% more X-ray abnormalities
compared to controls among former shipyard workers, employed for an
average of five years, is in agreement with studies of the effects of
long~-term shipyard employment. In a study of ship repair workers,
employed for more than 20 vears, 87% of the X-rays of those 30 or more
years from onset of employment were abnormal (Selikoff, Nicholson, and
Lilis, 1980). The percentages of abnormal X-rays in the two groups are

approximately in the ratio of the periods of employaent.

Evidence of malignancy

In any X-ray screening of a population of this size, it would not be
unexpected tﬂat a chest malignancy would be identified. Such was the
case with cne individual in this study. He was referred to the chest
service at lMount Sinai Hospital for follow-up diagnosis. His broncho-
genic carcinoma was not operable, and while alive two years later, was
in poor condition. Parenthetically, at examination his CEA level was
1.3 nanogram/ml and his sputum analysis showed moderate atypia, but no

malignant cells present.

PULHONARY FINCTION TESTS

Principal spirometric tests

Tables 22, 23, 24 and 25 shov the nezn values of forced vital capacity
as a percent of that predicted (100 x FVC/PTVC), the {orced erpirztory
volume in 1 sccond as a percent of forced vital capacity (100 x FEVl/
FVC), the forced expiratory volvme in 1 scecond as a percent of that
predicted {100 x }Evl/PFEV]), and the maxinal midexpiratory flow be-

tween 25% and 75% of forced wital capacity as a percent of that pre-
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dicted (100 x MMF/PMMF) according to job category and smoking history.
The prediction equations used were those of Miller et al. (1980) (Sce
Table 3). The distribution of these parameters is shown in Tables 26,
27, 28, 29. With the exception of auto body workers and garage workers
who do not work with brakes, there are no differences between the means
or in the distributions of the three principal spirometric test results
(Fvec/PrVC, FEVl/PFEVI, FEV,/FVC ) for all other groups of workers,
including those with possible past exposure to asbestos. Vhile there
are some differences between the various job categories in smoking
category subgroups, these are largely the result of stetistical varia-
tions. The more stable, swoking standardized data, show virtually
identical results for the unexposed control population, brake workers
and individuals exposed, or possibly exposed, to asbestos. These data
are shown in Table 30. This might be anticipated as only marginal
differences were seen in the percentage of X-ray abunormalitics among
individuals in dif{ferent work categories. As forced vital capacity is
usually a less sensitive determination of asbestos-related changes than
the presence of X-ray abnormalities and forced expiratory volume iu one
second relates to exposures other than asbestos, the absence of s
definite trend among the groups with varying asbestos exposure is not
unexpected (see scction on measures of small airvay diseasc for a

discussion of MME/PMME) .

Measures of small airway disease

As was seen in Tables 22-24, with the exception of non-mechanic garage
workers and those men engaged in auto body vork, no differences existed
in the means of the spirometric test results betveen the three major
occupational groups studied, those unexposed to asbestos or to garage
work, those engaged in brake  work, and those with a probable asbestos
exposure. However, in the case of MUE/BEWE (Table 25) individuals with
en identilied asbestos exposure had a lower smoking standardived mean
compared to those in the other Lwo categories although nol at a P<0.05
level of significance. The uncxposed control group had the highest
mean values, followed closcly by mechanics engaged in brule work.

Thoso with identified and possible exposure to asbestos had interme-



The distribution of forced vital capacitv
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Tablg_gé

as a percentage of that

by

predicted (100 x FVC/PFVC)

job category and smoking history

100 x FVC/FVCP

Job category <60 60-79.9 80-99.9 100+
Smokers
No identified asbestos 0 5 29 11
exposure or garage work (0.0) (11.1) (64.4) (24.4)
Garage ewployment 2 7 23 4
but no brake work (5.6) (19.4) (63.9) (11.1)
Brake work 1 20 67 40
(0.8) (15.6) (52.3) (31.3)
Body work 0 0 11 ]
(0.0) (0.0) (91.7) (8.3)
Ex-smolkers
No identified asbestos 0 4 27 16
exposure or garage work (0.0) (6.5) (57.5) (34.0)
Garage employment 2 9 16 16
but no brake work (6.7) (20.9) (37.2) (37.2)
Brake work 2 21 75 84
(1.1) (11.5) (41.2) (46.2)
Body work 1 1 10 3
(6.7) (6.7) (66.7) (20.0)
Nonsmokers
No identified asbestos . 0 3 11 11
exXposure or garage work 0.0) (12.0) (44.0) (44.0)
Garage employment 0 4 16 9
but no brake work (0.0) (13.8) (55.2) (31.0)
Brake work 2 7 59 50
(1.7) (5.9) (50.0) (42.4)
Bedy work 0 0 4 1
(0.0) (0.0) (80.0) (20.0)

() = Percentage



The distribution of forced expiratory volume
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as _a percentage of forced Giggl capacity (I

according to job category and smoking hist

in one second

00 x JEV,/FVC)

OI'_Y_

100 x FEV, /FVC

Job category <55 55-64.9 05-74.9 75-84.9 85+
Smokers
No identified asbestos 0 7 12 17 9
exposure or garage work (0.0) (15.6) (26.7) (37.8) (20.0)
Garage employment 0 4 10 18 4
but no brake work (0.0) (11.1) (27.8) (50.0) (11.1)
Brake work 4 11 42 53 18
(3.1) (8.6) (32.8) (41.4) (14.1)
Body work 1 0 3 8 0
(8.3) (0.0) (25.0) (66.7) (0.0)
Ex-Smolers
No identified asbestos 3 3 8 23 10
exposure or garage work (6.4) (6.4) (17.0) (486.9) (21.3)
Garage employment 3 2 14 18 6
but no brake work (7.0) (4.7) (32.6) (41.9) (14.0)
Brake work 1 9 35 99 38
(0.6) (5.0) (29.2) (54.4) (20.9)
Body work 1 0 6 6 2
(6.7) (0.0) (40.0) (40.0) (13.3)
Nonsmokers
No identified asbestos 0 1 2 19 3
exposure or garage work (0.0) (4.0) (8.0) (76.0) (12.0)
Garage employment 2 2 5 15 5
but no hrake work (6.9) (¢.9) (17.2) (51.7) {(17.2)
Brake vork 0 0 26 64 28
(0.0) (0.0) (22.0) (54.2) (23.7)
Body work 0 ] 0 3 1
(0.0) (20.0) (0.0) (60.0) (20.0)

( ) = perceutage.
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Table 28

The distribution of forced expiratory volume in one second
to that predicted (100 x FEV /PIEV ) by job calegory
and smoking hlSLO]V

100 x VLV /PFEV,

Job category <60 60-79.9 80-99.9 100+
Smokers
No identificd asbestos 0 5 19 21
exposure or garage work (0.0) (11.1) (42.2) (46.7)
Garage employment 1 6 20 9
but no brake work (2.8) (16.7) (55.6) (25.0)
Brake work 2 14 57 58
(1.6) (8.6) (44.5) (45.3)
Body work 1 0 7 4
(8.3) (0.0) (58.3) (33.3)
Ex-smokars
No identified asbestos 2 2 15 28
exposure or garage work (4.3) (4.3) (31.9) (59.6)
Garage employment 4 3 17 19
but no brake work (9.3) (7.0) (9.5) (44.2)
Brake work 2 9 41 | 130
{(1.1) (5.0) (22.5) (71.4)
Body work 1 1 6 7
. 6.7 (6.7) (40.0) (46.7)
Nonsmokers
No ddentified asbestos 0 0 7 18
exposure or garage work (0.0) (0.0) (28.0) (72.0)
Garzge employment : 1 1 9 18
but no brake work (3.5) ( 3.%) (31.0) (62.1)
Brake work 1 4 29 84
{0.9) (3.4) (24.6) (71.2)
Jody work 0 0 3 2
(0.0) (0.0) (60.0) {(40.0)

()=

percentage
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Table 29

The distribution of forced cxpiratory flow between 25% and 759 of
forced vital capacily as a percent of that predicted

(100 x MMF /PHME) according to job category and smoking histoqz

100 » MMF/DPIRMF

Job category <60 60-74.9 75-89.9 90-104.9 105+
Snxolgg_x;s_.
No identified ashestos 10 3 5 12
exposure or garage work (25.6) (23.1) (7.7 (12.8) (30.8)
Garage employment 9 9 4 3 5
but no brake work (30.0) (30.0) (13.3) (10.0) (16.7)
Brake work 37 16 19 14 24
" (33.6) (14.6) (17.3) (12.7) (21.8)
Body work 2 3 2 1 3
(18.2) (27.3) (18.2) (9.1) (21.)
Ex-Smokers
No identified asbestos 7 5 7 5 18
exposure or garage work (16.7) (11.9) (16.7) (11.9) (42.9)
Garage employment 12 5 5 3 8
but no brake work (36.4) (15.2) (15.2) (0.1) (24.2)
Brake work 14 17 33 31 51
(9.3) (11.3) (22.0) (20.7) (36.7)
Body work 4 1 5 0 1
(36.4) (9.1) (45.5) (0.0) (g.1)
Nonsmokprg
No identificd asbestos 0 3 1 1 14
exposure or garage work (0.0) (15.8) (5.3) (5.3) (73.7)
Garage employment 3 5 5 6 5
but no brake work (12.5) (20.8) (20.8) (25.0) (20.8)
Brake work 1 11 16 21 41
(1.1 (12.2) (17.8) (23.3) 45 .6)
Body wvork 1 ] ] 0 1
(25.0) (25.0) (25.0) {0.0) (25.0)

( ) = percentage.
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Table 30

Smoking standardized! means and percentages of

abnormal pulmonary function tests by job category

Job category Mean value Pﬁﬁg%&&_~
100 x FVC/PrVC
No identified asbestos 95.7 £ 1.2 10.2 2 2.9
exposure or garage work
Garage employment 91.3 £ 1.5 23.2 £ 4.7
but no brake work
Brake work 96.9 + 0.7 10.9 * 1.6
Body work 92.9 & 2.4 5.7 4.0
Definite and possible 96.1 + 1.1 13.1 £ 2.6
asbestos exposure
100 x FEV_/PFEV,
No identified asbestos 102.6 * 1.6 7.2 £ 3.2
exposnre or garage work
Garage employument 97.6 £ 1.9 14.9 £ 4.9
but no brake work
Brake work 105.2 + 0.8 7.1 £ 1.3
Body work 97.6 * 3.4 8.3 % 4.8
Definite and possible 102.8 £ 1.3 §.7 + 2.1
asbestos ecxposure
100 x 1ME/PMHE
Yo identified asbestos 95.1 * 3.5 31.6 * 5.4
exposure or garage work
Garage employment buvt 80.5 * 3.6 49.5 7.5
no brake work
Brake work 93.6 £ 1.6 27.5 + 2.8
Body work 80.0 £ 8.8 46.€ * 13.5
Definite und possiblce 89.0 * 2.8 43.9 * 5.2

asbestos exposura

T gtandardized to the
monarv {unction test.
smokers, 206.0%).

2 Abnormal is less

and less then 75 for

than 8§90 for

100 x FVC/PFVC and 100 x

100 x MMF/PHMEF

smoking distribution of all with valid pul-
(Smokers, 31.6%; Fx-swmokers, 42.4%; Non-

TEV . /PFLV
Ln\l,lFEXl
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diate values and those non-mechanic garage workers the lowest values.
The difference between the mechanic and non-mechanic garage workers is
significant at the P<0.001 (two-sided) level. (Sce section on possible
nealth effects of non-mechanic garage employment.) The same difference
was seen in auto body repair workers, but, because of the smaller

number of individuals, it did not achieve significance at the 0.05

level (P=0.12).

Possible effects from non-mechanic girage employment

For the principal thrce spirometric tests, as well as for MME/ PMME,
individuals with garage cmployment, but who did not engage in brake
maintenance work, had significantly lower means and a greater percent-
age of abnormal pulmonary function results than either controls, brake
workers, or those with possible exposure to ashestos otherwise. Ve
investigated whether this may be the result of the greater percentage
of blacks and Mispanics employed in this category compared to other job
activities, coupled with improper pulmonary function standards for
these groups. Table 31 shows the percentage of individunals in the
various job categories according to their race. As can bo seen, among
those with garage cnployment, but no brake work, more than 409 were
black or Hispaunic compared to 28% of those with no identified asbestos
exposure and 167 of those who worked in brake maintenance and repair.
To the extent possible, we took into account the known differences
between black and white populations in the predicted standards for
forced vital capacity and forced expiratory volume in one second {(black
normals were 89% of those of whites). For Ifff the same prediction
paramelers were used for blacks and whites as Lhere appears little
, 1978). However,

data on these standards are relatively limited and they may not be

racial difference in flow rates (Schoenberg et al.

fully accurate. Tor Hispanics we used the same criteria as for whites
Table 32 shows the overall spivometric data according to race. As cen
be seen, the means for FUC/PFVC and FEVl/PFEV] for the black population
are gererally lower than the white population in all smoking categorics.
[The smoking staundardired differerce is significant et the P<0.01 level

(two-sided) fer FVC/PFVC.] On the other hand, the date for the Hispanic
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Table 31

The distribution and percentages by race
according to the work activity of study participants
who had valid pulmonary function tests

Race

Type of work activity White Black Hispanic
No identified asbestos 89 19 9
exposure or garage work (76.1) (16.2) (7.7)
Garage employment 63 40 4
but no brake vork (58.9) (37.4) (3.7
Brake work 356 56 15

(83.4) (13.1) (3.5)
Body work 24 6 2

(75.0) (18.7) (6.3)
ldentified and possible 177 19 3
asbestos exposure (88.9) (9.5) (1.5)
Totals 709 140 33

(86.3) (17.0) (4.0)
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The means of soirometric tests by race

Smoking history

Smoking
Race Current smokers Ex-smokers Nonsmokers standardized?
100 x FVC/PFVC
White 193.0%0.9 (222) 97.4%0.9 (306) 99.6+1.0 (187) 96.610.5
Black? 91.2+2.3 (53) 89.9%1.9 (51) 96.5%3.0 (36) 92.0%1.4
Hispanic 96.9%3.4 (9) 94.4%2.8 (17) 81.6%5.6 (7) 91.9%2.2
100 x IEV,/PFEV,
.White 896.2+1.1 (220) 104.9%1.1 (300) 110.041.2 (186) 103.5%0.7
Black! 93.412.8 (53) 100.4%2.2 (51) 106.8%3.6 (36) 101.4%1.6
Hispanic 105.0%5.3 (9) 101.7%4.7 (17) 95.345.9 (7) 101.143.0
100 x MMF/PMMF
White 77.5%2.2 (197) 92.7+2.3 (248) 102.942.5 (144) 90.6%1.4
Black . 83.5%4.9 (44) 89.8%4.7 (40) 95.5%6.1 (24) 89.3%3.C
Hispanic 95.9%14.1(7) 94.1%9.3(11) 113.3%6.4 (5) 99.7146.2

1 PFVC and PFEVl for blacks were 0.89 that for whites.

2 Standardized to the smoking distribution of all with valid pulmonary function
tests. (Smokers, 31.6%; Ex-smokers, 42.4%; Nonsmokers, 26.0%.)
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population is similar to that of whites with the exception of the
nonsmoking group, which is comprised of only six individuals. Thus,
the use of the same prediction function for Hispanics as for whites
would appear to be a correct procedure but the prediction correction

for blacks remains in question.

Table 33 depicts the means of FVC/PFVC and FEVl/PFEV] for blacks and
whites by smoking history and job catcgory and Tuble 34, the smoking
standardized means by race and job category. (Too few Hispanics were
available for this analysis.) As can be seen, the deficits for those
categorized as garage employees, but who do no brake repair or mainten-
ance work, exist for both racial groups. However, it 1is particulaxzly
notable for the blacks where the means of PVC/PFVC and FEV]/H‘EVl for
non-brake garage workers are 10% lower than for blacks ecuployed in
other jobs. The pulmonary function deficits in this group largely
account for the lower valucs seen for blacks overall in Table 32 and

suggest that proper normal spirometry parameters were used.

The origin of these deficits is not clear. The group is largely com~
prised of '"car jockeys,'" auto polishers, and new car preparalion men.
(There was considerable movement of individuals among these johs and
often a person would do all three.) They are cmployed in the same
facilities as the brake workers. Also included are a small group of
skilled mechanics vho would perform difficult mechanical or electrical
repairs, parts department personnel, and a few men in DC 37 who were
dispatchers working out of the repair arca. Table 35 lists the spiro-
metric data for the three groups in commercial garages, compared to
those engaged in brake work, those exposed to asbestos otherwise, or
the unexposed control group. As can be scen, the deficits are associ~
ated with the group working as car jockeys or car preparation men and
those cmployed in auto body shops. The differences in the smoking
standardized means for FVC/PFVC and FEVl/Pkﬁvl, betveen the car jockey-
vehicle preparation men and mechanics (including those who do brake

work) are significant at P<0.01 (two-sided).
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Table 34

Pulmoaary function results of garage workers who do not
repair brakes according to work activity and smoking history

Pulmonary

function Current .

parameter Snoker Ex~-smokers Non~smokers

Mechanical Work/Parts Department
FVC/PEVC 88.8% 3.4(6) 105.3% 1.4(4) 95.2+4.4(7)
FEVl/PFEV1 98.8% 4.3(6) 110.7% 6.5(4) 100.1+£6.2(7)
MME / PMME 106.1+14.7(6) 80.7% 7.5(4) 89.0%12.1(7)
Auto body repair work

FVC/PFVC 93.0% 2.8(12) 92.8+4.6(15) 92.9% 4.5(5)
FEVllPFEvl 95.9% 5.5(12) 96.9%5.5(15) 100.6% 6.5(5)
MMF / PMMF 82.3+ 8.8(11) 71.4%8.4(11) 91.3%27.9(4)

New vehicle preparation-car jockey-car polisher

FVC/PEVC 83.6% 4.7(15) 88.5% 3.1(21) 96.9% 6.6(8)
FEVl/PFEV1 87.0% 5.2(15) 93.7% 4.0(21) 108.3% 6.9(8)
MME/PMME 76.2%10.6(12) 81.0% 8.2(16) 94.2%15.3(5)
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Table 35

. . 1 .
Smoking standardized” pulwmonary function results of
garage workers who do not repair brakes
compared to other groups

Job category FVC/PFVC FEFI/PFEVI MMF /PMMT

No identified asbestos 102.6%1.6 102.6+1.6 95.1% 3.5
exposure or garage work

Brake work ‘ 96.9:0.7 105.2+0.8 93.6%1.6

Parts department 97.5+1.7 104.2£2.5 90.926.4

Body work 92.942.4 87.6%3.4 £0.0+8.8

Vehicle preparation 89.1+2,6 95.4%3.0 82.9+6.3

car jockeys, car

polishers

Definite and possible 96,1%1.1 102.841.3 89,022.8

asbestos expesure..

lStandardizmd to the smoking distribution of all with valid pulmon-
ary function test. (Smokers, 31.6%; Ex-swokers, 42.47; Non-
smokers, 26.0%.
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To the extent that occupational factors may be associated with these
deficits, the possibility exists that greater exposure to automobile
exhaust among individuals in this group has contributed to these find-
ings. A greater exposure could arise if the mechanics gencerally worked
on cars with engines off or, if onm, with exhaust hoses attached. That
auto exhaust may be contributory is suggested by the data of Ayers et
al. (1973) who have observed significant pulmonary deficits among
bridge and tunnel workers who are lLcavily exposed to automobile exhaust
during the course of their work in the bridges aud Lunncls in and
around New York City. There, deficits in forced vital capacity of 9%
for nonsmokers and 13% for smokers, compared te a normal population
(smoking not specified) were secn. Greater deficits were seen {ox
various measurcs of airway flow. The associaticn of autemobile exhaust
with the deficits in pulmonary function among a limited group of garage
workers is, of course, only suggestive. Tor a definitive association
to be demonstrated, it is necessary that a detailed study be made of
the work activitics and the exposurcs of this group of workers in order
to determine if they do have significantly more cxposurc to aulto cx-

haust than do garage mechanics.

Auto body repair

Workers who were engaged in auto body repair had mean values for the
various spirometric tests that were considerably lower than those of
garage mechanics, unexposed controls aund even the groups cxposed to
asbestos otherwise. Because of the few individuals in this group, the
differences between the aute body warkers and garage mechanics only
achieve two-sided statistical significance for FEV}/PFEV1. In addition
to asbestos and other dusts, which could primarily aifect ¥VC, the auto
body shop worlers are exposed to solvents from paints and fillers, and
welding fumes. The manifestations of discase reen in both the X-rays
and the pulmonary function tests in the limited populations obsexved in
this study warvant further definiation. Similarly, an industrial
hygiene survey of the moterials to which auto body repairmen are cx-

posed is also necessary.
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Correlations between X-ray abnormalities and pulmonary function tests

Teble 36 lists three pulmonary function results according to the X-ray
reading of the individuals. Two criteria were utilized for X-ray
abnormality, a 1/0 or greater parenchymal reading and/or any pleural
change, including the presence of diaphragmatic plaques, and a 1/1 or
greater parenchymal reading and/or pleural thickening or calcification.
(The prescnce only of a diaphramatic plaque was not considered abnormal
in the latter criterion.) The results show that in general those with
abnormal X-rays have lower pulmonary function than those with normal
X-rays. This is evident for smokers and ex-smokers. The pulmonary
function means for the nonsmokers, however, are the same for those vith
abnormal X-rays as for those with normal X-rays. This is to be ex-
pected as minimal asbestos effects can be seen on X-ray before signi-
ficant deficits in FVC occur. However, even minimal asbestos effcets
can be exacerbated by smoking, leading to the deiicits seen in Table
36. The data of Table 36 are comsistent with the previous discussed
data suggesting a greater percentage of X-ray abnormalities among
current and previcus smokers compared to unounsmokers. Also, as ex-
pected, the pulmonary deficits in those with abnormal X-rays are great-

er vhen the criteria for abnormality is wmorc stringent.

Comparisons with other populations

Table 37 provides a comparison between pulmonary function results
measured in this study and those determined in a study of the general
population of Michigan (Miller et al., 1980). TFor this comperison, the
non-mechanic garage workers are cxcluded because of factors that may be
unigue to that group. The studies overlapped considerably in time and
the same Lechnical personnel were used in each. (The field dates for
the Michigan survey were Fcbruary 1978 through December 1979 and for
this study, May 1978 through Febrnary 1980.) The purpose of the Michi-
gan survey was to measure levels of polybrominated biphenyls in blood
and adiposce tissuc and to evaluate other health indicators. The group
vas chesen by a rondem selection process using liichigan phone numbers.

Predicted values: utilized the regression cquations for the data of
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Table 36

The means of spirometric values according to X-ray

reading and smoking history using two criteria

for X-ray abnormality

Spirometric X-ray reading
parancter Normal Abnormal Normal Abnormal
(x 100) (1/0, P1.Th. or Pgs.) (1/1 or P1.Th)

FVC/PFVC 92.7%1.1 (176)  91.6%1.6 (84) 9410i1.0 (213) 89.2%2.3 (43)

FEVl/PFEvl 97.2%1.3 (175) 94.0%1.9 (83) 96.811.2 (212) 89.012.5 (42)

MME/PHME 80.3%2.6 (152) 76.143.8 (73) 80.742.3 (190) 69.5%5.2 (35)
Ex-smokers

FVC/PFVC 97.240.9 (264)  92.4%1.9 (81) 98.1%0.9 (299) 96.142.7 (43)

FEVl/PFEVl 105.241.1 (264)  98.7%2.5 (81) 104.141.0 (299) 96.1%£3.3 (43)

MMF/PHME 92.4%2.3 (216) 89.4%4.8 (62) 91.6%2.3 (243) 91.3%6.0 (34)
Nonzmokers

FVC/PEVC 98.5%1.2 (173)  98.3%1.6 (48) 99.811.1 (191) 99.212.3 (24)

FEVl/PFEvl 108.8%1.4 (172) 110.2%1.9 (48) 108.5%1.2 (190) 108.6%2.5 (24)

MME/PMMF 101.0%2.5 (127) 105.3%4.9 (37) 101.9%2.4 (144) 107.6%7.1 (17)

in category

( ) = Number



A comparison of spirometric

Table 37

results in this cohort

with those observed in the general populaticn o

f Michigan #

Observation eroup

This stuvdy (excluding
non-mechanic garage

Michigan
generai

workers) population

Smoking history Blacks Whites Whites
100 x FVC/PEVC

Smokers 96.5+2.4 84.3%1.0 94.7

Ex—-smokers 93.7+2.3 98.6+0.9 97.3

Nonsmokers 98.2x3.7 101.1%1.1 99.2
100 x FEVy/PFEV)

Smokers 104.1+2.7 95.5%1.2 96.1

Ex-smokers 102.4+2.6 104.8+£1.1 101.6

Nonsmokers 106.7%4.3 110.2+1.2 105.8
100 x MMF/PMMF

Smokers 90.2%5.2 76.5%2.4 80.5

Ex~smokers 90.8+5.5 95.5x2.3 88.2

Nonsmokers 98.9+6.0 106.6%2.6 97.6

* Predicted values were obtained from the data of

Morris et al.
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Morris et al., 1971). As can be seen, the data for the whites in this
study compare very favorably with Michigan white males. (Had the

non-mechanic garage workers been included, mean values from 1% to 2%

lower would have been obtained (c.f. Table 30).

A variety of different research groups have produced regression equa-
tions for pulmonary function parameters on the basis of measurements on
"normal" populations. The equations of Kory et al, 1961; Cherniak and
Raber, 1972; and Morris, Koski, and Johmson, 1971, particularly, have
gained widespread acceptance for cemparative purﬁoses. The populations
utilized and the criteria for acceptable data are shown in Table 38 for
these three studies along with five others that have also established
regression equations for normal populations and this study. As can be
seen, only two of these research groups included only unonsmokers in the
study group. A third included iudividuals who smoked for less than six
months and one included individuals who were cx-smokers of less than
five-pack years of ciparettes. In some cases averages of best efforts
were utilized; in others, values for all parameters were taken f{rom the
flow volume curve of the best cffort as determined by forced vital
capacity. Of most importance, a considerable diversity exists in the
age distributions of the study populations selected. Values for FVC
and FE\’1 increase until about age 25, then remain relatively unchanged
until about age 35, and thereafter declining steadily with age. Be-
cause of this complexity, regression equations, based upon a wide range
of ages and utilizing only a single linear term to account for age, can
be significantly in error. The errors are such as to produce overesti-
mates of pulmonary functions for young and older groups and underesti-
mates for those in the middle years (see, e.g., Schoenberg et al.,
1978). As the population in this study is largely between the ages of
40 and 70, most regression ecquations are likely to understate the
values for these parameters. Additionally, lower predicted values will
clearly be obtained from populaliens that include smokers or from
studies that include averages of ceveral expiratorv effortg rather than
the maximal ones. The use of standards fiom such populations can lead
to underestimates of effect from agents in the workplace that can

affect pulmenary function.
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In this study valid pulmonary function tests exist for 163 nonsmokers
in other than the non-mechanic garage group. The previous discussion
has indicated their pulmonary function parameters (FVC, FEVl and MGIF)
compare favorably with the group studied by lMorris, Koski and Johnson.
It is instructive to utilize the regressicn equations from the above
studies of normal populations to obtain other comparative data. The
various regression equations utilized are shown in Table 39 and the
percent ratios of observed to predicted spirometry parameters are
listed in Table 43, As can be scen, the values obtained for FVC/PFVC
and FEVlfPFEvl are in excess of 1.00 for all recgression equations.
This is the result of the inclusion of smokers among comparvative groups,
the use of averages of several efforts, or the underprediction result-
ing from the broad age distributions utilized for the regression equa-
tions. MHigh wvalues of FEVI/PFEvl result, in part, from an extrapolated
origin of egpiration (c.f. Tablec 39). The values for MME/PMIF, FEFSO/-
PFEFSO, and FEF75/PFEF75 are less than 1.00 for the prediction equa-
tions of Cherniak and Knudson. This is the resull of their use of the
maximun flow value obtained in any effort rather than the flow in the
effort with maximum FVC. Tt is generally found that lower flow rates
are obtazined during the achievement of a maximal TVC. The Horris,
Koski and Johnson equations would appear to give the best comparison
for FVC1 and MMF because a large proportion of their population was
above age 30, only nonsmokers were studied, and the best cffort was
utilized. The very complicated equation of Schoenberg, which was
developed to properly take account of age, is limited by the relatively

few individuals over age 30 and the use of averages of efforts.

Regression equations for the various spiromeiric parameters obtained
from data on the 163 white, nonsmolcers tested in this survey are listed
in Table 41. Because only Lhree individuvals were under age 30, only

the lineair dependence on age could be esicblished.

PHYSTCAL FEYAMTHATION RESULTS

Table 42 lists the mmber and percentage of abnosmalities found on phy-

sical examination according to job category and organ system. The only
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Table 39

The parameters in regression equations for the
prediction of spirometric functions in nine studies

Study x Ht. (in.) x Age (yrs.) Constant
FVC
Morris et al. 0.148 -0.025 -4.241
Miller et al. 0.147 ~-0.026 -4.053
Cherniak & Raber 0.12102 ~0.01357 -3.18373
Knudson et al. 0.1651 -0.029 -5.459
Ferris et al. 0.11684 -0.027 -2.79
Kory et al. 0.13208 ~0.022 -3.60
Bass 0.159 -0.023 -5.72
Higgens & Keller 0.15748 -0.024 -5.38
FEV]
Morris et al. 0.092 -0.032 -1.260
Miller et al. 0.094 -0.022 ~1.426
Cherniak & Raber 0.09107 -0.0232 -1.50723
lnudson & Keller 0.13208 -0.027 - -4,203
Ferris et al. 0.07366 ~0.028 -0.70
Kory et al. 0.09398 -0.028 -1.59
Higgens & Keller 0.11684 -0.028 -3.18
i
Morris et al. 0.047 -0.045 +2.513
Miller et al. 0.044 -0.046 +2.800
Cherniak & Raber 0.05948 ~0.037 +2.61187
Knudson et al. 0.1143 -0.031 -1.864
Higgens & Keller 0.05588 -0.044 +1.89
FEFSO
Cherniak & Raber 0.06526 ~0.03049 +2.40337
‘nudson et al. 0.069 -0.015 -5.4
Higgens & Keller 0.0635 -0.037 +1.577
Michigan 0.10255 ~0.0252 -1.1121
FEF75
Cherniak & Raber 0.0903 ~0.01987 +2.72554
Knudsou et al. 0.044 ~0.012 -4.143
Michigan 0.0497 ~-0.02895 0.03562
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Table 41

Prediction équations determined for

various spirometric parameters from

163 nonsmoking whitest in this study

|3

Parameters Regression equation R
FveC 0.0136 x Ht. - 0.0267 x Age .29 0.43
FEVl 0.0858 x Ht. ~ 0.0270 x Age .792 0.43
MMF 0.0159 x Ht. - 0.0289 x Age . 017 0.09
FEFSO - 0.0033 x Ht. - 0.0259 x Age .124 0.04
FEF75 0.0060 x Ht. - 0.0196 x Age 2. 093 0.12

1 No non-mechanical garage workers are included. However, there

were no other exclusions

based on health information.or job.
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circumstance in which a statistically significant greater percentage of
abnormalities is found is for abnormal lymph glands among the popu-
lation serving as an unexposed control. With the number of subcate-
gories cstablished in Table 42, such s finding would be expected on the

basis of chance alone. We attribute no significance to it.

Table 43 shows the number and percentage of individuals with rales or
finger clubbing according to their X-ray reading. A greater percentage
of individuals with abnormal X-rays have dry rzles than do individuals
with normzl X-rays. The numbers, however, are so small that the data
do not achieve significance. There was no correlation of finger club-
bing with X-ray findings. Overall, rales were observed in 4.8% of the
entire study group and clubbing in 2.6% compared to 25.2% with abnormal
X~-rays [or 13.1% if more stringent X-ray reading criteria were utilized
(c.f. Table 11)]. Thus, in contrast to earlier data {rom Great Britain
(British Occupational Hygiene Committee, 1968), it would appear that
the presence of X-ray abnormalitics is a considerably wore sensitive
parameter than rales (or restrictive pulionary function deficits) for
the categorization of asbestos disease. This has also been seen in
several other asbestos-exposed groups, including shipyard workers {to
be published) and chemical or oil refinery maintenance cmployees (Lilis

et al., 1980).

Data for the blood pressures are shown in Table 44 according to age,
job categofy, and race. As can be seen, the systolic and diastolic
blood pressures of the blacks are significantly above those of the
whites. Systolic pressures increase from 5 to 7 percent per decade and
diastolic from 2 to 3 percent each decade with the rates of increase
being greater for blacks than whites. The analyses of the age stand-
ardized blood pressures according to smoking history or job category
are shown in Table 45. White cigarette smokers appeear Lo have somewhat
lower blood pressures, but this could be artifactual as it is not
reflected in blacks. Yo significant diffcrences are seen in the analy-

sis of blood pressures accordiup to work activity.
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Table 43

The number and percentage of individuals

with rales and/or finger clubbing
according to X-ray rcading

X-ray reading

Normal Abnormal
Rales present 30 (4.3) 17 (6.9)
Clubbing present 16 (2.6) 6 (2.7)
Both rales and clubbing 3 (0.5) 1 (0.5)

present™

>t

he cases with both rales and clubbing ave included
in the separate categories as well.
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Table

The systolic and diastolic blood pressures

race and

]

b

Race

White

spanic

H

Black

Age

Systelic pressure

(1)
123.2 = 2.6 (6)

120.0

137.0 = 3.0 (2)
1

3.8 (13)
+ 1.9 (67)

+

123.4
126

29

20 -

8.4 * 5.1 (10)
143.4 £ 6.1 (12)
146.7 £12.0 (3)

o~
—~

8)

3.3 (2

142.7 + 2.7 (41)
155.4 * 4.0 (28)

+

134.0

3)

~f
[

(

6.8 + 1.1 (283)
142.9 £ 1.6 (170)

128.0 = 1.4

1

49

40 -

3

(e
O

O

6.8 (12)

o+

5o

\O
L]

+ 5.0 (13) 6

152

§

/

Age

i

143.2 * 1.0 138.7 = 3.9

135.4 * 0.6

ized

-

standard

Diasteolic pressure

(1)

75.0

76.2 £ 1.8 (13)
81.3 = 1.0 (&7)

(@Y
[QN]

20 -

72

39

30 -
40 - 49

50 - 59

.30 2.2 (19)
2.1 (12)
81.3 * 5.9 (3)

79
9.1

o
(V]

(A1)

2.6

+|

855.3

(143)

83.1 = 0.8

+

o]
(o}

-7

+1

g0
(o2}

[43)

I~

1~
~—r

§5.8 £ 0.8

60 - 69

+1
1a}

(@8]
Ch

70+
Agez

1.8

84.4

1.1

+

(%))

84.6 * 0.4

ized

h

ral

i

o

nd

3

~
3
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45

Table s

Age standardized systolic and diastolic

blood pressures according to race,

smoking history, and job catecery

Race
Smoking history White Black
Systolic
Smokers 131.5 + 1.3 140.8 * 3.3
Ex-smokers 137.3 £ 1.0 143.4 2 2,2
Nonsmokers 135.6 = 1.4 141.7 * 3.8
Diastolic
Smokers 82.9 £ 0.8 88.5 & 2.1
Ex~-smokers 85.3 = 0,6 90.0 = 1.6
Nonsmokers 84.8 + 0.7 86.3 * 2.3
Job category White Llack
Systolic
No identificd exposure 140.1 % 2.5 "150.4 % 5.3
Garage work but
no brakes. 136.1 + 2.7 135.4 = 4.0
Brake work 134,5 * 1.0 140.5 = 2.7
Asbestos exposure 135.5 + 1.4  149.6 * 5.2
- - Diastolic
Nowidentified exposure 85.1 = 1.2 89.9 * 3.6
Garage work but
no brakes 85.5 % 87.8 %
Brake work 84.4 = 0.6 87.0 =
Asbestos exposure 84.4 £ 0.6 94.9 = 2,
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LABORATCORY FINDINGS

The data on the blood analyses (CBC and SMA) are shown in Tables 46 and
47. No unusual findings are present for any parameter. The means of
the various parameters according to job category are listed in Table 48
and do not show anything remarkable. Tables 49 and 50 show the results
of the analysis of sputum specimens for abnormal cytology and the blood
analysis for carcipogenic embryonic antigen (CEA). They show no find-
ings suggestive of neoplasia, most values are within the normel range.
Further, there is no differcnce in the distribution of cither parameter

for the different job categories.

MRC RESPIRATORY SYMPTGOHS

The principal results of the respirvatory symptoms questionnaire are
gshown in Tables 51, 52 and 53. Tables 51 and 52 show the rupected
correlation with cigavetie swoking. 1n Table.SB, the smoking stand-~
ardized percentages of chronic bronchitis and shortnesg of breath

categovries are listed for differcnt job categories.

NICKEL CONCENTRATIONS IN WEILDERS

As part of a study to asscss effects on welders, plasma nickel concen-
trations' were measured in twelve welders in the centrel preup engaged
in amphibious vehicle construction. The results zre shown in Tahle 54
and indicate that the particular group within this study had higher
nickel concentrations thun a group of 62 welders in a large shipyard
and ten times the concentrotion of hespitzl contrele. Yhils no physio-
Jogical effccts can be associated with such concentratiens, the texic
and potentially carcipogenic effects of nickel vould supgest identifi-

cation of the exposurc source and implenentation of sbatoxent measures.
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Table 46

The distribution of blecod count values
(CuC Analysis)

Range (See headings Individuals within range
. for concentration unit) Number Percentage

White blood cell count (thousands) [3.9-11.3]

< 3.00 1 0.1

3.00 - 4.99 70 7.9

5.00 - 6.99 342 38.7

7.00 - 8.99 308 34.9

9.00 -10.99 124 14.0

2311.00 39 3.1

ped blood ccll count (millions) [4.3-56.3]

< 4.25 5 2.0

4,25 - 4.74 130 14.7

4.75 - 5.24 462 52.3

5.25 - 5,74 | 228 ’ 25.8

5.75 - 6.24 34 3.8

> 6.25 12 1.4
Hemoglobin (gn/dl) J12.8-18.2.

<13.0 12 1.4

13.0 - 13.9 54 6.1

14.0 ~ 14.9 237 26.8

15.0 - 15.9 335 37.9

16.0 - 16.9 186 21.0

17.0 - 17.9 54 6.1

> 18.0 6 0.7
Hematocrit (percent) [38.9-54.9]

<37.5 4 0.5

37.5 -39.9 13 1.4

40,0 —-42.4 92 10.4

42.5 =45.9 245 27.7

45.0 =47.4 308 34.8

47.5 -49.9 154 17 .4

50.0 =52.4 53 6.0

>52.5 15 1.7

[ 1 = Laboratorv normal ranoe
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Table 47

The distribution of concentrations of
various blood components (SMA Analveis)

Range
(See headings for Within range
concentration unit) Nuuwber Percentage

Glucose (mg/dl) [65-125)

< 80 46 5.0

80 -~ 99 415 46.8

100 - 119 294 33.2

120 - 139 61 6.9

140 - 159 25 2.8

2_160 47 3.5
Urea-nitrogen (ng/dl) [§-25]

< 10 44 5.0

10 - 14 250 28.2

15 - 19 420 47 .4

20 - 24 150 16.9

> 25 22 2.5
Creatiuire (np/dl) [0.7-1.5)

< 0.80 5 0.6

0.50 - 0.99 113 12.8

1.00 - 1.19 339 38.4

1.20 - 1.39 315 35.6

1.40 - 1.59 89 10.0

> 1.60 22 2.5

Sodium (meq/L) [135-145]

< 138 14 1.6

138 - 139 102 11.5

140 - 141 234 26.4

142 - 143 237 26.7

144 ~ 145 125 14.1

146 - 147 76 8.6

> 148 98 11.1
Potzssium {(meqg/L) [3.5-5.0]

< 3.00 5 0.6

3.00 - 3.49 38 4.3

3.50 - 3.96 222 . 25.2

4.00 - 4.49 451 39.8

4.50 - 4.99 209 23.7

5.00 56 6.2



Table 47 (continued=-2)

Range
(See headings for Within range
concentration unit) Number Percentage

Chloride (meq/L) [95-107)

< 100 50 5.6
100.0 - 102.4 215 24.3
102.5 - 104.9 212 23.9
105.0 - 107.4 229 25.8
107.5 ~ 109.9 88 9.9
> 110.0 92 10.4
Carbon dioxide (meq/L) [24-32)
< 25.0 39 4.4
25.0 -~ 27.4 238 26.9
27.5 - 29.9 310 35.0
30.0 - 32.4 244 27.5
> 32.5 55 6.2
" Uric acid (me/dl) [3.5-9.0)
< 4.0 24 2.7
4.0 - 5.9 376 42.4
6.0 -~ 7.9 392 44.2
8.0 - 9.9 88 9.9
2 10.0 6 0.8
Calcium (mg/dl) [8.5-10.5]
< 9.0 16 1.8
3.0 - 9.9 510 57.8
10.0 10.9 340 38.5
> 11.0 17 1.9

Inorganic phosphate (mg/dl) [2.0-4.5]

< 2.00 16 1.8
2.00 - 2.49 134 15.1
2.50 - 2,99 331 37.4
3.00 ~ 3.49 280 31.6
3.50 - 3.99 g2 10.4

> 4.00 33 3.8

Totzl protein (2/d1l) [6.0-8.5]

< 6.50 26 2.9
6.50 - 6.90 197 22.3
7.00 - 7.49 401 45.4
7.50 - 7.99 197 22.3
8.00 - 8.49 55 6.2
> 8.50 7 0.8
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Table 47 (continuud~3l

Range
(See headings for Within range
concentration unit) Number Percentage

Albumin (g/dl) [3.0--5.5]

3.50 - 3.99 18 2.0
4.00 - 4.49 439 49.7
4.50 - 4.99 398 45.0
5.00 - 5.49 29 3.3

Cholesterol (mg/dl) [140-330)

< 150 13 1.5
150 - 174 66 : 7.4
175 - 199 162 18.3
200 - 249 443 50.0
250 - 299 178 20.1
Z 300 24 2.7

Creatine phosphokinase (U/L) [0-225]

< 50 52 5.9
50 - 74 162 . 18.3
75 - 99 196 22.1

100 ~ 149 258 29.0

150 = 199 104 11.7

200 - 249 49 5.6

250 - 299 22 2.5

3 300 43 4.9



Table 43

The mean values of blood count parameters and concentrations of

varlous -blood componcents cccording to job category
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' Tablevé}

The number and percentape of individuals with reported
shortness ol breath (G0} according U6 $Lskin. CATEEdTYy

MRC shortness of Smoliing caterory
breath category
- Non-
Smokers smokers smokrrs
None 199 274 181
(72.6) (76.3) (82.6)
Walking fast or up 51 55 28
a slight hill (18.6) (15.3) (12.8)
Walking with others 10 19 6
of own age (3.6) (5.3) (2.7)
Walking a2t own pace 14 11 4
(5.1) (3.1) (1.8)
Total 274 359 219

( ) = percentage
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Iable 52

The number and percentage of indiwviduals

reporting symptoms of chronic bronchitis (IRC)

according to smoking catepory

Smoking catecory

Chronic bronchitis Srmokers Lu—saokers Non-smokers
Yes 80 34 21
(29.1) (9.5) (9.5)
No 195 325 199
(70.9) (90.5) (90.5)
Totals 275 359 220
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Table 54

Nickel concentrations in the plasma of amphibicus

vehicle construction welders compared te other proups

Plasma nickel concentrations
(ug/liter)

No. of S —
Group individuals Median W,R9Q§9«__.__w3¥?9mi_§gw
Vehicle welders 12 11.8 5.4 - 14.3 10.8 * 3.2
Shipyard welders 62 2.5 <0.5 - 15.3 3.1 % 3.3
Hospital controls 15 0.7 <O.5 - 2.6 1.0 + 0.7
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ASBESTOS EREPOSURE LATA

REVIEW OF PURLISHED RESULTS

Review of filber concentration cdata for brale work

A variety of measurcments have been made of ashestos air concentiations
during brake 1lining repair and maintenznce activities in the United
States and Great Britain., These include hoth long-term sampling over a
working day to obtain information on time-weighted average cxposures Lo
workers, and short-term sampling to document the concentrations during

varicus work practices.

The largest set of sawples of brake maintenance work is that obtained
by NIOSH during the years 1975 through 19756 where 283 samples were
taken in five brake repair fascilities, including 152 over a one veok
period in one facility, documenting hoth long-term, time-wesghted
average (JWA) exposures and asbestos concenirations in specific brake
repair activities (NIOSM, 1972-1976). Unfortunately, no documentation
exists as to the number of brake jobs jerfcrmed in a facility or by
workmen during sampling periods or on the work praclices utilized
during the repair and maintenance work. Table 55 summarizes the data
on time-weighted exposures, over a sampling period, for men changing
lining material, punéhing out rivets, riveting linings to shoes, and
working in the parts department. Table 56 lists general area samples
taken during the course of a day. These data demonstrate that, in
general, the long-term asbestos exposures of garage ewployecs ere below
0.5 f/ml. However, during the air blowiang of drums, puanching out of
rivets and riveting asbecstos concentrations can be considerably higher.
Yurther, zrea samples taken distant from the Jocation of brake repair
show widespread disremination of airborme :sbeostes with concentrations

vp to 1.3 /1l found to be present.

Hore 1iwitcd dats axce available from industry sources. 1o Great Bri-
. . . .. N - ) - . PR N , i . .
tain, Mickish end Knigla (3970} of the ¥ord lotor Conprny have provzide

cd dnformation on both long und short-term smarpling dnring diffevent
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brake repair activities. These are shown in Table 57.]

e work prac-
tices sampled by Hickish and Knight appeared typical of those of past
years with the drum dust being removed Ly air blowing. During the full
course of brake service air concentrations of from 0.4 to 3.6 /il vere
found. More recent information has been supplicd by Raybestoszs~Manhattan
(Marsh, 1979). These show that during the course of vell controlled
brake repair work with exhaust ventilation utilized ashestos exposures

of 0.02 to 0.3 £/ml may occur during the course of a brake job.

Short-term asbestos conceuirations during specific vork activities have
been measured by several groups in both automotive and {ruck nervicing.

These are shown in Table 58,

They demonstrate that short~term asbestos concentratlions during brake
maintcnance work can be high. However, because they comprisc only a
portion of the wvork involved in brake maintenance, the TWA concentca-
tions ere generally much lower. Clearly, reduction of these Peal expo=
sures by cngineering controls oxr by work practices can significantly

reduce TVA exposurces.

Two scts of data on the time course of asbestos conceatrations exist.
The measvrements of total dust by Lee® ipdicate that after air blewing
short~term dust concentrations are high but fall within minutes to
lower values. The data on fiber counts by Rohl* indicate that mecasur-
able concentrations of asbeslos persists in the viorkplace for as long
as 15 minutes after air blowing as far as 75 feet away. These data,
covpled with the previous information en asbestos concentrations in
general gavage areas, indicate that a general, low-level background
contamination of asbestos can exist throuphout a garage vhere brake

repair is conducted.

- O g g R I
HEASOLEMIATS 18 NEY YORK CITY FACILITIRG (1979)

During 1979, NIOSH made measuroment st thirce New York City facilities
caploying workers who attended examinztiovns in this suvvey. These were
the xepair shops of the Deportments of Szuitation, Trapnsporation and

Police. The results are shown in Table 59. They ave siwilar to those

[}
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Table 59

Long- and short-term sampling of brake lining repair
and maintenance work in New York City garage facilities

Sampling fiber concentration {(f/ml)

Activity time Sample TWA

Department of Sanitation

Brake change 136 0.33 0.21
After finishing job 190 0.12 :
Wet brushing of dust 10 0.54
Area sample 395 0.06
Area sample 390 0.05
Department of Transporation
Brake mechanic 1 150 0.15 0.23
196 0.30 :
" Brake mechanic 2 175 0.31 0.28
194 0.26 oo
Brake mechanic 3 135 0.24
Wet brushing of dust 3 2.62
(mechanics 1,2,3) 3 2.22
9 0.87
Police Department
Brake mechanic 1 129 0.20 0.20
68 0.21 :
Brake mechanic 2 124 0.34
177 0.08 ¢.15
Brake mechanic 3 47 0.03
Dry brushing of dust 12 0.81
21 0.61



discussed Previously. Twa exposures during a full bralke job averaged
about 0.20 f/ml. During either wet or dry brushing of brake dust

concentrations could exceed 2 £/ml.

TWA exposures during autcmobile bruke maintenance ranged generally be~
tween 0.2 to 0.7 f/ml if brushing or air blowing of brake dust occurred.
Prior to 1950, riveted brake linings were usced and soemewhat higher
concentrations may have occurred. Table 60 lists the dirtribution of
brake jobs per weel done by U.A.W. Locai 259 members.  The average is
2bout one every two duys for thosce who do brake vork. 1f the exposwie
during the 1-2 hours required for a job js 1 F/wl, an approxinate TWA
exposure would be 1 f/wl (1.5/16) or about 0.1 £/nt.  General goarage
exposure {rom other jobs wvould add slightly to this, but (he upacr
limit of the average exposure for the commercial farage mechanics
e¢xamined in this study would be 0.2 f/ml. Tor the $.1.1.U. Local 246,
pmechanies employed by the City, higher averapge exposures would lLave
occurred from the riveting, drilling und grinding that was done on
large truck bralke assemblies.  However, these high exposure woirk actj-
vities would only require a few wminutes of work. As with commercial
garage workers, few City employees worked on a brake Jjob as often as
daily. Thus, even with the intermittently higher exposures expericnced
by S.E.T.U. members, the average exposure for the group over time is

unlikely to exceed 0.5 f/ml.
SUIMMARY

The clinical cxamination of garnge employees engaged in the repair and

maintenance of vehicles indicate the following results:

1. A greater prevalence of X=vay abnormalitics is found ameng garage
iechanics vho repaired brakes than among blue collar controls or
garaze workeres who do not engage in brakce or auto body work. The

dge slandardized percentage  of  abpormulitlics is sgigniticantly

greater (P<0.05) in tlose with 30 or more years of employment
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compared to workers with lesser service. The increased prevalence
in commercial garage workers exposed, on average, to less than 0.2
f/ml was not statistically significant while a significant excess
is seen in workers who had occasion to grind and machine brake
linings prior to installation on larger vehicles. The prevalence
of X-ray abnormalities is in accord with estimates of asbestos

exposure in the different circumstances.

The prevalence of X-ray abnormalities among workers in auto body
shops was particularly high and, although the number of such in-
dividuals was limited, also achicved a level of significance at
P<0.05. The higher yercentage of abnormalities in this group can
be attributed to the past sanding of auto body fillers containing

asbestos.

Individuals who had previous ciaployment in shipyards, averaging
five years in duration, also lhad a greater percentage of abnormal
X-rays. The percentage age standardized percentage vas signifi-
cantly greater in tliose whose shipyard employment began 30 or more

years previocusly.

The pulwmonary function results of garage mechanics engaged in
brake work are no different from non-garage workers and other
general population controls. As the major spirometric tests are
less sensitive measures of asbestos expesure than X-rays, this
finding is in accord with the low exposures of the groups under

study.

Cuc jockeys, new vchicle preperation men and auto body shop work-
ers have significantly reduced pulimenary f{unction tests (FVCI,

TE71, and MMF) compared to othev garage workers and general popu-

lation controls.

The auto bedy shop cumployees had exposure Lo asbestos and a var-
iety of soivents. The causal exposure among the car jockey-vehicle
preparation men is uncerlaijn. The role of automebile exhizust

should be investigated.
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Pulmonary function deficits correlated with X-ray abnormalities.
Greater percentages of X-ray abnormalities and pulmonary function

deficits were seen among current and former smokers than among

non-smokers.

No unusual physical examination of laboratory findings were iden-
tified. As in other studies, a high prevalence of hypertension

was observed among blacks, which was not correlated with any job

category.

A small group of welders in amphibious vehiclc construction showed

signi{icantly elevated plasma concentrations of nickel.
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RESPIRATORY QUESTIONNAIRE

WANE J NU?.ISI?P.{ Ll

>
(4}

Last First Middie
initial
I an now going to ask you zome questions, rainly about your chest. 1 would
. " oy ) § ", .
like you tc answer "YES" or "NH0" whenever possible

COUGH

1. Do you usually cough first thing in the worning (on getting up+)?
Count a cough with first smoke or on first going out of doors.
Exclude clearing throat or ¢ single cough, 1 - ¥o 2 = Yes

2, Do you usually cough during the day (or 2t nights)?
Ignore an occasional cough. 1 - YNo 2 - Yes

3. If ves: Do you cough like this on most days
(or naghts) for as much a2s thrce months each year?
.1 ~ No 2 « Yes

Have you been coughing like this:
(1) ~ less than two years
(2) -~ more thzn o years

PHLEGY

Do you usually bring up any philegm from your chest f{irst thing in the
morning (on getting up=)?
Count phlegn vith first simoke or on first poing out of doore,
Exclude phlegin {recam the noce.
Count swallowed phlegn., 1 - Yo 2 - Yes

5. Do you usually bring up &ny phlegm from your chest during

the dav
{or gt night+)7 1 - No 2 - Yes
6. . If ves: Do you bring up phlegm like this on most days

(or nights+) for 28 much ag three nonths ansch yesr?
. 1 - No 2 - Yeo

Exve you done so for:
(3) = Jews than tvo vears
(2) -~ nore than tvo yunrs

¥hat colos dis vour sputun or phiesma?
(Y - wm
e

A

2) - yellew and/or green
(2) = groy and/or blach
4) - bLrown

= Column Nusbew

+ Tor nignt shalt caplovecs

11

e

iy

(44

l 17

e Vet

14

L _1is)




Is your cough and/or phlesm production related to
(1) - Spring
(2) - surnmer
- (3} - fa1)
(4) ~ winter
(5) - anl year
DOES THE PHYSICIAN THINK TEAT THKE PATIENT FULFILLS ©HT CRITFRIL
CrrONIC BERONCHIT1S? '
) (1) - No
(2) - Yes
(3) -~ can't specify

7. Irn. the past threce vears have you had a period of (1acrcased
pblegnm lasting for three weeks or more? 1 - No

8, Have you hod more than one such pericd? L - N

S. Have you ever covghed vp blood? 1 - Yo

I ves: how often?

- (1) - only occanionally
(2)
(3) '~ sputunm streaked with bleood ({requen
(4) - henorrhage

(8)

only occasionally with a2 severe cold

= other (specify othor)
10. Was this in the past year? 1l - No

PREATHLEISNESS

11. Are you troubled by shortness ol breath when burrying on level

1 - o

12, Do you get short of breath walking with other people of vour owy age?
1 - No
13, Do you have %o atop for breath when valking at your cwn pace
on level ground? 1 - ¥No ge
TIETZING
oy
i4, Does you chest ever sound wheezing or Whisxling?

15,

Do you got this ragtiy during the da
”

J
or both? 1 - baysg 2 o= Mchyg

16, Eave sou ever had attacks of shortness of breatt,
1 - No

th vheezing?



OCCUPATIONAT, MISTORY - CONTINUFRL

ey e

Use of air hoses to blow out Srake shoes:

Which years done

Do/did you bevel or machine shoes?

Which years done

1
i3}

s

What current dust removal practice is used during brake or

clutch jobs at your garage?

When did this begin?

What was done befcre?

Did you do undercoating work or were you near such work?

Describe:

Do you wear a respirator?
1= No 2 = Yes

RESPTRATORS: 1.

2. Vhat type is 1t, mainly?
- Filter
- Cartridge

-~ Aiyr Supply

L3 N =y

3. Do you wear it usually?
1l - Usuelly
2 —~ Occasionally
3 - Infrequently
HYCIENE: 1. Do you eat at your woru site:
1 - Yo 2 - Yes

2. Do you smoke st vour vork site?

1l - XNo 2 - Yes 3 - Yonsmolker

3. Do you change your clothes before going home?
T

e
]

4, Does your ennlovar furnish work clothes
launders thec? -
1~ XNo 2 .- Yeco

‘.

5. De you have separute Jechers fox

vork clothwe?

1~ 30

6. Do you shounr before goiug home?
1 - Mo 2 - Ve

ko] N
4 oAd L

anda

strect and

L.sa_

(o]
¢33

6&

€9

g

-
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T

e e e
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If ves: 1Is/was your breathing absolutely norme) between

1g.

attacks? 1 - Yo 2 - Yes
EER'
Does the weather affect your chest? -

",

Only record "YES" if 2dverse wedather deiinitely and regularly
causes chest symptows,
- If ves: Does the wezather make you short of breath?
Type of weather (1) - heat )
(2) ~ cold
(3)
(4) - dryncss

(35)

danpness

i

any extreme

NASAL CATARRE

20,

21.

Do you usually have a stulfy nose or ceztarrah at the back of vouy
nose in the winter? 1 - %Yo 2 - Yes
Do you have this in the summer?

PHYSICIAN COMMENT: Nasal catarrh: (1) has no relation to chiest condition
(2) aggravates cough and prlegm procuc-

tion fron chest, 2s described noove,

(3) is & cruse of couph end fhleve

(4) is a seoparnte entity - no courh aund
phlegm are produced by patient,

(5) cannot Lz specified

CHEST ILILNESSES

22,

1lncesz which has

During the past three vears have you had any chest i
s a wegk?

kept you from your usual activitics for 25 much a

If yes: Did you bring up more phlegm than usval in any of
these illnesses?

, How many illnesses like this have vou had in the past
three vears?

Do you hzve = heart condition for which You are vwnaer a doctor's care?
I ~ Xo 2 - Yes

o
th
<
™
n
0

kel
9]
g}
i
-y

ily conditions and drug ithexapy




TOBACCO SMOKING

26. Do you now smoke cigarettes?

27, If "No":
28. How old were vou when

28, Bow old were you wihen
List year verson

30. How much do/did you sm

31. Do/did you inhale the

(O]
b+

. ¥hat do/did you mostly

Type (1)
(2)

1

Size (1)
(2
(3)

33. Do vou smoke a pipe?

24. 1f "No''y .

W
R

How many p
8§, Do veu sumoke cigars?

37, 1f "NO":
38. " How many ¢

38. Do you chew tobacco?

Have you ever snoked cigzrettes?

llave you ever snoked a pipe? 1 - XNo

vou started =uoking reguleriv?

you last

last stopped cmoking
oke on the averuge?

cigarette smoke?

smoke?

filter
non=-Zilter

regular
king size

100 millimeter

1 - No 2 - Yes

j)

- Yes
ipefuls 2 day do/did you swmcke?

1 - Yo 2 - Yes

Have you ever snmoked cigars? 1 - XNo 2 - Yes

igars a day/do/did you smocke?

1 - %o 2 - Yes

|

o
(s 33
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your last chest x-ravy?
Y

ICAL HISTORY

b4 First

lazt exanmined by a physician? (month & vear)

Ryl
Ie

zcutc illness
treuma (not hospitzlized)
trauma (hospitalized)
iollo%—up, scute illness
follow-up, chronic illness

routine check-up
~

hospitalized,

other than traumsa)

soearmn || |

AGX

cute illness (not hospatalized, other thon trauma)
(

occupationzl surveillauce program (exam, supplicd by explover)

pre-aumploynent physical

month year

1

22 ’ PHYSICIAN:

ever been hoépitalized? 1.

2,

Result: 1 = norpal 2 = abnormal 3 = doesn't

No l

Yes
Describe below

TATE HOSPITAT,

REASON

Code COO1

never hacd

chest x-ray

v

S e
\),CJnnZ

s
jon)
™
o
o}

releoase forns boen signed? 1

I




- 33, Ulcorative coliiys

0l. Heart muimur 34, Diverticulitis

02, Angina . 35. Otrer CI (s ity
specify

) : ) Genitourinary

064. Any other heart condition for which you . 36, Nephritis . -
are under the care of 2 doctor? (specify)

’ 37. Kidney digease (indiczte <ype)
05, High blood pressure . ..
. 8. Urinary infection

05. (Claudication .
39. Kiduey stones
Pulmonary
e 40, Procstate enlarpgement
07. -~ Pncumonia L. .
41. Blood in urine (not cz2used by ztove)
08, Pleurisy
42, Protein in urine (not czuzed by abov

08, Asthma conditicns)

10. EBronchitis 43, Other genitourinzry
11, ©Emphycsema Skin

12. Bronchiectasis 44, Psorirsis

13, Pulmonary tuberculosis A 45, Eczena

14, Silicosis ' 46, Qther skin (specify)

Blcaod

15, Asbestosis — . .
47, Acuile Anewmia

16, Other Pulmonary (speciify) 48, Curonic Ancsia T
Gastrointestinal 49, Low white blood ccunt
17. Castric ulcer - told by HM,D, 50, Problens with bleod clotiting
18, 7" " - UGIS or blcecdin
I " . 51. Sickle cell
l¢g. .~ Hemorrhage

. 52, Thalcssemia
206. Duodenal ulcer - told by X.D.

21 Lo " - UGIS 53. Other Blood (specifv)

Fve
1" \ - Iy
22, . ! - Hemorrhage ——

) . 54, FRequire glasses
23. Bleeding from ulcer

. . 55, Gleucoma
24, OQOther GI bleeding

. ] 56, Cararacts
25. Hiatus hernia

. 57, VYeak or lazy eve
26. Hepatitics -

27. Jeaundice

59, Other Zye (specify)

28, Gzall bladder disease
Lar, Noso zud Throat
. Liver disczse Lar, Nese 2nd Throat

1o

18]

[P
= O O

. Cirrhosis - alcoholic

[}
[

. -~ Qther



64,
65.
66,

Nasal polyps
Laryngeal polyps
Tonsilectonmy

~

Other ENT (specify)

aervous Svstem

67.
68,
69.
70.
71.

Seizure disorder
Stroke

Parkinson's Discase
PSychiétric illness

Other Nervous (specify)

Musculoskeletal

72,
73,

Rheumatoid arthritis

Cther zrthritis

Back injury

Degenerative disc diseace
Yes: Neuro}ogic involven

Bone lesions

Other Musculoskeletal (specify)

—

Di

Currently inactive -

- |~
*

o o
w

|
!

I2g

!
!

|
|
|
|
!
e
|
|
!
|
!
|

|
o l43

i

x Col 1-5 2¢ akove: punch E in c¢ol 6

Otherxr

Bl C|{D]| A,B = condition number

physician's care

General and Metobholic
79, Thyreid diseage or
80, Diabetes

81 Gout

82 Night sweats

£9. Rowel

12¢] Rectun
al Prociste
ap Breact

84, TUterine

Othey CA

cpeciiy)

goliter

C,D = y;ar diagnosed
under Active, under care
of phvseician T
1
la7 | L f ! 15
) }
51! ! ! l g 219;
55 L Jes
! 1
59 o 27 |
s . |
63 ] 1 , 311
’ 67 P 35 !
| 0 L 3¢ |
, 175, | f 435
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<

ALLOOL

1
1.
2,
3

.

MT

08

11
12

bt bt s g
~t U W

<

w

IR IIN NN N DY N
C)rDCO\!(hU!n'\(.\J:OHOlD(D

TCATION:

- TB medication

~ Steroids -
- Steroids - topical
- Broucho-dilztors

Type Quantity

Beer . cans/veck
Wine quarts/week
Whisky pints/week

ot
[

Diuretics (water pills)
High Plood Pressure neds ( other)

- Nitroglycerine

Digitalis

Other cardiac
Antihyperlipidemics
Anticcagulantis (blood thinner)
Long-term antibioties
Short~term antibiotics

oxa

Insvlin
Oral diabetes meds

= Sleeping pills daily
Eave you gver had radicotherapy?
~ Anti-convulsante

approx. 10 shots = 1 pint

1 no alcohol intzake

2 <6 cans: <1 gt.: < 1/2 pint
3 6-24 cans: 1-4 quarts

S NN

1o

172-2 pints./veek

> 24 cans: > 4 quUaris:

> 2 pints/week .
ex-alcoholic < 1 year
ex-a2lcoholic 1-3 vears
ex~zlcoholic > five years

ARE YOU CURRENTLY TATING ARY OF THE FOLLOWING MEDICATIONS?

List nedicztions currently
boing tazken, by rumber

I 57

|




PRYSTCAL EXAMINATION

NAMEi él , ’ { : Number . J! S‘

Middle
initial

2 ~ female

Blogd_prESSu:a J l17{ Pulse: rate I~ l J 2 3]

Regularity [ﬂ>26
“. 1 = normal
=, e,
ZiJ ‘ 2 = drregular
. ~ 3 = other

GENERAL APPEARANCE........ -

1 = well developed, well nourished 4 = appears chronically il1
2
3

i

obese ‘" 5 = pale

underwei; hy. 6 = other
. ren Q

cuANOSIs" 129§
3 L
‘1 = absent 2 = lips, tongue 3 = fingers, toes T
EXTREMITIES - .
—————
clubbing 1 =No 2= Yes { |
! 30
nails (normal = 1, other = 2); characterize l 31

ankle edema 1

il
=
[}

2 = Yes ‘ 32

JOINTS U 33 f
1 = normal )
2 abnormal

Joint description

1 r— e ————————

If abnormal: j ) ' 134:
. —— —— e

= PIP - 6 = Yneo
= DIP 7 = ftnkie

Wrist 8 = More than 3 :*-———’

= Elbow 9 = '{;’Chel' [.-J

= Shouldoy

Joint code:

Rl

LA o I N
i

= swelling

= reduecss, heat

= deformity

= crepitations

= associated vwith hx of trauma

VT .

descriptive code:

ANV AR T e
i



-

SKIN

n

1l =-normal
2 = abnormality present

If abnormal:

seborria

[
it

= acne valgaris

psoriasis

oW W
1

i1

other (describe)

...ﬁ--.ov---ooﬁ-ov..o--.o.o-;o--nno..o--..--.oo.-...-.o.-o.-..o-o
.

43]

EYES

NOUTRH

Pupils (l=normal, Z2=abnormal) (Specify

Sclera icteric (l:NO’ 2:3-'65)0-oco-o-ptvn.cnlu.oa.--oocot...ro-.oo

Conjunctiva (l=rnormal, 2=injected, 3=pale, 4=0ther ssvcrvesrsscan

Describe "other":

(1=normal, 2=gingival abnormality 3=other) e rerrrrcrrccccrass

. Describe "other'": <
TE{‘I’ROID L R R A I I R e R N A I I O N I R T R L R B A B T S S VPSPPI
1l = normal
3 = nodular

2 = enlarged

LYNMPHADEROPATHY (list locations)
1 = normal 5 = inguinal
2 = cerviczal 6 = more than 3
3 = supraclavicular 7 = other

4= axillaxry

et
|

= normal

2 = dullness, right
3 = dullness, left
4 = increased AP diameter

[}
l

= flaxing of cestal marzins

sites

JEST INSPECTION s evsavreesontcasororsscssssatsesnscosasa

51

L A I B I A

w
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CHEST PERCUSSION.....civiiiuiviiennns.

L I I R

= hyper-resonant, left

L T R A S

Ji

2}
e

1l = norma 5

2 = dullness, right 6 = hyper-resonant, bilateral,bases
3 = dullness, left 7 = other

4 = hyper-resouant, right

Describe "other":

AUSCUL AT ION . i i ittt e et e rososaneosasesenonnasanennnnn ceeieseas 57
1 = normal breazth sounds 6 = wheezing znd/or rhonchi-diffuse
2 = decreased - right 7 = lenghtening of respiratory phase
3 = decrcased - lefr 8 = moist rales
4 = decreased bilaterally 9 = other
5 = wheezing and/or rhonchi in a

loceiized area:

Describe "other"

RALES ..ttt vevenannnsassaasnnssocons

' 1 = RMAL
2
3

i

none
= RAAL,

4
5
RPAL 6

=

= LAAL

CARDIAC PALPATION AND PERCU

= normal

N =

3

I

CBEART SOUNDS .ttt ettt revesnncnnnensanss
1 = normal
2 = murnur
3 = distant heart sounds

"other':

.

Describe

= R-Bas

heart palpable in epigastrum
heart enlarged by percussion

LN A )

7 = LPAL
e & = L-Base
0 = diffuse (wore than 3

s

I 4

(@)
[V

left ventrical hezave
right ventricular heave
displaces P.M.1I,

ABDOMER
Inspection:

Masses:

Abdominal tenderness to pal;
1 = none 5 =
2 = RUG 6 =
3 - RLO 7 =
4 = Epignstric 3 =
Describe:r "other"

~ 4
‘,L‘(..l\)t...-...-...........-

Peri-unbiiical
Lo

LLG

othor

641




PALPABLE LIVER (1=not palpzble, Z=palpable) “ """ e

If palpable, span on mid-clavicular line -~ in cm * -+«

Il\'Cl’ tend"r'&@;% (1__“ ?.:Yes) L I I T T Y

?

Liver ansistency L A R R I I I R N I I T T T

l=normal 3=irregular nodular
2=increased firmness d4d=other

PALPABLE SPLEEN (l=not palpable, 2=palpable seeeecvenscons

If palpable, two dimensions by percussion (cm)

PALPABLE KIDMEYS (l=not palipable
3=palpable, 1le

L R I NN N R P

2=palp ble, right,,

ABDOMINAL MASSES BY PALPATION (1=none, 2=prescent)sseesoene

Location, size and consistency

------

NEUROLOGICAL EXANINATION

+Deep tendon reflexes

l=normal 3=decreased
2=hyperactive. 4=absent
*
Specify abnormality: ankle 11 biceps 12
knee 13 wrist | 14

MOTOR R I A R T T T l

l=normal
2=decreased strength
Indicate muscle group involved:

3=wrist drop
d=teleky sign
S=extensor weaknoss
6:=Babinski

7=other

TREMOR ¢ ¢ 0 v v 0 0 avvanoonnossssensoeesoansoensenessnnss e

l1=none
2=outstretched hznds
3=intention

4=Fface

S=other

. "
Describe ""sther

oy

S R |

18!

¥Col., 4-% as abcve; wunch K in col, 10



'SENSORY; pin

|

Arms (1 = absent, 2 = present) [~ =0

Legs (1 ~ absenr, 2 = present) [_‘-;;}

OTHER KEUROLOGIC : - ’

1

2

= none

= present (cdescribe)

O WO W N

]

n

i

i

Pischhein
kolstein
Yilis -

= lLorimzer

Fom
Resenmann
Todero



II.

HUMAN RESFARCH CONSENT TCRM

PROJECT DESCRIPTION

1. Investigation of Health Hazards in Brake Lining Repair and
Maintenance Workers Occupationally Exposed to Asbestos
(NIOSH 210-77-0119-0000)

2. Investigatdrs: Irving J. Selikoff, M.D. and Willjeam J. Nicholson, Pn.D.

3.-Purpose: To ddentify any human health hazards associated with ' -
brake repair and maintenance.

CONSENT TO PARTICIPATE

I, s age __, hereby voluntarily agrse to cooperate
in the =2bove named study and to undergo the tests listed 7u Attachment 4.

Thne study has been discussced with me and L have been given a copy of fhlc
document. X understand that:

s
1

1. The procedures and tests to be followed are us staled
Attachment Aj no procedures ave expevimental.

in

2. Attendant discomforts and risks are as noted in Attachment A &nd,
except as noted, are minimal aud provicion has been made fer any
necessary medical care, and I have been told what to do if I have
any reaction.

3. 3Benefits are as indicated In the Purpose statement above e
(Pa¥t I, Item 3).

4., 1If alternative procedure advantagecus to we are available, they
are specified in Attachment A; and 1f they becone available during
the project, the procedire most advantageious for me will be
indicated and used or an explanation will be given to me as to
use of any other procedure.

5. My inquiries will be answered by the project directors or other
personnel invovled in the project. (Telephene 212-650-5823)

6. I am free to terminate my consent and to discontinue participation
in the project at any time without prejudice to myself.

7. My identity and ny relationship to auny informztion (1) 2Qiscloszed
by me jn completing any project questionnaire and (2) reported by
ne or derived from me during my participation in the above named
project shall be kept confidential and will be disclosed to others
without my written consent except as requirved by law and except
that such information will be used for statistical and research
purposes in such a wmanner that no individual can be identified.

I understand that if any information ls found out concerning me
that can endanger the health and safety of others, this infor-
mation will be glven to the proper auvthority.

&, Jf any of my wodical records are required for purposes of this
project, a separate written consent for release of the records
will be requested fyom me.



9. There will be questions that I will be asked to answer,
and my inquities concerning the guestions will be answered
‘by:

Dr. Selikoff or Dr. Richolson: 212-0650--5823

. 10. A rveport of any significant {nformation from the study that
specifically concerns me, including medical inférmation, will
be furnishéd by the project officer or his designated
representative to me or to my designated physician(s) upon
completion of the study or carlier if appropriate.

SIGNATCURE

Subject's Nane Date

-

4

11.° TINVESTIGATOR: Wil ~/,u( )

Signditure

/

IIX. CONSENT FOR MATNTENANCE OF RECORDS

I hereby give consent for Mount Sinai School of Medicine to maintain all
records of this examinatfon. They will be completely confidential as above and
information will be released to any physician I designate upon my

written request and authorization 2t any time in the future.

SIGNATURE

Subject' Name Date

....._—._..._..._...._.._.;__.._.._._...._._.._.._..._.._.__.._,____.__._.._._.___.._.._.._..._-.._...__.._..___.__

3

1¥. REQUEST AND AUTEORIZATICN TOR RELEASE OF INFORMATION

I, e L , hereby request and authorize
the Project Director to iunform the following physicians vhose names and
addresses I have entered below of any significant findings from the above
pamed study concerning me. (DO WOY LEAVE BLARK: WRITE "RO" WHERE YOU

DO NOT WISH TO GIVE A NAME AND ADDRESS) .

1. My personal physician: ) 2. CGther physiciant

Dr. Dr.

Street: . e Street: L
City: L City: _ L
State/Cip: State/Zip:

T R S T ARITIL LV L IS T A o e i oot o



ATTACHFENT A

Investigation of Health Hazards in Brake Lining Repairs and
Maintenance Workers Occupaticnally Exposed to Asbestos
(NIosH 210~77-0119-0000)

The procedures and tests which involve hunan subjects in conduct
of this project are as follows:

Blood testg ’
Urine analysis
Sputum cytdlogy
Chest x-ray
- Pulmonary function tests

Physical exauination

Each ¢f the above provides important information for the evaluction
of health status. There is winnr discermiort associated with the draving
of blood from the arm. The sputum cytology involves coushing up phleqm
Zrou the throat into 2 container which s provided. The pulmenzry funcrion

test involves a naxivun breathing effore,

R

ights under the Privacy Act of 1974 Title 5 United States Ccde,
Sect

ion 552(a) (e)(3)

The information required to be given to me under the Privacy Act
of 1974 is as follows:

f-

) Autherity for collecting information is the Occupational Szfety
-and Health Act of 1970,

|28
~

The principal purpose of this study 1s as stated in Sccticn I,
tam 3.

-4

{0

3) Routine use of this information is :In developing criteria aud
prograas for a safe and healrhy place of cuploymont.

4} 1 do not have to furnish any informarion T de not wish to.
NSothing happens to we ag a result of 0y not providing inforizalion,
whether all or in vart of thar vesuasced, cxcept that I mav bo
t

terminated frow the project.



BPrakeworkers

Occupational History Asbestos Exposure Code:

Work Practice (Primarv Code)

1.

Brake work: (Greater than 1 job per 6 months) or garage
procedures which would result in heavy direct exposure, e.g.
brake work, clutch work, or front end work which involves
the air blowing of asbestos containing debris.

Garage work not directly involving brakes but where other
exposure to asbestos could occur in the facility (i.e. brake
work done elsewhere a2t the work site).

Z2A. Body repair work involving an asbestos filler.
2B. Undercoating work on a regular basis.

Heavy occupational exposure.(activity would normally raise

~visible dust),-e.g. factories, insulation work.

Indirect asbestos exposure, e.g. in chipyard work, taping
by painters, construction work near spraying of asbestos or
insulation work, work in plumbing and heating trades with
asbestos exposure.

Low indirect exposures, possible indirect, or very occasional
direct.

Brake Work Codes

Secondary Code
(Yor a Primary Code of 1, only)

Frequency

job/day or greater
- 4 jobs per week
- 4 jobs per month
- 5 jobs/6 months

O o>
= e

Tertiary que

——— .

o

Mo grinding or beveling
1 Some grinding or beveling

Saumple Entry:

e
o 0w
o

N
()
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