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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 asbes-
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 uncowmnon. The question is
ofeimportance because over one million workers are regularly or inter-
mittently engaged in vehicle maintenance wvork 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 ashestos exposure Lo garage wmechanics 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 hosec.
Second, garage mechanics may be at risk from exposures during the use
of autobody filler ahd, finally, asbestos dust can be dissemiunated
during mixing and application of undercoating materials each of which

has contained the fiber in previous years.

In order to determine the exteat 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 those manifesta-
tions of asbestos disease, such as X-ray abnormalities aund pulmonary
function deficits, that would elucidate the possible effects {from

exposure to asbestos in garage cuiployment.,



MATERIALS AND METHODS

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 Secrvice 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 mewbers 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 choscen 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 population had had exposurc to asbestos 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 asbestlos exposure. The decision to iuclude this group was
made-prior to the April examination.

Inébrder to reflect the cffocts of asbestos cxposure, only those in-
dividuals with ten years of employment 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 enployment 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 lower Manhattan, whereas most
study participants lived in Brooklyn or Queecus. 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 s site. Aunother factor was that most shops
organized by these unions are relatively small (797 of the population
workers in shops employing fcwer 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 Lo 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 c¢xamination site in Long Island where only 23,89 parti-

c1pated versus 53.4% at the large shops of Condec.

Information was obtained by phone, and from the return mailer, of the
reasons for non-participation. These are tabulaled 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, County 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. TFor those locations
without X-ray facilities, portable units were obtained. In each lo-~
cation spirometry stations we >re established using field survey equip~
nent  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 examinations. The examinations

consisted of a complete occupational history with deteiled descriptions



Table 2

Reasons given for non-participation
in examinations

Telephone Mail-in

response response

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 4 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 Preumoconiotic.

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-volume characteristics;

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

A1l 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 patient 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 review of all laboratory and
clinical findings, a report aud lelter were prepared and sent Lo 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 x Height (in.) =~ 0.025 x Age (yr.) - 4.241

1
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 {ilms 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, masked, and identified with a coded
number. If multiple films of the same individuusl were taken; these
were labeled with a single number and designated as A, B, C, etc.
These films were read as a-group individually by three experienced
readers who were free to utilize the best P~A film for the determi-
nation of an X-ray reading. Recults for the three readers and that of
the individual who read the X-rays following each 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 recad 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-recad that particular

. film. The readers were told that a 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 than five X-rays.)

3. If a disagrecment existed among the readers as to whether 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 individunals 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 weve 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 parenchymal and prleural readings of cach of the four read-
exrs along with the average score of the parenchymal 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 siwilar variations determincd by other interpretation
groups (Rossitar, 1972; Glover, Bevan, Cotes, et al., 1940). (Seeo
Table 12 for the results of individua)l arnd averaged readings by job

category.)
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Table 4

The variability and reproducibility of three

X-ray readers participating in Lhis.stua§"

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 reading, 2.24!
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.

1 0/_

1t

1; 0/0=2; ctc.
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OCCUPATIONAL HISTORILS

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 is 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). llere, 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 exposure in the analysis of brake work, the
health effectg of individuals with identified and possible exposures to
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 wvere
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 equivalent 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. 1t 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. Thece were
excluded from further analysis.

Ten of these 26 individuals insulated mufflers and 2 continuously
installed brakes during amphibious vehicle construction. Their

"other asbestos exposure' occurred as part of the job uuder 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 union affiliation

or job classification at recruitment.

4

It is striking that 8.9% of all participants had previous employment in
the shipbuilding and ship repair industry. As approximalely 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 of Todd
and Bethlehem Steel). [Approximately 4,500,000 men (and women) were
employed in ship construction and repair during VWorld VWar II (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 different cxposure
categories. The percentage of individuals with valid pulmonary func-
tion tests (96¢.4%) compares favorably with othex surveys. Again, those
with missing tests are randomly distributed among all occupational

categories.

>
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ble 6

The distributions and percentages of readable X-rays by

union affiliations and type of work activity

Union affiliation

UAW 259
Type of work activity Haint. 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) (100.0) (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

UAV 259

Type of work activity Maint. Const. DC 37 SEIU 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 pulmonary function tests were performed at the
Linden, New Jersey examination of UAW 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 ang ninety-nine of 983 readable X-rays were
classified as having 0/0 or 0/1 readings for parenchymal fibrosis. One
hundred and seventy-scven were classified in category 1 (31/0-1/2) 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 0O/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 plecural 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 identifiecd 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 employed in shipyards.

Tables 10 and 11 1list the percentages in the different occupational
categories according to the type(s) of X-ray abnormality. As can be
seen from Table 11, the percentage with any abnormality among those
with garage employment is 24.2% compared to 18.8Y% among iundividuals
with no stated asbestos exposure or garage employment., Corrcsponding
percentages for parenchymal sbnormalities ave 19.0% vs. 15.3% and for

pleural abnormalities 8.4% vs. 8.9%, 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 Dbeing
little difference in the percentages of pleural abnormalities. On the
other hend, significant differences exist in the percentages of pleural
abnormalities among those employed in work having direct asbestos
crzposure cor shipyard employment and those only employed in garage work
or having no asbestos exposure. Ve 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 reguired for the establishment of
parenchymal f{ibrosis, or that pleural pluaques not constitute an abnor-
mality. To investigate whether more stringent criteria for abnormal-
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 (plagues vere not considered abnormal). These data are shown in
the last column of Teble 11 and demonstrale 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 each 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 compared to those who did not and
those with other ashestos exposures had the greatest percentage of
abnormalities according to all four readers. Thus, the overall X-ray
results are relatively independent of the individual readcrs and inde-

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

Inasmuch as the prevalence of X-ray abnormalities 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 exposuvres 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 bad 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 distributicn of all 983 individuals for whom readable

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

std’
using equation (1).

. T (1)
o Q
Pstd ki Pi Ni/J83

Where Pi is the percentage of abnormal X-rays in the ith age catlegory

of the group of interest and Ng, the pumber of all 983 individuals in
the ith age group. For a group having an age cell with po data
(insulation/factory, other) standardization was based cn those cells
with data using equation (2)

B @)

i
avail 1 all 1 avail i

T . T T T
= \) $] \ ‘1
Pstd z Pi hi/983 [ Ii hi/z Pi h

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 211 983 indi-
viduals in the ith age category; P; iz the percentage of ahuacrmal
X-rays among all 983 individuals in the ith ape category. These over-
all age-gstandardized percentages are shown in Table 13, The diffevernce
between the individuals performing brake work and those with no idunti-
fied asbestos exposurc remains, while the pevcentage of abnormalities

in those ecmployed in a garage but not cngaged in brake repair work
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decrecases to somewhat below the level of those unexposed otherwise.
The percentages of abnormalities among those with other ashestos 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 sbnor-
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 limitced number of individuals in a work
activity {other than brake worlk), 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 various
activities with probable asbestos exposure have the highest percent-
ages, and brake workers are intermediate. JTndividuals with other dust
exposure appear to be unatffected by such materials. This is probably
the result of the relatively short exposure times or the marginal expo-
sure ciycumstances. 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 lhad 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. (See subsequent sections on auto body

repair and undercoating work.)

Smoking standardization of X-ray abnormalities

Smoking has becn identified as cexacerbating the non-malignant effccts
of asbhestos. Death rates {from asbestosis among 20+ cigarette/day
smokers are 2.8 times greater than among nonemolers (Hammond, Selilkofyr,
and Seidman, 1979) and both parenchymzl and plenral X-ray abaormalities
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 14a.

Table 14b lists the percentage distribution of swoking histories ac-
cording to job category. As the unexposed group contains 25% nore
current smokers than the other exposure groups, the X-ray recsults,
where possible, should be standardized for cigarette 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; 42.49%, ex-smokers: and 26.0% nonsmokers).
b b 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 probable 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 World Var II in shipyards, we are observing

effects in this group after 35 years from ounset 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 TLocal 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 catecgories)

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 category
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



The age and smoking standardized percentages
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Table 15

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 * 2.5
Non-garage work 10.4 £+ 2.3 17.0 %+ 2.8 21.9 £ 3.2
Garaée work but no 6.6 £ 2.2 14.4 * 3.5 17.2 + 3.9
brake work

Brake work 7.2 £1.3  19.3 % 2.2 264 * 2.5

Prob;bié asbestos exposure 19.8 + 2.7 19.9 £ 2.7 32.5 £ 3.5

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
No brake work? 17.3 £ 3.3 21.7 *+ 4.4 18.7 £ 4.7 20.1 2
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). Whjle 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, one-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. Lxtensive dust
cxposure was common as the material was sanded smooth. The extent of
asbéstos exposure is unknown becuuse no fiber counts are available from
such operations. Fortunately, with the increased awareness of asbestos
hazards and with the jutroduction of the occupational asbestos stand-
ard, most manufacturers removed asbestos {rom thcir formulations. In a
current (1981) analysis of six compounds used in shops employing UAW
259 members, no asbestos was identificd. fowever, while current ashes-
tos risks no longer exist in ilese sheps (at least to ovr Lonowlcdge),
persons  exposed previously should be made avare of their asbestos
exposure, the risk associsted viil 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 parage employces 1974*]9792§g

1974 1879/1%80 Reading
reading 0/1 0/1 1/C 1/1 1/2
¢/0 6 2 0 0 0
/1 5 4 4. 1 0
1/0 0 0 0 0 0
i/l 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 were identified in this
study with significant periods of wundercoating 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 sepgregated in any analy-
sis. In all cases vhere undercoating was done, ready-mixed compounds
were utilized. It would be erpected that the spraying of such material
would not lead to the reclease of high concentrations of resirable
asbestos fibers. However, the grinding underfoot of dry, over-sprayed

material on shop floors could release the encapsulated fibers.

Effect of previous shipyard employnent

0f the 983 individuals with readable X-rays, &7 had been previously
employed for-some period of time in a shipyard, generally during World
War 1I. Overall, 39.1% of the X-rays of this group were abuormal, OQOn
an age standardized basis, 28.6% werc abnormal compared to 20.5% for
all groups unexposed to asbestos (control group, garage workers 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 number and percentages of abnormal X-rays according to years
of shipyard employment and time since onset of shipyard work. To the
extent possible, age standardized perceunlages 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 ten 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. Tn Table 21
Lhovever, a significant treud witlh years since onseot of shipyvard employ-~

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

according to years 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
a2bnormality
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Table 21

The number and percentage of X-rav abnormalities
according to vears from onset of shipyvard emplovnient

Years since onset of enployment

Parenchymal
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,



41

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 agreecment 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 employnent.

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. HNHe was rveferred to the chest
service at Mount Sinai Hospital for follow-up diagnosis. Nis broncho-~
genic carcinoma was not operable, and while alive two years later, was
in poor condition. Parenthetically, at examination his CFA level was
1.3 nanogram/ml and his sputum analysis showed moderate atypia, but no

malignant cells present.

PULHONARY FUNCTYON TESTS

Principal spirometric tests

Tables 22, 23, 24 and 25 shouw the mesn values of forced vital capacity
as a percent of that predicted (100 x FVC/PTFVC), the {forced erpirztory
volume in 1 sccond as a percent of forced vital capacity (100 x FEVl/
FVC), the forced expiratory volvme in 1 second as a percent of that
predicted (100 x FEVl/PFEV]), and the maximal midexpiratory flow be-

tween 259 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
(Fvc/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 statistical 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 mareinal
differences were seen in the percentage of X-ray abnormalities among
individuals in dif{ferent work categories. As forced vital capacily is
usually a less sensitive delermination of asbestos-related changes than
the presence of X-rzy abnormalities and forced expiratory volume in one
second relates to exposurcs other than asbestos, the absence of a
definite trend among the groups with varying asbestos exposure is not
unexpected (see scction on measures of small airvay disease for a

discussion of MMF/PMMF).

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 work, no differences existed
in the means of the spirometric test results betveen the three major
occupational groups studied, those unexposed to ashestos or to garage
work, those engaged in brake - work, and those with a prebable ashestos
exposure. However, in the cage of MUE/BEWE (Table 25) individuals with
en identified asbestos exposure had a lower smoking standardived mean
compared to those in the other two categories although not at a P<0.05
level of significance. The unexposed control group lhad the highest
mean values, followed closcly by mechanics engaged din brule work.

Thoso with didentified and possible exposure to ssbestos had interwe-
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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 employment 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 1
(0.0) (0.0) (91.7) (8.3)
Ex-smolers
No identified ashestos 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
exposure or garage vork 0.0) (12.0) (44.0) (44.0)
Garage employment 0 4 16 9
but no brake work (0.0) (12.8) (55.2) (31.0)
Brake work 2 7 59 50
(1.7) (5.2) (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 Caﬂggigi;gl

according to job category and smoking hist

in one second

00 x ¥

LV, /IVC)

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-Smokers
No identified asbestos 3 3 8 23 10
exposure or garage work (6.4) (6.4) (17.0) (48.9) (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 asbestlos 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 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)

() = perceulage.



49

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

100 x FLV /PYEV

Job category <60 60-79.9 80-99.9 100+
§Eokers
No identified asbestos 0 5 19 21
exposure or garage work (0.0) (11.1) (42.2) (46.7)
Garage cmployment 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-smokcys
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 identified asbestos 0 0 7 18
exposure or garage work (0.0) (0.0) (28.0) (72.0)
Garazge employment : 1 1 9 18
but no brake work (3.5) ( 3.5) (31.0) (62.1)
Brake worlk 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 75% of
forced vital capacity as a percent of that predicted

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

100 » MMF/PIRF

Job category <60 60-74.9 90-104.9 105+
Snxolgg_x;s_.
No identified asbestos 10 9 5 12
exposure or garage work (25.6) (23.1) (12.8) (30.8)
Garage enmployument 9 9 3 5
but no brake work (30.0) (30.0) (10.0) (16.7)
Brake work 37 16 14 24
" (33.6) (14.0) (12.7) (21.8)
Body work 2 3 1 3
(18.2) (27.3) 9.1) (27.2)
Ex-Smokers
No identified asbestos 7 5 5 18
exposure or garagec vork (16.7) (11.9) (11.9) (42.9)
Garage employment 12 5 3 8
but no brake work (36.4) (15.2) (0.1) (24.2)
Brake work 14 17 31 51
(9.3) (11.3) (20.7) (36.7)
Body work 4 1 0 1
(36.4) (9.1) (0.0) (g.1)
Nonsmokprg
No identificed asbestos 0 3 1 14
exposure or garage work (0.0) (15.8) (5.3) (73.7)
Garage employment 3 5 6 5
but no brake work (12.5) (20.8) 25.0) (20.8)
Brake work 1 11 21 41
(1.1 (12.2) (23.3) 45 .6)
Body work 1 ] 0 1
(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

No ddentified ¢

Mea

i

n value

100 x FVC/PEVC

rcent
nor rxna

asbestos 95.7 £ 1.2 10.2 £ 2.9
exposure o1 garage work
Garage employnment 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 employment 97.6 £ 1.9 14.9 + 4.9
but no brake wvork
Brake work 105.2 + 0.8 7.1 £ 1.3
Body work 97.6 * 3.4 8.3 4 4.8
Definite and possible 102.8 £ 1.3 §.7 £ 2.1
asbestos cxposure
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 possiblie 89.0 * 2.8 43.9 * 5.2

asbestos exposure

' gtandardized te the
monaryv function test.
smokers, 20.0%).

2 Abnormal is less

and less than 75 for

than 80 for

100 x FVC/PFVC and 100 x

100 x MMF/PHMEF

smoking distribution of all with valid pul-
(Smokers, 31.6%; Fx-smokers, 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

nurber 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 sigrificantly 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 znd Hispanics employed in this category compared to other job
activities, coupled with improper pulmonary function standards {for
these groups. Table 31 shows the percenlage of individunals in the
various job categories according to their race. As can bo seen, among
those with garage cwmployment, but no brake work, more than £40% were
black or Hispauic compared to 28% of those with no identified asbestos
exposure and 16% 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 89Y% of those of whites). For I the same prediction
paramelers were used for blacks and whites as there 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. For 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 FVC/PFVC and FEVl/PFEV] for the black population
are gererally lower than the white population in all smoking categorics.
[The smoking standardired difference is significant ezt the P<0.01 level

(two=sided) fer FVC/PFVC.] On the other hand, the data 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)
Identified 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 bv race

tests.

(Smokers, 31.6%; Ex-smokers, 42.4%; Nonsmokers, 26.0%.)

Smoking history
Smoking

Race Current smokers Ex-smokers Nonsmokers standardized?

100 x FVC/PFVC
White 193.0%0.9 (222) 97.410.9 (30b) 99.6%1.0 (187) 96.610.5
Black?! 91.2%£2.3 (53) 89.9%£1.9 (51) 96.5%3.0 (36) 82.0x1.4
Hispanic 96.9%3.4 (9) 94.4%2.8 (17) 81.6x5.6 (7) 91.9%2.2

100 x TEYi/PFEY}

.White 96.2%+1.1 (220) 104.9%1.1 (300) 110.041.2 (186) 103.5%0.7
Black! 93.442.8 (53) 100.4%2.2 (51) 106.8+3.6 (36) 101.4%1.6
Hispanic 105.0%5.3 (9) 101.724.7 (17) 95.3%5.9 (7) 101.1£3.0

100 x MMF/PHMF

White 77.5%2.2 (197) 92.7%2.3 (248) 102.9%22.5 (144) 90.6t1.4
Black . 83.5%4.9 (44) 89.8%4.7 (40) 95.556.1 (24) 89.3%3.¢
Hispanic 95.9%14.1(7) 94.1%9.3(11) 113.3%6.4 (5) 99.7%6.2
1 prve and PFEVl for blacks were 0.89 that for whites.

2 Standardized to the smoking distributicn of all with valid pulmonary function
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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/PTVC and FEVl/PFEV] for blacks and
whites by smoking history and job category and Tuble 34, the smoking
standardized means by race and job catepory. (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. lYowever, it is 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 din 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 caxr 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 comnercial garages, compared to
thuse engaged in brake work, those exposed to asbestos otherwise, or
the unexposed control group. As cau be seen, the deficits are associ-
ated with the grovp working as car jockeys or car preparation men and
those cmployed in auto body shops. The differences in the smoking
standardized means for FVC/PFVE and FEVl/Pkﬁvl, betveen the car jockey-
vehicle preparation men and mechanics (dncluding those who do brake

work) are significant at P<0.0l (two-sided).
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Table 34

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

Pulmonary

function Current ,

parameter Smoker Ex-smokers Non-~smokers

Mechanical Work/Parts Department
FVC/PFVC 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) 89.0x12.1(7)
Auto body repair work
FVC/PEFVC 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)
MME /PMMEF §2.3+ 8.8(11) 71.4%9.4(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” pulmonary function results of
garage workers who do not repair brakes
compared to other groups

Job category FYC/PFVC FEFl/PFE\’l MMF /PMMF

No identified asbestos 102.6x1.6 102.6%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 89.122.6 95.4%3.0 82.926.3

car jockeys, car

polishers

Definite and possible 96,1%1.1 102.821.3 89,02.8

asbestos exposure..

lStandardizmd to the smoking distribution of 211 with velid pulmon-
ary function test. (Smokers, 31.6%; Ex-smokers, 42.4%; Non-
smokers, 26.0%.
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To the extent that occupational faclors may be associated with these
deficits, the possibility exists that greater exposurc lo automobile
exhaust among individuals in this group has contributed to these find-
ings. A greater exposure could arise if the mechanics gencrally worked
on cars with engines off or, if on, with exhaust hoses attached. That
auto exhaust may be contributory is suggested by the data of Ayers et
al. (1973) who have obscrved significant pulmonary deficits among
bridge and tunnel workers who are lhcavily cxposed to automobile exhaust
during the course of their work in the bridges aud tunncls in and
around New York €City. There, deficits din 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 {for
various measurecs of airway flow. The associaticn of automobile exhaust
with the deficits in pulmonary function among a limited group of garage
workers is, of course, only suggestive. Tor a definilive 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 cxposure to auto cx-

haust than do garage mechanics.

Auto body repair

Workers who were engaged in auto body repair had wean values for the
various spirometric tests that were considerably Jlower than those of
garage mechanics, unexposed controls and even the groups cxposed to
asbestos otherwise. Because of the few individuals in this group, the
differences between the auto body workers and garage mechanics only
achieve two-sided statistical significance for FEV}/PFEV1. In addition
to asbestos and other dusts, which could primarily affect FVC, the auto
body shop worlers are exposed to solvents from paints and fillers, and
welding fumes. The manifestationg of discase seen in boih the X-rays
and the pulmonary funclion 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
abnormility, 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-razys 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 with
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 cffccts
can be exacerbated by smoking, leading to the deficits seen in Table
36. The data of Table 36 are comsistent with the previous discussed
data suggesting a greater percentsge of X-ray abnormalities zmong
current and previcus smokers compared to nousmokers. Also, as ex-
pected, the pulmonary deficits in thosc with abnoymal X-rays are great-

er wvhen the criteria for abnormality is more 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 comparison, 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 f{ield dates for
the Michigan survey were February 1978 through December 1979 and for
this study, May 1978 thyrough February 1980.) The purpose of the Michi-
gan survey was Lo measure levels of polybrominated biphenyls in blood
and adiposc tissuc and to evaluate other health indicators. The group
vas chesen by a rondem selection process using liichigan phone numbers.

Predicted valuves wutilized the regression equations for the data of
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Table 36

The means of spirometric values according to X-vay

reading and smoking history using two criteria

for X-ray abnormality

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

¥VC/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) 94.041.9 (83) 96.8%1.2 (212) 89.012.5 (42)

MME/PHMT 80.3%t2.6 (152) 76.143.8 (73) 80.712.3 (190) 69.5%5.2 (35)
Ex-smokers

FVC/PTVC 97.240.9 (264) 92.4%1.9 (81) 98.1%0.9 (299) 9G6.142.7 (43)

FEVl/PFEVl 105.241.1 (264) 96.7%2.5 (81) 104.3141.0 (299) 96.1%3.3 (43)

MME/ PHME 92.4%2.3 (216) 89.4%4.8 (62) 91.6%22.3 (243) 91.3%6.0 (34)
Nonzmokers

FVC/PIVC 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) 101.942.4 (144) 107.6x7.1 (17)

in category

( ) = Number



Table 37

A comparison of spirometric results in this cohort
with those observed in the general population of Michigan *

Observation group

This stvdy (excluding Michigan

non-mechanic garage general
workers) population
Smoking history Blacks Whites Whites

100 x FVC/PFVC

Smokers 96.5+2.4 94.321.0 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 FEV,/PFEVy

Smokers 104.1+2.7 95.5%1.2 ©96.1

Ex-smokers - 102.422. 104.8x1.1 101.6

Nonsmokers 106.7%4.3 110.2+x1.2 105.8
100 x MMF/PMMF

Smokers 90.2%5.2 76.5%2.4 80.5

Ex~smokers 90.8+5.5 95.5%2.3 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 differcnt 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 comparative purﬁoses. The populations
utilized and the criteria for scceptable data are shown in Table 38 for
these three studies along with five others that have also established
regression ecquations for normal populations and this study. As can be
seen, only two of these research groups incluvded only uonsmokers in the
study group. A third included iudividuals who smoked for less than six
months and one included individuals wvho were cx-smokers of less than
five~pack yecars of ciparettes. In some cases averages of best efforts
were utilized; in others, values for all parameters were taken {rom the
flow volume curve of the best effort 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 therecafter 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 (sece, e.g., Schoenberg et al.,
1978). As the population in this study is largely between the ages of
40 and 70, most regression equations are likely to understate the
values for these paramcters. Additionally, lower prcedicted values will
clearly be obtained from populations that include smokers or from
studies that include averages of ceveral expiratory effortg rather than
the maximal ones. 7The use of standards from such populations can lead
to underestimates of effect {rom agentls in the workplace that can

affect pulnenary 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 pulmopary function parametoers (FVC, FEVl and MGIF)
compare favorably with the group studied bv lMorris, Koski and Johnson.
It is instructive to utilize the regression 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 FEVl/PE‘E"J1 are in excess of 1.00 for all regression equations.
This is the vesult of the inclusion of smokers among comparative 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 values of FEVI/PFEvl result, in part, from an extrapolated
origin of ewxpiration (c.f. Table 39). The valucs for MMF/PMIF, FEFSO/-
PFEFSO, and FEF75/PFEF75 are less than 1.00 for the prediction eqia-
tions of Cherniak and Knudson. This is the resull of their use of the
maximum flow value obtained in any effort rather than the {low in the
effort with maximum FVC. Tt is generally found that lower flow rates
are obtained during tLhe achievement of & maximal FVC. 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 effort 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 spirometric parameters obtained
from data on the 163 white, nonsmokers tested in this survey are listed
in Table 41. Pecause only three individuals vere under age 30, only

the linear dependence on age could be established.

PHYSTCAL EXAMTNATION RESULTS

Table 42 lists the number and percentage of abnosrmalities 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
nudson & 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
it
Morris et al. 0.047 -0.045 +2.513
Miller et al. 0.044 -0.046 +2.8006
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
Knudson 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

2
Parameters Regression equation R

FVC 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 = Ht. - 0.0259 x Age 124 0.04
FEF75 0.0060 x Ht. - 0.0196 x Age 2. 093 0.12
No non-mechanical garage workers are included. However, there

were no other exclusions

based on health dnformation.or job.
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circumstance in which a statistically significant greater percentage of
abnormalities is found is for abmormal lymph glands among the popu-
lation serving as an unexposed control. With the number of subcate-
gories cstablished in Table 42, such 2 finding would be expected on the

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

Table 43 shows the number and percentage of individuels with rales or
finger clubbing according to their X-ray reading. A greater percentage
of individuals with abnormal ¥-rays have dry rales 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 werc observed in 4.8% of the
entire study group and clubbing in 2.6% comparcd to 25.2% with abnormal
X~-rays [or 13.1% if morc stringent X-ray rcading criteria were utilized
(c.f. Table 11)]. Thus, in contrast to earlicr data {rom Great Britain
(British Occupational Hygiene Committee, 1968), it would appcar that
the presence of X-ray abnormalitics is a considerably wore sensitive
parameter than rales (or restrictive pulmonary function deficits) for
the categorization of asbestos disease. This has also been secn 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 pressurcs 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 ciparette smokers appeer Lo have somewhat
lower Bblood pressures, but this could be artifactual as it is not
reflected in blacks. Yo significant diffcrences are scen in the apaly-

sis of blood pressures accordiug 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™

>

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

b

Race

White

spanic

Hi

Black

Age

Systelic pressure

(1)
123.2 = 2.6 (6)

120.0

2)

3.8 (13)

+

123.4

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

128.0 % 1.4 (143)

40 -

6.8 £ 1.1 (283)
142.9 £ 1.6 (170)

13

(e
O

166.5 = 6.8 (12)

* 5.0 (13)

ol

15

o
135
<

138.7 £ 3.9

.2 £ 1.6

143

Diastolic pressure

(1)

75.0

76.2 + 1.8 (13)
81.3 = 1.0 (&7)

83.1 = 0.8

(@Y
[QN]

20 -

72

39
{

30 -
4y -

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

79
9.1

o
(V]

2.6

+i

55.3

(143)

oy

+

(e8]

[#3Y

170)

85.8 £ 0.8 (

60 - 69

(48]
=4

1

+4

89.3

70+
Aga

1.8

84.4

1.1

+i

(€2
oo

84.6 * 0.4

ardized

nd
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45

Table s

Age standardized systolic and diastolic

blood pressures according to race,

smoking history, and jcb 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 + 1.3 87.8 + 1.
Brake work 84.4 = 0.6 87.0 =
Asbestos exposure 84.4 % 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 carcinogenic embryonic antigen (CEA). They show no find-
ings suggestive of neoplasia, most values are within the normel range.
Further, there is no difference in the distribution of cither parameter

for the different job categories.

MRC RESPIRATORY SYMPTGHMS

The principal results of the respirvatory symptoms questionnaire are
shown in Tables 51, 52 and 53. Tables 51 and 52 show the rupected
correlation with cigavetie swoking. In Tab16453, the smoking stand-
ardized percentages of chronice bronchitis and shortness of breath

catepories are listed for different job categories.
&

NICKEL CONCENTRATIONS TN WELDURS

As part of a study to asscss effects on welders, plasma nickel coacen-
> ’

trations' were measured in twelve welders in the centrel preup engaged

in amphibious vehicle construction. The results are shown in Tahle 54

and indicate that the particular group within this study had higher

nickel concentrations thun a grouvp of 62 welders in a large shipyard

<

and ten times the concentrotion of hespitsl controle.

1o physio-
Jogical effccts can be associated with such concentratiocns, tha texic

and potentially carcipogenic effects of nickel vould supzest id

S

atifi-

T

cation of the exposurce source and ifmplementation of asbatexment measures.



75

Table 46

The distribution of blood count values
(CuC Analysis)

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

White blood cell count (thousands) 13.9-11.3]

< 3.00 1 0.1

3.00 - 4.9¢ 70 7.9

5.00 - 6.99 342 38.7

7.00 - 8.99 308 34.9

9.00 -10.99 124 14.0

211.00 39 3.1

red blood coll count (millions) [4.3-6.3]

< 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 76.8

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 =44.9 245 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 rance
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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) [8§-25]

< 10 44 5.0

10 - 14 250 28.2

15 - 19 420 47 .4

20 - 24 150 16.9

> 25 22 2.5
Creatinire {(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 (meq/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 (we/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
> 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 92 10.4

> 4.00 33 3.8

Totzl protein (2/d1) [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

Albunin (g/d41) [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

> 300 43 4.9
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' Tablevé}

The number and percentaye of individuals with reported
shortness ol breath (RC) according (0 &L3kin., CAEEEoTy

MRC shortness of Smoliing caterory
breath catecgory
- Non-
Smokers smokers smokars
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 2t 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 percentagse of individuals

reporting symptoms of chrenic bronchitis (MRC)

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) (%0.5) (90.5)
Totals 275 359 220
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Table 54

Nickel concentrations in the plasma of “mph blouq

vehicle construction welders COWP“I&d to othe _nroups

Plasma nickel concentrations
(ug/liter)

No. of e L —
Group individuals Median W,R9Q§9«__.__WEEFPME_§Q~
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 FRAPOSURE LATA

REVIEW OF PUBLISHED RESULTS

Review of fiber concentration data for brale work

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

varicus work practices.

The largest set of sawples of brake maintenance work is that obtained
by NIOSH during the years 1975 through 1976 where 283 samples were
taken in five brale repair facilities, including 152 over a one veok
period in one facility, documenting hoth long-term, time-weshted
average (JWA) exposures and asbestos concentirations in specific bhrake
repair activities (NIOSH, 1972-1976). Unfortunately, no documentation
exists as to the number of brake jobs perfcrmed in o facility or by
workmen during sampling periods oxr on the work practices utilized
during the repair and maintenance wvork. 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~tcrm asbestos exposures of garage employecs ere below
0.5 f/ml. However, during the air blowing of drums, puaching out of
rivets and riveting asbestos concentrations can be considerably higher.
Further, area samples taken distant from the Jocation of brake repair
show widespread disremination of airborrne :usbeostes with concentrations

vp to 1.3 £/l found to be present.

Hore Iiwitcd dats arce ovailable from industry sovurces. 1n Great Bri-
. . . » . R IAY A o i - - M .- M
tain, Mickish and Knigla (3970)7 of the Yord lotor Conprny have provid-

cd dnformation on both long und short-term morpling dnring diffevent



87

(e3ep po cu4aonch *0/6T~G/6T) HSOIN luwoij
Z°0 2°0 T ¢ (zLe1) 4
GTRIIOIN LLiuy] SUuT2BTdOy
0T°0 : . 91°C-c0°'C S P 2t
12T 1771 T T v
Uty S
AL 767160 4 T v
SITATI L0 LuTysSung
60y Ly 9-1l°¢ 4 7T Y
Juiioaty
£0°0 €0°0-26°C 14 T (9157T) W
70’0 70°0 T 7 (5L67) C
¢T°0 ¢1°0 T € (9467T) O
60°0 LT°0-T0'0 1¢ TL (9L51) €
65°0 mo.ﬂlmo.o S 9T (946T) V

STUTADIT Supur

surdumyy

TTOR oduey
(Tw/sa8q13)

d Surrtdues Suranp

soqse o8vioav poauldTom SwIg

POTaC
COHUMMuEOUﬁOUmOJ

: sordwes jo
"$39S JO aaquny

mmHo_m
Jo aoquny

JI0M vouBUOLIUTEW

put xrcdol

TUTUTT OABAq JO JUTTCWES

Teuosacd wivl~guoy

¢¢  oTqel



88

(v3ep pogsTTOndun “G/ET~7/6T) HSOLK :wexg
80 6°0=9°0 z T (zL61) &
10°0 10°0 [ I (9ugr)yd
20°'0 AV T L (5i6T)C
70'0 %0°0 T Y (9L6T) 0
L0'0 LT°0~T0'0 81 66 (9267) €
(50 ¥E I-C0"0 9 € (9/6T)V

sopdueg vely [edoudy

By s3uvy

UOTILIJUDOUOD S03S0

1dues Zuranp
eZvaaar pojulreom oSuTl

soTdwes Jo

JUTUIT

CM dourulluivw pue JaTedox

Meaq Jo Jurldwes voXe WAS3-JUOT]

“i

gg °lqeg

S3155 JO Iaquny .

sotdues
J0 Jaquny

v8ravy



89

(0L6T) TZ-LT ‘ST °*S4u -dnoop *uuy 3ySTtuy °71 *X PUC ' "0 “YSTOTH :woig

sdeq soTdwes
yr08 Lqaeou €1°0 82°0-L0"0 i 081 Coau 2T3vIS
£S9°7T soTdurs omj daoqe Jo a3vavar poiuldTom OSWITL

SupueaTo
a93JT OOTAIDS

oMTaq Noniy 800 20°'0 T 00% srTdwus Toucsasg
3utueeTl “Tout
20TAIDS

2{Liq ¥onag 60°L 60°L T 00T a7dwes TeRUOSIVZ

JuruedTo

oyeaq ur paduviua

PoRTAISS oTueyoouw u

SoToTYe=A 1T 89°0 CT°I-8e°0 9 o8Y S2TIWEBS TPUOSIDG

pnoio

3snp uT aud £g

" " <8¢ Z97E-TL T 4 06 sopdues °T3B3S

suop sa3uryd 280 Jo 9pIs Lg

oiexq ¢ €21 (AR AR [4 06 sordwes 07313

uBay ogury TeaxsluT
Shkidslinilel] (Tw/sx3qT3I) soTdéwes Surydups Tr3O0l S20UBRJISWUNRIITD
I0 SOTITATIIOY SUCTIBAIUIOUOD SCIS53QSY IO I2qQUOYN a3rvuTxoaddy Surtdueg

ISHP WhAP JO OBUTHOTG ALC SUTATOAUL 99TAJOS

9OUBUDJUTRU ©¥BIQ BULAND SUOTIBAJUSIUOD 19(QLJ SO3ISOJSE WIA83-3UOT

LS 214el



90

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 f/i:l vere
found. More recent information has been supplied Ly Raybestos~Manhattan
(Marsh, 1979). These show that during the cours. 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 conceutrations during specific vork activities have
been measured by severzl groups in both automotive and truck nervicing.

These are shown in Table 5R.

They demonstrate that short-teirm asbestos concentrations during brake
maintcnance work can be high. However, because they comprisc only a
portion of the work involved in brake maintenance, the TWA concentra-
tions zre generally much lower. Clearly, reduction of these peail expo-
sures by ecngineering controls ox by work practices can significantly

reduce TWA exposures.

Two scts of data on the time course of asbestos concentrations exist.
The measvrements of total dust by Lee® indicate 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 asbestos persists in the viockplace for as long
as 15 minutes after air blowing as far as 75 feet away. These data,
coupled with the previous information en asbestos concentrations in
genexral garage areas, indicale that a seneral, low-level background
contamination of asbestos can exist throuphout a garage wvhere brake

repair is conducted.

- O g A g R r
HEASOLEMIATS 1IN KUY YORK CITY FACILTITIRG (3979)

During 1979, NIOSH made measurcment at thiree New York City facilities
caploying workers who attended examinztions in this suvvey. These were
the xepair sbops of the Depuriments of Sruitation, Tronsporation and

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



91

(@]
i
(@]

< o 0N

C N N

O~ ey
1
o~

{
!
~
.

iy O
I

!
G oor
s NGO O

~

9/6T *Tv 32 Tyoy

GL6T ‘1T 30 Tyoy
96T ‘Te 39 Tyou

§L6T ‘usaey
9L6T ‘Te 39 Tyoy
6L6T ‘USAUR

6L6T ‘ysaey
9L6T°T® 32 Tyoy

0L6TYSTYOTI RayBTUy
9L-7L6T ‘HSOIN
96T ‘Tv 32 Tyoy

JutueoTs
pue Juirdsony

Uy [aaayg

asnoyxo acod
ISNEYX3 pook
c3urt
durpu

utT
T

Woly 3EnD
30 Zutrysnag

SUNAP
woxy Jsnp
gurmorq Ity

(Tw/3) uora., svldues

~BAJUIDUOD. UTBDY .« I2quny

(Tw/3) poanse

ol

SucTITIJULOUSD Jo ofuny Apnag

A31AT30V

§0T3TAT3I0v afedex oXwiaq O}Jf09dS SUranp Soduvs Wi93-3I0Yg

SOTITATIOT @outusiuloy

TX{ yonid puc

)
T TCOWSIIY JUTIND BUOTIvi3uoouos

8¢ 9219qelL

)
S0350(5% JO AXewung



92

Table 59

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

Sampling fiber concentration (£/ml)

Activity time Sample TWA

Department of Sanitation

Brake change 136 0.33 0.21
Afrer finishing job 190 0.12 :
Wet brushing of dust 10 0.54
Area sample 395 0.06
Area’ sample 390 0.05
Department of Trancporation
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. Tya 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 automobile brake maintenance ranged senerally 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 used and soemewhat higher
concentrations may have occurrecd. 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 those who do brake vork.  1f the exposwme
during tle 1-2 hours required for a job is 1 F/wl, an approxinate TWA
exposure would be 1 f/uml (1.5/16) or about 0.] £/il.  General goarage
exposure from other jobs wvould add slightly to this, but t(he upacr
linit of the average cxposure for the commercial garage mechanics
examined in this study would be 0.2 f/ml. Tor the S.E.1.U. Local 246,
wechanics  employed by the City, higher averape exposures would lLiave

occurred from the riveting, drilling uud grinding that wvas done on

o
large truck brake asscuiblies.  Mowever, these high exposure woik acti-
vities would only require a few minutes 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 {or 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 abnormslitics is found among garageo

iechanics vho repaired brakes than among blue collar controls or

garaze workers who do not engage in brake or auto body work. The

age standardized percentage of  abpormulitics is sipeiticantly

greater (P<0.05%) in those 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 percentage of abnormalities in this group can
be attributed to the past sanding of auto body fillers containing

asbestos.

Individuals who had previous ciployment in shipyards, averaging
five vears in duration, also had a greater percentage of abnormal
X-rays. The percentage age standardized percentage wvas signifi-
cantly grester in those whose shipyard employment began 30 or more

years previocusly.

The pulmonary function results of garage mechanics engaged in
brake work are no different from non-garage workers and other
general poepulation 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 vehicle preperation men and auto body shop work-
crs have significantly reduced pulmenary function tests (FVCI,
TE71, and NMF) compared to other garagse workers and general popu-

lation controls.

The auto bvedy shop ciployees had exposure Lo asbestos and a var-
iety of soivents. The causal exposure among the car jockey-vehicle
preparation men is uncerlain. The role of automebile exbizust

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 vehicle construction showed

signif{icantly elevated plasma concentrations of nickel.
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BRAKE REPAIR AND MAINTEDANCE WORKLRS SURVEY
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RESPIRATORY QUESTIONNAIRE

WAME J NU?.I‘SI?P.{ Pl NERE
Last First Middie
initial

I am now going to ask you zome questions, mainly about your chest., 1 would
. " oy} § ",
like you tc ansver "YES" or "NQ" whenever poss

P
o -
$—
(a8}

COUGH

1. Do you usually cough first thing in the morning (on getting ups:)? 11
Count a cough with first smoke or on f£irst going out of doors.
Exclude clezring throat or 2 single cough, 1 - ¥o 2 = Yes

2, Do you usually cough during the day (or at nights)? 12
Ignore an occusionzl cough. 1 - YNo 2 - Yes
3. If ves: Do you cough like this on most days
(or nights) for as much 2s thrce months cach year? r—~—~
.1 ~ No 2 « Yes '13

Have you been coughing like this:

(1) - less than two vears —mv-7
(2) =~ nore than wvo years [— 14

PHLECY
Do you usually bring up any phlegm from your chest first thing in the ——
morning (on getting up=)? 15j
Count phlegm vith firat sioke or on first going out of deore,
Exclude phlegm {rcm {he noce.
Count swallowed phlegn, 1 - Yo 2 - Yes
5. Do you usually bring up &ny phlegm from your chest during the davy ‘

{or &t night+)? 1 - No 2 - Yes 1

D

6. . If ves: Do you bring up phlegm like this on most days

(or nightsa+) for 28 much a2s three nonths sach yesr?
. 1 - No 2 - Yeoy l 17

Exve you done so Zor:

(3) = Jees than tvo years e e
(2) -~ nors thoun tvo yunrs ‘ 18

¥hat colos s vour sputun or phlega?
Sy - wm
(2) - yeil

¥ ) 2
(2) = groy and/or black
b

(4) - brown L L]

= Colunn Nusbar

A e e A ot AN mIAAYE 418 i ety

+ Tor ntgint shaft caplovecs



- : ..___r‘___—.._._.
Is your cough and/or phlegm production related to any season? - l 20[
(1) - Spring
(2) - surnmer
- (3} - fa1)
(4) ~ winter
(5) - anl year
DOES TyE PHYSICIAN THINK TEAT THE PATINT FULFILLS 7HT CRITTFRIA rOR ’ RE—
CHRONIC BRONCHIT1S? ' r~7 21
' (1) - %o o
(2% -~ Yes
(3) -~ can't specify

7. In. the past thrce Years have you had a period of (1ncreased) cough &rnd —r———
phlegm lasting for three wecks or more? 1 - No 2 - Yes | 5 ??1
T
8, Have you hod more than one such pericd? L - N 2 - Yes { | oo
S. Have ycu ever covghed vp blood? 1 - No P Yes
If ves:  how oiten? . A
(1) - only cceasionally f f 2o

(2) only occasionally with = severe cold
(3) '~ sputunm streaked with blood (Irequently)
(4 hexorrhage

(8} ~ other (specify othor)

i
10. Was this in the past year? 1l -~ No 2 - Yes !~Mi_2§1

PREATHLESSNESS

1l. Are you troubleg by shortness of breath when hurrying on level ground? -

- -~ ]

1 - o 2 - Yes 27 |

12, Do you get short of breath walking with cther people of vour owy age? h-w~—7

1 - No 2 - Yes f l 28

13, Do you have %o atop for breath when walking at Your cwn pace et
on level ground? 1 -~ No 2 ~ Yes ! f 29

TTELZING
Maloosadialebivl

14, Does you cliest ever sound wvheezing or Wbistling? WM.QMW
L - o 2 - Yes r 20

15, I ves: Do ¥ou got this COsTly derding e éay or mostly ————

at uight, or bowth? 1 - baysg 2 - Moy 2 -~ Both 121§

6. Eave 1ou ever had attacks of shortness of breas,

th “heezing? P

2 .
1 =~ No 2 - vee L~ | 50



OCCUPATIONAL, WISTORY - CONTINUFL

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 before?

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

Describe:

RESPIRATORS: 1. Do you wear a respirator?
1 = No 72 = Yes

2. Vhat type is 1t,
- Filter
Cartridge

- Adr Supply

L3 N =y
f

vear it usually?

Usually

Occasionally

Infrequently

HYCIENE: 1. Do eat at your work site:
2

1 - Yo - Yes

2. Do smoke ot vour vork site?
1 - NXNo 2 - Yes 3 - lionsiolker

3. Do you change your clothes before geing home?
1 - %o 2 - Yes
4, Does your ennlovar furnisl work clothes
lawundes thes? .
1 - No 2 - Yes

5. De you have separute Jochars fox streeb and

vork clorhee?

1 - No 72 -

A & S

6. Do you shounr before coiug home?
1 - Yo 2 - Yok

L.sa_

(o}
¢33

&&

€9

[ o ]

e

L 172
.

e g

77 |

f NCSRURIEUN SRS

Ik

t r/"‘ '.:}"




" 17, If ves: 1Is/was your breathing absolutely normal between

attacks? 1 - No 2 - Yes
WEATHEFR'
18. Does the weather affect your chest? -

",

0y ~es ! s .
Only record "YES" if zdverse weather definitely and regularly
causes chest symptows,

1o, - If yes: Does the wezther make you short of breath?
Type of weather (1) - heat ‘

(Z) ~ cold
(3)
(4) - dryncss

(35)

danpness

i

any extreme

NASAL CATARRHE

20. Do you usuzally have a stulfy nose or cavarrah a2t Tthe back of vour
nose in the winter? 1 - %Yo 2 - Yes

21. Do you have this in the summer?

PHYSICIAN COMMENT: Nasal catarrh: (1) has no relation to chiest condi
(2) aggr2vates cough and phlegn procgue-
tion from chest, 2as described roove
) is & csuse of couph znd fhley
) is a =eparete entity - no couprn
phlegm dre produced bv patient,
(6) cannot Lz specifiecd

o«
1

™
P
(o9

CHEEST ILINESSES

1Incez which hes

22, During the past three years have you had any chest i
s a wegk?

kept you from your usuval activitics for 2s much 2

23. ' If yes: Did you bring up more phlegm than usval in anv of
these illnesses?

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

25. Do you have 2 heart condition for which vou are under s coctor's care?
I ~ Xo 2 - Yes

<
™
n
0
kel
9]
g}
i
-y
“r

conditions and drug ithexapy




TOBACCO SMOKING

26,

30.

31.

(O]
b+

=
3

Do you now smoke cigarettes?

"

NO '@ Have you ever smoked cigzrettes?
Dl A
How o0ld were vou when vou started cuoking reguleriv?

How old were you wien you last guve up smoking cizars=ttes?

List year verson last stopped cumoking
How much do/did you swmoke on the average?

Po/did you inhale the cigarette smoke?

What do/did you mostly smoke?

Type (1)
(2)

1

filter
non=-Ziltex

Size (1) = regular
(2 =~ king size
3 100 millireter

i

vou smoke a pipe?

", . 9
WO b

It llave you ever smoked a pipe? 1 - No 2 - Yes
How many pipefuls a day do/did you smcke?
Do yeu swoke cigars? 1 - No 2 - Yes
If "NO": Have you ever smoked cigars? 1l - No 2 - Yes
How many cigars a dav/do/did you smoke?
Do you chew tobacco? 1 - Xo 2 - Yes




PAST MEDICAL HISTORY

NUMBREIR

ol 4 First MI o
AGX
DATE OY BIRTH f l ! lll |
o lazt emxamined by a physician? {(month & vear) ! ll? I

. 3acuie illness

hospitalized,

.. =2cute illness (not hospitalized, other +thon trauma)
¥ ]

other than traums)

3. tresumi (not hospitalized)

4, trauma (hospitalized)

9. JFoliow-ug,
. follow-up,

7. rourine check-up
N

&. occupational surveillance prograzm {(exam,

acute illness

chronic¢ illness

supplicd by erplover)

9. pre-zmployment physical C e e

your last chest x-ravy?
Y

Result: 1l = normal 2

ever been hoépirzlized?

month

1 | 22 ]

PUYSICIAN:

abnormal 3 = doesn't know L ’ 15’

1. No l 27

2, Yes
Describe below

HOSPITAL

REASON

Code €001

if never hzacd
chest x-ray

S e
\),CJnnZ

relaase f

s
jon)
™
o
o

or ooen sagned? 1 = YXo 2 = Yes ' l 28



01,

02, Angina

are under the care of

05, High blood pressure

05. Claudication
Pulmonary

07, - Pncumonia
08,
oe,
Eronchitis
Emphysema

. Bronchiectasis

Pulmonary tuberculosis

. Silicosis

(9]
f
i
ot
i
4
o]
s
o]
ct
o
tn
o
e
oot
o
o

et
‘\‘

told by M.D.

™)
¢ 9]
'

UGIS
Hemorrhage

Ducdenal ulcer - told by M.D.

e "

21. o - UGIS

22, . " = Hexmorrhage
23. Bleeding from ulcer

24, OQOther GI bleeding

25. Hiatus herniza

26. Fepatitics

27. Jezundice

28, Gzall bladder disease

. -~ Other

Any other heart condition for which you
2 doctor?

(specify)

W

W

w
w

Genitour

s ®@

nary

2
v

8]

~1

W
[es]

Sl.

52,
53.

Fve

Nephritis

Kidney disease (1ndicate
Urinary inféction
Kicduney stones

Prostate enlargement

Blood in urine (not czused by atove)

Protein in urine (not
conditions)

cauvsed
Other

geni tourinzry

Peorin

i

n

Eczena
Other skin (spccify)

Acuile Anew

~

Chronic
Low white blood ccunt

Problens with blood clotiting
or blcececding

Sickle cell
Thalcssenia

Other Blood (specify)

Require glasses
Glzuconz

Coraracts
Weak or lazy eve

Optic neuritis

Other Zye (specify)
Nose 2nd Throat

Chronic Siaues
Inmpeared hearing

Nasal zllergies

oy

abov



Nasal polyps
64,
65.

66. Other ENT (specify)

Laryngeal polyps

Tonsilectonmy

aervous Svsten

67.

Seizure disorder

68, Stroke

69. Parkinson's Discase
70. Psychiétric illness
71.

Other Nervous (specify)

Musculoskeletal

72, Rheuma2toid arthritis

73. Other arthritis

74, Back injury

75. Degenerative disc disezce

76. Yes: Neurologic involvement?
77. DBone lesions

78. Other Musculoskeletal (specify)

Genernl

anc

Metaholic

79. Thyreid diseacze or
&0. Diabetes

81 Gout

€2, Night sweats

&4 Otlrer
finecr

S5 Skin

86 Throat
87 Lung

§8, Storach
%9. Rowel
€3, Rectun
@1, Prociate
@2, Breast
a3, Cervix
384 Uterine
$5, Otheoy CA

(specziy)

goliter

fATB]Cc[D] A,B = condition number C,D = vear diagnosed
) ) Active, neot under Actlive, under care
Currently inactive -~ physician's care of phrsician ’
H . )
! AR |47 | b hs
H ) }
L i 51 | T ha
R 55 ol s
T R H ]
N Y 59 o 27 |
i .
23 3 ] 1 311
R | s .
T [ Je ]
’ I [ 71 {__ I 35 |
i EE L s | 43 |
INE b A b e
ol T s Ry L e
. ! * ' 2 J - —~.~._l ' Ny _l..,.. "‘J
x Col 1-5 25 akove: punch E in c¢ol 6 s Col., 1-5 = atove; punch H 1n col, &
Other . e e e e+ e




<

ALConoL

1
1,
2.
3

.

MI

12

Lol el i
B~ WU W

NN R B N p s e
W oW

PARRi

NN ON

N

O pex S owm

w

TCATION:

- T8 medication

~ Steroids -
- Steroids - topical
- Broucho-dilators

Type Quantity

LoZ Y
Beer - cans/weck
Wine

quarts/weel

pinte/week

Whisky

- Diurctics (water pills)

High Plood Pressure meds ( other)

- Nitroglycerine

Digitalis

Otrer cardiac
Antihyperlipidenics
Anticcagulanis (blood thinner)
Long-term antibiotics
Short~term antibiotics

cral

Insvlin
Oral diabetes peds

¢
9]
o]
s
S o S
54
[t
L
-
[¢]
£y
et
[N
O
3

ressants

aep

- Anti-psychotics
(24
p=]

ARE YOU CURRENTLY TARING ANY OF T

a

W

o

n

1o

pprox. 10 shots = 1 pint

. ho alcohol intake

. <6 ecans; <1 gt < 1/2 pint
. 6-~24 cans: 1-4 quarts

172-2 pints./veek
. > 24 cans: > 4 quaris;

> 2 pints/week .
- ex-alcoholic < 1 yezr
ex-2lcoholic 1-3 vears i
- ex-2lcoholic > five years

£ TOLLOWING NEDICATIONS?

ot
[

No
Cu

t takxing any medication

. - Ao e g s $4 (e~ g
rrently taking medacriion

List nedicztions currently
boing taken, by rumber

Tl

B 63
KL

7

69




PHYSTCAL EXAMINATION

NAME| ?l , ’ { . Nunber . J! 5‘
1oz 3 04 Middle
. initial
E R R , 1 - mzale ’
f e i i . 1
Helu5§ { j] (1n.) Weight | 13 Sex 2 - feumale 4 6
BlOOd_PI-‘ESSU'Z‘3 J L7 { Pulse: rate I~ l J z2 3 ]
Regularity [ﬂ>26
e ) 1 = normal
=, e,
ZiJ ‘ 2 = drregular
\ : 3 = other
OERERAL APPEARARCE...oouiviiiiiii i IL_ 28 ’
1 = well developed, well nourished 4 = appears chronically 111
2 = obese . 5 = pale
3 = underweifi? 6 = other
. N o
P e —-——.‘——_..__._:
CYANOSIS....... et e i e, e e e e, e l | 29 ;
"-__._' ——
'l = absent 2 = lips, tongue 3 = fingers, toes :
EXTREMITTES B .
—————
clubbing 1 ="No 2= Yes { |
30
nails (normal = 1, other = 2); characterize l 31

ankle edema 1 = No 2 = Yes ‘ 32

JOINTS U 33 [

1 = normal

2 = sbnormal

Joint description

D

If abnormal: ,"_w ) ' 3*;

Joint code: 1 = pIp - 6 = inee [ ' {‘“. ,7“

2 = pIP 7 = fnkie P I {137

3 = Virisr 8 = More than 3 :“‘"‘, . “:—:‘!':h:

4 = Elbow o [ { f | {

5 = Shoulder 9 = cthes o 40

= swelling

= reduecs, heat

= deformity

crepitations

= associated vith hx of trauma

TOR P P

descriptive code:

DU £SO D b
]



-

- -
SIXII{ -..'-.-:oo---oo{,,-ovu.o--'ono-to-lnno--o-..o--oooo'..o-.o»-o.-c-o-o-

n

1 =-normal
2 = a2bnormality present

43]

If abnormal:

seborria

[w
it

acne valgaris

H

psoriasis

oW W
1

i1

other (describe)

EYES

Pupils (l=pormal, Z=abnormal) {(Specify

SClera icteric (l:NO’ 2:Yes)ouoc.-o-ptvn.c--u.oa.-'oocotooorovpoo

Conjunctiva (l=normal, 2=injected, 3=pale, 4=other ceveceresrssca.

Describe "other":

NOUTH (I=normal, 2=gingival abnormality 3=other)c - c-crrecercccco...

T te

. Describe other' <
TE{‘I’ROID L A L A I I R I AL I I I R R R R R RS L A R I I B S S RS
1l = normal
3 = nodular

2 = enlarged

DA

LYNMPHADEROPATHY (1ist locations) 51
1 = normal 5 = inguinal
2 = cerviczal 6 = more than 3 sites
3 = supraclavicular 7 = other
4= axillary
CHEST INSPECTION ceoo st erononacasororsstsossnsacssssncosnesescosncocosses 55

et
[t}

normal

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

w
l

= flaxring of cestal margzins




CHEST PERCUSSION.....ovviiiiiiiinnn,...

= norma
dullness,
dulln

[
w

[oa)

right
left

".

£ss,

W N e

= hyper-resouant, right
Describe "other"

Ji

A A I O I I . I T N P S S

= hyper-resonant, left
= hyper-resonant, bilateral,bases
= other

AUDSCUL TATION . . it ittt ten it vnnsnanaseosnn
6

normal brez2th sounds
decreased - right

57

L I R O I 2R NI S S S I A P AP

.

!

wheezing and/or rhonchi- alfvage
lenghtening of respiratory phase

i

2 7
3 = decrcased - left 8 = moist rales
4 = decreased bilaterally 9 = other
5 = wheezing and/or rhonchi in a
locail,) area:
Descrite "other"

RALE S i ittt ittt ectnsesnnnseocevononnae
1 RMAL
2 R-Ba
3 = LAAL

]

none
RAAL
RPAL

N

5

e

)}

s

I8

CARDIAC PALPATIOR AND PERCUSSION........

= normal
heart palpable in epigastrum
heart enlarged by percussion

N =

1l

3

I

SOUNDS .ttt tiivevensnrronennnanens

* BEART

.

1 = normal L =
2 = murmur 5 =
3 = distant heart sounds 6 =
bescribe "other':

E ~—‘.—.—~I
L ool
.l'i.......-l‘.'..".‘tl LLVL“"_'_
7 = LPaL
€ = L-Base
0 = diffuse (wore than 3)
ey 4
......................{ 52

= left ventrical hzave
right ventricular heave

displaces P.M.1.

(oA NN o

pII >A II

S3
other

ABDOMER
Inspection:

Masses:

Abdominal tenderness to palvpztion.
1 = none S o=

2 = RUG 6 = LU

3 = RLO 7 = LLQ

4 = Epignerric 8 = othor

ibe: Veother"

Peri-unbiiical




PALPABLE LIVER (I=not palpable, Z=palpable) * """t e rrecicecc,,

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

Liver tenderness (l=No

, 2:Yes) R I I T S N 48 e e e CERERY

Livel‘ COnSiStenCy M O L I T I T N T T S PO

l=normal 3=irregular nodular
2=increased firmness 4=other

PALPABLE SPLEEK (l=not palpable 2=palpable ccervcco et csnarrronas

If palpable, two dimensions by percussion (cm)

PALPABLE KIDNEYS (1=not palipable
3=palpable, le

L T T T T S

2=palp ble, right,,

H‘
oy

ABDOMINAL MASSES BY PALPATION (1=none, 2=present)ecceseeseroncennsos

Location, size aznd consistency

NEUROLOGICAL EXANINATION

*Deep tendon reflexes

l=normal 3=decreased
Z2=hyperactive. 4=absent
*
Specify abnormality: ankle 11 biceps 12
knee 13 wrist | 14

MOTOR A I L R R R I R R R R I I I I T T T SN l

l=normal
2=decreased strength
Indicate muscle group involved:
3=wrist drop
d=teleky sign
S=extensor weaknoss
6=Rabinski
7=other

oy

S R |

TREMOR ¢ o o v vt e ceenooonsnsnesstiioosenseaneneesssen et

18!

l1=none
2=outstretched hznds
3=intention

4=Fface

S=other

. "
Describe "nther

¥Col. 4-% as abcove; wvunch K in col, 10



'SENSORY; pin

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

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

a T
OTHER NEUROLOGIC : - ’ 5o !
1 = none

2 = present (describe)

= Fischhein
= holstein
= Lilis -

= Loriaer

= Ron

= Rosenmann
= Todzro

DWW RN

|



II.

HUMAN RESEARCH CONSENT ICRM

PROJECT DESCRIPTION

1. Investigation of Health Hazards in Brake Lining Repair and
Maintenance Workers Occupationally Exposed to Asbestos
(NIOSH 210-77-0118-0000)

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

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

CONSENT TO PARTICIPATE

I, s age , hereby voluntarily agrae to cooperate
in the 2bove named study and to undergo the tests listed fn Attachment 4.

The study has been discussed with me and 1 have been given a copy of fhlc
document. I understand that:

s
1

1. The procedures and tests to be followed are us staled
Attachment Aj no procedures arve expevizontal.

in

2. Attendant discomforts and risks are as noted in Attachment A &nd,
except as noted, are minimal aud provisicn hag been wmade fcr anv
necessary medical carve, and I have been told what to do if I have
any reaction,

3. Benefits are as Indicated in the Furpose statenent above e
(Part I, Item 3).

4. If alternative procedure advantagecus to wme dare available, they
are specified in Attachment A; and 1{ they become available during
the project, the proceduire most advantageious for me will be
indicated and used or an explanation will be given to wme 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 wy relationship to auy dnformstion (1) 2Qiscloszed
by me jn completing any project questionnaire and (2) reported by
ne or derived from me during ny participation in the above named
project shall be kept confidential aud will be disclosed to others
without my written consent except as requived by law and except
that such information will be used for statlstical and research
purposes in such a manner that no individual can be identified.

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

&, If any of my wcdlcal records arve required for purposes of this
project, a separate written consent for release of the records
will be requested fyom me.



9. Thera will be questions that T will be asked to answer,
and my inquifies concerning the guestions will be answered
‘by:

Dr. Selikoff or Dr. Nicholson- 212-0650--5823

. 10. A rveport of any significant {information from the study that
specifically conmcerns me, inclucding 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. :

SIGNATURE

Subject's Name Date

-

11 THVESTIGATOR: Wil 4;{/‘ b1, tssociate Professor

/ Nicholg PVD.,
/2 / Ny
,ﬁ%éﬁ() JZ?%H(LJ.Aﬁ;224{?4’ L ——

Signditure

/

IIT. CONSENT FOR MATRTERANCE OF RECORDS

I hereby give consent for Mount Sinai School of Medicine to maintain a1l
records of this exeminatfon. They will be completely confidential @s above and
information will be released to any phycician I designate upon 1y

written request and authorizetion &t any time in the f{uture.

SIGNATURE

Subject' Name Date

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

3

1¥. REQUEST AND AUTHORIZATICN TOR RELEASE OF INFORMATION

I, e L , hereby request and authorize
the Project Director to inform tthe folleowing physicians vhose wnames and
addresses I have entered below of any significant findings from the above
pamed study concerning me. (DO NOT LEAVE BLANK: WRITE "NO" WHERE YOU

DO NOT WISH TO GIVE A NAME AND ADDRESS) .

1. My personal physician: ) 2. Cther physician:t

Dr. Dr.

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

Raiid /- T ida T



ATTACHFENT A

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

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

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

Physical exauination

Each cf the above provides important inforuation for the evzluotion

of health starus. There is ninny discoriort associated with the dr

aving
of blood from the arm. The sputum cytology involves courhing up phlesn
Irom the throat into 2 container which L5 previded.  The pulucnary fencrion

test Involves a raxzipum breathing effor

rt

Ri
Se

[N

ghts under the Privacy Act of 1974 Title 5 United States Ccde,
c

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

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

|28
~

he principal purpcese of this study Is ac stated in Scctiocn I
tam 3.

=~ -1

{0

3) Routine use of this information is :n developing criteria aud

ti
prograas for a safe and heoalrhy place of euplovmont.

&) I do mot have to furnish any in
Nothing happens to me ag a res i
whether all or in vart of thar veguested, crcept that I mav ba

t

terminated frow the projecr.



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 diretct 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 (di.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.(zctivity 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 Cocdes

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

Frequency
A 1 job/day or greater
B 1 - 4 jobs per week
C 1 -4 jobs per month
D 1 - 5 jobs/6 months
Tertiary Codc
0 Yo grinding cr beveling

1 Some grinding or beveling

Szuple Entry:

e
o 0w
o

N
()
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