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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 a1. 1976; Hickish and Knight, 1970). Limited studies

have suggested that exposure may be associated with the risk of asbe~­

tos-induced disease including both pulmonary asbestosis and asbes­

tos-associated cancer (Lorimer et aI, 1976; Greenberg and Lloyd-Davies,

1974). These limited reports do not, however, indicate whether the risk

of ,asbestos-associated disease is common or uncommon. The question is,.
of "importance because over one million \JOrkers are regularly or inter-

mittently engaged in vehicle maintenance work in the United States at

this time (Bureau of Labor Statistics, 1979). Additionally, a large

number of other workers \{ere formally engaged in such \;ork in the past

and now are either retired or employed otherwise. It is estimated that

4,940,000 individuals are currently alive with such current or past

employment (Nicholson et al., 1982).

There are several sources of asbestos exposure to garage mechanics and

automobile repairmen. First, of course, is that the asbestos exposure

from the debris of brake or clutch lining wear, particularly when the

brake or clutch housing are cleaned using" a high pressure air hose.

Second, garage mechanics may be at risk from exposures during the use

of autobody filler and, finally, asbestos dust can be disseminated

during mixing and application of undercoating materials each of which

bas contained the fiber in previous years.

In order to deterr.line the extent of the asbestos-related risk from

garage maintenance \owrk, NIOSH has contracted with t.he Environmental

Sciences Laboratory to conduct a clinical examination of garage mech­

anics. The examination \\'as to focus specifically upon those mClnifesta­

tions of asbestos disease, such as X-ray abnormalities and pulmonary

function deficits, that would elucidate the possible effects from

exposure to asbestos in garage employment.
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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 (UA\V) whose members

~. ",ere employed in cOnllncrcial garages in New York, New Jersey and

Connnecticut. Also included were all pensioners maintaining

vested rights in a program administered by the Local.

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

employed in New York City municipal garages.

The unexposed control population for the above brake ~'lOrkers consisted

of:

1. I,ocal 259 members and pensioners employed currently or previously

in parts warehouses (New York City) and amphibious vehicle con­

struction in Stamford, Connecticut and Schenectady, New York.

2. District Council 37 (DC 37), Municipal State and Federal Employees

Union members employed in New York City as motor vehicle operators

or traffic device repairmen.

The above groups were selected prior to the beginning of the project as

the st.udy and control groups for determining the effecLs of possible

asbcst.os exposure on workers engaged in brake maintenance and repair

work. The control groups were chosen because of membership in the same

union and similar employment circumstances but \.;ithout brake mainten­

ance worl~. As the st.udy progressed it. was found that many of the

control population had had exposure 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
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with the project officer, it \','as 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) jobs 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 activities had

indicated that their current employment provided only limited opportu-

nity for asbestos enposure. The decision t.o include this group was

made prior to the April examination.

In (order to reflect the effect.s of asbestos exposure, only those in­

dividuals with ten years of employment in a particular trade were

considered for exawination. In the case of the UAW members this con-

sisted of all individuals with ten years of union membership. For SEIU

members who ",rere classified as mechanics in the New York City Civil

Service Employees categorization, five years of prior automobile main­

tenance work were required in order to obtain such a status. Thus, the

criteria of five years of union membership identified individuals who

had at least ten years of employment in garage work as a mechanic or

apprentice. Table 1 lists the distribution by seniority date and union

affiliation of all individuals who were invited and who participated in

the examinations.

The response was limited by several circumstances. One was the dis-

tance many individuals had to travel in order to reach an examination

site. For example, both Local 259 and DC 37 Headquarters at which most

examinations were held are located in lower Manhattan., whereas most

study participant.s lived in Brooklyn or Queens. f'lany lived at even

greater distances in \vestchester or Nassau County, N. Y. or in New

Jersey. Examinat.ion sites "ere arranged to accol11odate as many of the

st.udy population as possible, but many individllals still lived at.

considerable distance from a site. Another fact.or was that most shops

organized by these unions are relatively small (79% of the population

workers in shops employing fewer than 30 members, only one-sixth of

\~hom \>!Ould hilVC been C'wployed for longer than ten years).



Table 1

The number of individuals invited and participatlng~

the examinations bv union affiliation...--==::.:..::.::.....::;;.;;:..::;..:::.;;::.::

Years of
union

seni.ority

UAt~ 259
___~~rage workers
invited participated

UAW 259
. vehicle construction
invited participated

DC 37
motot vehic. opere.
or sign maintenance
invited participated

SEIU 246 1

~arage mechanics
invited participated---_._._-------_.

< 10

10.0-19.9

20.0-29.9

30.0-39.9

40 or more

Total

Percentage

Retirees

Percentage

426 l8.J

197 77

48 27

5 2

676 293

(43.3)

395 63

(15.9)

LIS

115

43

3

206

36

(53.4)

(41.6)

28

69

12

1

110

15

292

34

326

(28.2)

4

53

30

5

92

575

315

2

892

177

116

33

12

338

(37.9)

.t-

1
Because of its recent establishment SEIU seniority was limited
individuals were employed for longer by. the city as mechanics.
of time in the particular job and employment with the city was
are reElected in the distributions of job employment times for
examinations

to less than 20 years although
The DC 37 seniority was that

usually longer. These circumstances
those participating in the
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The contact with individuals in these shops was by mail with letters

from the Dnion 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

Dnion health and safety representative and attendance encouraged,

greater participation resulted. Finally, only one examination was held

at each of the sites outside of Manhattan and those unable to attend on

a given day could only be accomodated at a clinic in New York City.

These factors led to a particularly low response of the 264 individuals

invited to the examination site in Long Island where only 23.8% parti-
,

cipated 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 tabulated in Table 2. It

also was found that, of those sent invitations, 2.1-5.3% were unde­

liverable by the post office.

EXAMINATION LOCATIONS AND PROtOCOL

Examinations were held at approximately monthly intervals from May 1978

through February 1980 at a variety of sites chosen for their conven­

ience to the residence or employment location of the participants.

These included the union headquarters of Local 259, DAW in New York

City and Schenectady, New York; the COllununity 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 Hultiphasic Hedical Center, Hempstead, Long Island; and

Haunt Sinai School of tledicine, New York City. For those locations

wi thout X-ray facilities, portable units were obtained. In each 10-

cation spirometry stations w~re established using field survey equip­

ment. of the Pulmonary Function Laboratory of Mount Sinai School of

Nedicine. Laboratory, examining and interview stations were easily

established in the available space in all facilities.

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

consisted of a complete occupational history with detailed descriptions
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Table 2

Reasons given for non-participation
in exaFiina tions

Telephone
response

Hail-in
response

Do not wish to participate

Not interested

Too busy at this time

Inconvenient time

Recent examination

Current illness, injury
or incapacitation

Illness or death in family

Too far to come or moved away

1'1iscellaneous non-health
reasons

20

20

20

7

5

3

4

5

175

5

3

5

1



l.

2.

3.
~.

4.

5.

6.

7.

8.

7

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 pneumoconiotic.

The clinical examination, tests, and procedures consisted of:

complete medical history;

current and past uses of medications;

current and past s)~ptoms;

physical examination;

complete blood count, including a differential count on individ­

uals with an abnormal white cell count;

20 channel blood chemistry analysis;

pulmonary function tests, including determination of complete

flow-volume characteristics;

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

All chest X-rays, laboratory results, and examination findings were

reviewed immediately for conditions that might require urgent atten­

tion. If such conditions were found, the patient was notified and, if

he wished) his personal physician was called. The radiographs were

subsequently interpreted using the ILO D/C International 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 disease conditions were

noted. (See Appendix 2.)

Predicted values for spirometry were based upon the revised analysis by

Miller et a1. (I980) of data of t'lorris , Koski, and Johnson (1971). The

criteria for individual spirometric abnormalities a~e listed in Table

3. After interpretation of the X-rays 3nd. review of all laboratory and

clinical findings) a report and letter were prepared and sent to each

participant. The two most important parameters for the assessment of

health effect.s from asbestos exposure are the manifestat.ion. of small

irregular opacities on an interpret.able X-ray and restrictive pulmonary
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Table 3

Criteria for normality of spirometry

FVC > 80% of predicted

FEV
1

> 80% of predicted

MMF > 75% of predicted

FEV
1

/FVC age 2.29 , >.75
age 30-59, >.70
age ~60 , >.65

FVC predicted =

FEV
1

predicted =

0.147 x Height (in.) - 0.025 x Age (yr.) - 4.241

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: tUller, Thornton, Smith and Horris. Am. J. Ind. Med. 1:55-68,
(980).
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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 sten~ed 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
,.

dis'tributions by union affiliation and work activity of participants

\o,'ith valid X-rays and pulmonary function tests are shown belO'" 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-penetrated films present difficulties in the interpretation

of the minimal changes seen with low level asbestos exposure. Thus, a

greater degree 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 individual were taken; these

were labeled \dth a single number and designated as A, B, C, etc.

These films were read as a group individually by three experienced

readers \>"ho were free to utilize the best P-A film for the determi­

nation of an X-ray reading. Results for the three readers and that of

the individual who read the X-rays following each examination were

entered on a code sheet fVr 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 IT,D DIC twelve

point scale. If the average came exactly half-way bet\>.'een two

values, as is possible with an even nwnber of readers, the values

of the three readers who read the entire group of X-rays at one

time determined whether one averaged up or down.

2. If the reading of one individual differed by three units from that

of the average of the others, all readers re-read that particular

film. The readers were told that a disagr~ement 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 disagreement existed among the readers as to whether or not

pleural changes existed such films \'1ere also re-read with the

specification that a disagreement existed with respect to in­

terpretation of the pleura. Following a second interpretation, a

determination was based upon the average of the second reading. If

an X-ray was interpreted as normal by two individuals and abnormal

by two others, the interpretations of the same three readers as

before determined the overall classification.

Approximately 110 X-rays read early in the sequence were reint.roduced

into the group at a later time to provide information· on reproducibil­

ity of t.he individual readers. For this analysis no "second" readings

as described above were used~ Table 4 shows the distribution of dif­

ferences of parench)~al and pleural readings of each of the four read­

ers 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 reproducibi lit.y and intra-observer comparability of readers is

well within similar variations determined by other interpretation

groups (I~ossiter, 1972; Glover) Bevan, Cotes, et a1., 1980). (See

Table 12 for the results of individual and averaged readings by job

category. )
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Table 4

The variability and reprodu_<;ibility of three
X-ray readers participating in this study

.: Reader -3

Subcategory difference
(Second reading - first reading)

-2 -1 0 1 2 3

1. o 4 13 93
(82)

1 1 o

Standard deviation: 0.77
Average score: First reading 2.40, Second reading, 2.24 1

2. o 5 20 66
(56)

10 4 o

Standard deviation: 0.83
Average score: First reading, 2.67; Second reading, 2.55

3. 3 8 13 63
(57)

14 5 o

Standard deviation: 1.01
Average score: First reading, 2.51; Second reading, 2.38

( ) = Number of films read as % both times.

1 0/- =1; 0/0=2; etc.
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RESULTS

OCCUPATIONAL HISTORIES

A careful review of all jobs each person held revealed that many exam­

inations participants had previously been employed in a job with poten­

tial for significant asbestos exposure. This 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

ha~ an identified or highly probable exposure to asbestos in previous

emp'ioyment or military service. The percentages were particularly high

in the groups that included men \\7ith skills as welders (vehicle con­

struction and city maintenance mechanics). Here, 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 effects 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 were

those individuals that insulated pipes, worked in asbestos manufactur­

ing operations or had similar exposures. Among those classified in

shipyard or heating trades were those with any shipyard employment or

work that involved the repair, installation, or maintenance of boiler

room equipment or 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. It should be noted that while every care

,,'as 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 \o.'ork activityl of study partici:eants

Union affiliation

T)~e of work activity
UAW 259

Maint. Canst. UAW 595 DC 37 SEIU 246 Totals

No identified asbestos
exposure or garage work

,"

Garage employment
but no brake work

Brake work

Other dust exposure

Possible asbestos
exposure

Shipyard, heating trades

14
(3.9)

82
(23.0)

217
(61.0)

7
(2.0)

14
(3.9)

22
(6.2)

70
(55.6)

2
(1.6)

2
(1. 6)

3
(2.4)

23
(l8.3)

262

(20.6)

85
(69.1)

18
(l4.6)

11
(8.9)

5
(4.1)

28
(28.9)

18
(18.6)

18
(18.6)

1
(1. 0)

13
(13.4)

17
(17.5)

8
(2.4)

22
(6.5)

213
(63.2)

7
(2.1)

22
(6.5)

61
(l8.1)

205

124

450

36

83

131

Direct asbestos eA~osure

(insulation, factory work)

Totals

Totals with other pos­
sible asbestos exposure

356

36
(l0.1)

126

37 2

(29.4)

4
(3.3)

123

20
(l6.3)

2
(2.1)

97

32
(33.0)

4
(1. 2)

337

7
(25.8)

10

1039

224
(21.5)

( ) = Percentage of union members in job category.

1 Four men had missing occupational histories and.
~x61uded from further analysis.

These were

2 Ten of these 26 individuals insulated mufflers and 2 continuously
installed brakes during amphibious vehicle construction. Their
lI o ther asbestos exposure" occurred as part of the job under study.
These were not included in totalS with other possible asbestos exposure.
In subsequent analysis, how'ever, they \o.'ere included in the category
of shipyard, heatiog 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 abnormalities

found in both the exposed (brake \wrkers) 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.

It is st.riking that 8.9% of all participants had previous employment in

the shipbuilding and ship repair industry. As approximately 45% of the

study participants were over age 55, many had opport.unity for employ­

ment in one of the several New York area shipyards that operated during

and after World "Jar II (Brooklyn Navy Yard, the Hoboken yards of Todd

and Bethlehem Steel). [Approximately 4, SOD, 000 men (and \vomen) were

employed in ship construction aud repair during World War II (Nicholson,

Perkel, aud Selikoff, 1982). This constituted 9.4% of the non~agricul­

tural national male work force in 1943, but a much imaller 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 emplo)~ent.

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 readable 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 exposure

categories. The percentage of individuals \vith valid pulmonary func­

tion tests (96.4%) compares favorably with other surveys. Again, those

with missing tests are randoml~ distributed among all occl:pat.ional

categories.
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Table 6

The distributions and percentages of readable X-rays by
union affiliations and t)Te of work acti~l

Union affiliation

T>Te of work activity
UAW 259

Maint. Const. UAW 595 DC 37 SEIU 246 Totals

No identified asbestos
eA~o~ure or garage work.

14
(100.0)

67
(95.7)

85
(100.0)

25
(100.0)

8
(l00.0)

202­
(98.5)

Garage employment
but no brake work

Brake work

Other dust exposure

81 2
(98.8) (IOO.O)

214 2
(98.6) (100.0)

7 3
(l00.0) (l00.0)

18
(100.0)

14
(77 .8)

18
(l00.0)

o
(0.0)

19
(86.4)

187
(87.8)

7
(l00.0)

116
(93.5)

421
(93.6)

35
(97.2)

Possible asbestos
exposure

14
(IOO.O)

21
(91. 3)

11
(l00.0)

9
(81. 8)

20
(90.9)

77
(92.8)

Shipyard, heating trades 22 26
(l00.0) (l00.0)

Direct asbestos exposure
(insulation, factory work)

5
(l00.0)

4
(l00.0)

13
(76.5)

1
(50. 0)

57
(93.4)

4
(loa. 0)

123
(94.0)

9
(90.0)

Totals 352
(98.8)

121
(96.0)

123
(l00.0)

80
(87.0)

302
(89.6)

'983'
(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 activi ty12

Union affiliation

Type of work activity
UAW 259

Haint. Const. DC 37 SEIU 246 Totals

Direct asbestos e~posure

(insulation, factory work)

,.•~

No identifi~d asbestos
exposure or garage work

Garage employment
but no brake work

Brake work

Other dust exposure

Possible asbestos
exposure

Shipyard, heating trades

13
(92.9)

80
(97.6)

211
(97.2)

7
(l00.0)

14
(l 00.0)

21
(95.5)

69
(98.6)

2
(100.0)

2
(00.0)

2
(67.7)

23
(l00.0)

262

(100.0)

25
(89.2)

18
(100.0)

17
(94.4)

1
(l00.0)

11
(100.0)

17
(l00.0)

1
(50.0)

8
(l00.0)

22
(100.0)

206
(96.7)

7
(100.0)

20
(90.9)

56
(91.8)

4
(100.0)

115
(95.81

122
(98.4)

436
(96.9)

17
(94.4)

68
(97.1)

120
(95.2)

5
(83.3)

Totals 346
(97.2)

124
(98.4)

89
(96. 7)

323
(95.8)

883
(96.4)

(

1

) =Percentage of category with valid pulmonary function test.

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 ABNOR1'IALITIES

Tables Sa and 8b list the averaged readings for the parenchymal X-ray

abnormalities according to the lLO D/C International Classification of

Pneumoconioses for the various asbestos-exposed groups established in

this survey. Seven hundred and ninety-nine of 983 readable X-rays were

classified as having % or 0/1 readings for parenchymal fibrosis. One

hundred and seventy~seven were classified in category 1 (1/0-]/2) and

seven were classified as having 2/1-2/3 abnormalities. Of those with

nor.mal pleura, 735 of 871 (84.5%) were also normal for parenchymal

changes. For those with abnorrnal pleura, the percentage with normal

parenchyma was much less. Only 64 of 113 (56.6%) of the readings \"ere

categorized as % or 0/1.

Tables 9a and 9b list the pleural abnormalities according to the se­

verity (extent and thickness) of pleural thickening and whether or not

calcification or pleural 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 seen on 38 X-rays, including 16 for which

pleural thickening was also identified and one with pleural calci­

fication. The degree of pleural abnormalities was relatively minor.

Of those with pleural thickening, 42 had the lowest category of extent

and thickness (A/I). Twenty-nine were categorized as either A/2 or

B/I. The more severe examples of pleural thickening were largely

confined to individuals who had either direct asbestos exposure or had

previously been employed in shipyards.

Tables 10 and 11 list the percentages in the different occupational

categories according to the type(s) of X-ray abnormality. As can be

seen from Table 11, the percentage with any abnormality among those

wi th garage employment is 24.27., compared to 18.8% among i ndividua Is

\-lith no stated asbestos exposure or garage eiuplo·yment.. Corresponding

percentages fOl- parenchymal abnormalities are 19.0% VS. 15.3% and for

pleural abnormalities 8.4% vs. 8.9%, respectively for those with g~rage



Table 8a

The n~~bcr and category of parenchymal X-ray abnormalities according to work activity

Normal pleura

~~ro~us~on of small irregular opacities

T~~e of work activity
Normal X-ray

0/0 0/1 1/0
Abno"m~l Parenchyma

1/1 1/2 2/1 2/2 2/3

No identified asbestos
exposure or garage work

Garage employment

No brake work

107

264

60

57

143

27

17

61

13

3

16

4

o

4

o

a

3

1

a

1

o

a

a

o

Brake work 204

Other dust exposure 10

Possible asbestos exposure 30

Shipyard, heating trades 52

Direct asbestos exposure
(insulation, factory work) 5

Totals 468

116

17

23

27

a

267

48

4

8

7

2

99

12

2

o

4

o

25

4

o

1

1

o

6

2

o

a

o

o

3,

1

o

a

o

o

1

o

a

o

1

o

1

I-"
(Xl

The categorization of work activity is such that an individual in a given category
would have no exposure of a category lower in the table, i.e., a person classified
as a brake worker would not have other exposure to asbestos or other dusts. On the
other hand, categories low in the table, shipyard workers, e.g., could also have ex­
posure to asbestos in categories higher in the table, such as brake work.



Table 8b

The number and category of parenchymal X-ray abnormalities according to work activity..
Abnormal ~ra

Profusion of small irregular opacities

Normal X-ray Abnormal Parenchyma
Type of work activity 0/0 0/1 1/0 1/1 1/2 2/1 2/2 2/3

No identified asbestos
exposure or garage work 5 2 9 1 0 0 1 0

Garage employment 10 17 9 6 2 0 0 0

No brake work 3 2 3 2 1 0 0 0

Brake work 7 16 6 4 1 0 0 0 I-'
\D

Other dust exposure 0 2 0 0 0 0 0 0

Possible asbestos exposure 6 2 3 4 0 0 0 0

Shipyard, heating trades 7 11 10 1 1 0 1 0

Direct asbestos exposure
(insulation, factory work) 1 0 1 0 0 0 0 0

Totals 29 35 32 12 3 0 2 0

The categorization of work activity is such that an individual in a given category
would have no exposure of a category lower in the table, i.e., a person classified
as a brake worker would not have other exposure to asbestos or other dusts. On the
other hand, categories low in the table, shipyard workers, e.g., could also have ex­
posure to asbestos in categories higher in the table, such as brake ~ork.



Table 9a

The number and cate&£EY of pleural X-ray abnormalities accordin~ to work activity

Normal parenchyma (0/0-0!1)

Pleural abnormality

Extent and thickness of pleural thickening

Normal Abnormal Pleural Pleural
Type of work activity pleura pleura Al A2 B1 B2 Cl C2 calcification plaque

No identified asbestos
ehyosure or garage work 164 7 4 1 0 0 1 0 0 1

Gar~ge ~uployment 407 27 11(3)2 3 3 0 0 0 0 13(3)

No br,:'!ke ~'ork 87 5 2 2 0 0 0 0 0 1
N

Brake work 320 23 9(3) 1 3 1 0 0 0 12(3) 0

Other du.st exposure 27 2 1 0 1(1) 0 0 0 0 1(1)

Possible asbestos exposure 53 8 4 2 0 0 0 0 0 2

Shipyard, heating trades 79 18 4(2) 0 6[1]1 2{1}3 2 2(1) 3[2] 5(4)

Direct asbestos exposure
(insulation, factory work) 5 1 0 0 0 1 0 0 0 0

Totals 735 64 24(5) 6 10[1] (1) 4{1} 3 2(1) 3[2] 22(8)

1 [ ] = calcification present with pleural thickening.
2 ( ) =plaque(s) present with other conditions.
3 { } = both pleural calcification and plaque(s) present with pleural thickening.

The categorization of work activity is such that an individual in a given category would have no exposure of a category.
lo~er in the table, i.e., a person classified as a brake worker ~lould not have other exposure to asbestos or other dusts.
On the other hand, categories low in the table, shipyard workers, e.g., could also have exposure to asbestos in categories
in the table, such as brake work.



Table 9b

The nunlber and category of pleural X-ray abnormalities accordirig to work activity

1 [ ] = calcification present with pleural thickening.
2 ( ) =plaque(s) present with other conditions.
3 { J = both pleural calcification and plaque(s) present with pleural thickening.

The categorization of work activity is such that an individual in a given category would have no exposure of a category
lower in the table, i.e., a person classified as a brake worker would not have other exposure to asbestos or other dusts.
On ~he other hand, categories low in the table, shipyard workers, e.g., could also have exposure to asbestos in categories
in the table, such as brake work.



Table 10

Number and percenta£?~~f X-ray abnormalities
according to work activity- .., \..

Parenchymal Reading

Work Normal Normal pleura Abnormal pleura Number
activity x-ray 1 2 0 1 2 in category

No stated asbestos 164 20 0 7 10 1 202
exposure or garage work 81.2% 9.9% - 3.4% 5.0% 0.5%

All garage work 407 81 4 27 17 0 537
75.8% 15.1% 0.7% 5.0% 3.2%

No brake work 87 17 1 5 6 0 116
75.0% 14.7% 0.9% 4.3% 5.2%

N
N

Brake work 320 64 3 23 11 0 421
76.0% 15.2% o. 7~~ 5.5% 2.6%

Other dust exposure 27 6 0 2 0 0 35
77 .1% 17.1% - 5.7%

Possible asbestos exposure 53 9 0 8 7 0 77
68.8% 11.7% - 10.4% 9.1%

Shipyard, heating trades 79 12 1 18 12 1 123
64.2% 9.8% 0.8'70 14.6% 9.8% 0.8%

Direct asbestos exposure 5 2 0 1 1 0 9
(insulation,factory work) 55.6% 22.2% - 11.1% 11.1%

Totals 735 130 5 64 47 2 983
7[.. 8% 13.2% 0.5% 6.5% 4.8% 0.2%



Table 11

Number and percentage of X-ray abnormalitie~ ~

according to work activity and X-ray criteria

I/O or greater 1/1 or greater
1/0 or greater parenchymal parenchymal and/or
parenchymal Any pleural and/or any pleural pleural thickening Number in

\olork activity change change change or calcification category

No stated asbestos exposure 31 18 38 17 202
or garage work 15.3% 8.9% 18.8% 8.4%

All garage work 102 45 130 59 537
19.0% 8.4% 24.2% 11.0%

No brake work 24 11 29 15 116
20.7% 9.5% 25.0% 12.9%

Brake \l'Ork 78 34 101 44 421
N
w

18.5% 8.1% 24.0% 10.5%

Other dust exposure 6 2 8 4 35
17 . 1~~ 5.7% 22.9% 11.4%

Possible asbestos exposure 16 15 24 13 77
20.8% 19.5% 31.2% 16.9%

Shipyard, heating trades 26 31 44 34 123
21.1% 25.2% 35.8% 27.6%

Direct asbestos exposure 3 2 4 2 9
(insulation, factory work) 33.3% 22.2% 44.4% 22.2%

Tot:11s 184 113 248 129 983
18.7% 11.5% 25.2% 13.1%
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employment compared to those with no such employment or no stated

asbestos exposure. The minimal overall differences between these two

groups are more manifest in parenchymal abnormalities, there being

little difference in the percentages of pleural abnormalities. On the

other hand, significant differences exist in the percentages of pleural

abnormalities among those employed in work having direct asbestos

exposure or shipyard employment and those only employed in garage ,,,ork

or having no asbestos exposure. We will thus utilize both parenchymal

and pleural abnormalities to characterize t.he various exposed groups.

Other criteria could have been utilized for the determination of an

abnormal X-ray. For example, we could have required that all four

readers read an X-ray as abnormal before it would be so categorized, or

that an averaged reading of 1/1 be required for the establisl~ent of

parenchymal fibrosis, or that pleural plaques not constitute an abnor­

mality. To investigate vihether more stringent. criteria for abnormal­

itiesv,'Ould have altered the analysis, the overall results were cal­

culated v.'ith the criteria for abnormality being an X-ray categorized as

1/1 or greater and/or the presence of pleural thickening of calcifica­

tion (plaques were not considered abnormal). These data are shown in

the last column of Table 11 and demonstrate the identical trends that

were present in the data with less stringent criteria for abnormal­

ities.

TallIe 12 shows the distribution of abnormal X-rays for each reader

according to work category. While 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 ,,'ith other asbestos exposures had the greatest percentage of

abnormalities according to all four readers. Thus, the overall X-ray

results are relatively independent of the individual readers and inde­

pendent of the criteria for abnormali.ty established.



Table 12

•

Percentage of X-ray abnormalities
accordiEZ to indiviju~l readings of four. readers,

£Ljob category-

Job category

No Brake Garage, Heavy Shipyard Possible Other
Reader e:Kposure work no brake exposure work asbestos dust Totals

Averaged 18.8 24.0 25.0 44.4 35.8 31.2 22.9 24.8
reading (38/202) (101/421) (29/116) (4/9) (44/123) (24/77) (8/35) (248/983)

N
V1

1 16.8 20.0 18.1 44.4 34.4 22.4 28.6 21.6
(34/202) (84/421) (21/116) (4/9) (42/122) (17/76) (10/35) (212/981)

2 31.7 37.1 33.6 55.6 45.1 36.8 51.4 37.2
(64/202) (156/421) (39/116) (5/9) (55/122) (28/76) (18/35 ) (365/981)

3 19.3 25.3 27.6 44.4 38.2 33.8 17 .1 26.5
(39/202) (106/419) (32/116) (4/9) (47/123) (26/77) (6/35) (260/981)

4 18.3 22.2 25.9 33.3 37.4 33.8 25.7 2£..9
(37/202) (93/419) (30/116) (3/9) (46/123) (26/77) (9/35) (244/981)
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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 exposures to various dusts, including asbestos,

the opportunities for which increase with time. Addi tionally , 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 exposed and

control groups resulted in study populations that had similar age

distributions. However, to more accurately take into account any age

effect, the overall percentages of X-ray abnormalities were standard­

ized to the age distribution of all 983 individuals for whom readable

X-rays were available. A standardized percentage, P
std

' was calculated

using equation (1).

T
P d =I. P. N./983st ~ ~ ~

(1)

Where P. is the
1.

of the group of

percentage of abnormal X-rays in the ith age category

interest and N:, the number of all 983 individuals in
1-

the ith age group. For a group having an age cell with no data

(insulation/factory, other) standardization was based on those cells

with data using equation (2)

T T T T TPstd = L P. N./983 [L P. N./I P. N.] (2)
~ 1. 1. ~ ~ ~

avail i all i avail i

Where P. again equals the percentage of abnormal X-rays in the ith age
1.

category of the group of interest and N:, the number of all 983 indi­
T ~

viduals in the ith age category; P. is the percentage of abnormal
~

X-rays among all 983 individuals in the ith age category. These over-

all age-standardized percentages are shQwn in Table 13. The difference

between the iDdividl~ls performing brake work and those with no identi­

fied asbestos exposure remains, while the percentage of abnormalities

in those employed in a garage but not. engaged in brake repair ,,,ork



Table 13

Percentage of X-ray abnormalities according to work activity, by age

Age
Age standardized

Type of work activity <40 40-49 50-59 60-69 >70 Totals percentage l

No identified asbestos 4.3 14.9 20.0 37.8 33.3 18.8 21.4 ± 3.5
exposure or garage work (2/47) 0/47) (13/65) (14/37) (2/6) (38/202)

Garage employment 11.9 15.7 26.7 34.4 30.8 24.2 24.3 ± 2.1
(8/69) (19/121) (55/206) (44/128) (4/13) (130/537)

No brake work 25.0 0.0 25.6 22.9 28.6 21.2 18.6 ± 4.1
(2/8) (0/11) (9/38) (8/35 ) (2/7) (21/99)

Brake work 11. 1 17.8 24.5 36.5 40.0 23.6 24.5 ± 2.5
(6/54) (19/107) (38/155) (31/85 ) (2/5) (96/406)

N
-...J

Body work 0.0 0.0 57.1 71.4 0.0 30.6 38.6 ± 10.7
(0/7) (0.3) (8/14) (5/7) (0/1) (13/32)

Other dust exposure ---- 18.2 16.7 33.3 33.3 22.9 20.3 ± 7.2
(2/11) (2/12) (3/9), (1/3) (8/35 )

Possible asbestos 40.0 26.3 35.5 18.8 100 31.2 32.0 ± 6.5
exposure (4/10) (5/19) (11/31) (3/16) (1/l) (24/77 )

Shipyard, heating trades 0.0 20.0 39.6 40.5 60.0 35.8 30.8 ± 4.6
(0/8) (3/15 ) (21/53) (17/42) (3/5) (44/123 )

Direct asbestos exposure ---- ---- 40.0 33.3 100 44.4 32.6 ± 6.3
(insulation, factory work) (2/5) 0/3) (1/1) (4/9)

Totals 10.4 16.9 28.0 34.9 41.4 25.2 25.2 ± 1. 6
(14/134) (36/213) (104/372) (82/235) (12/29) (248/983)

1 Standardized to the age distribution of all 983 individuals for whom readable X-rays were available.



28

decreases to somewhat below the level of those unexposed otherwise.

The percentages of abnormalities among those with other asbestos expo­

sure remain significantly different from those unexposed.

If we consider the percentage of X-ray abnormalities a manifestation of

a normal distribution with a variance reflected by t_he number of abnor­

mal X-rays, the respective standard deviations in the final column of

Table 13 are calculated. While the percentage of abnormal X-rays in

each of the job categories of Table 13 has a large uncertainty associ­

ated with it because of the limited number of individuals in a work

activity (other than brake work), the pattern of observed percentages

yields a remarkable consistency. The two groups with no identified

asbestos exposure, non-garage controls and garage Horkers 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. Individuals with other dust

exposure appear to be unaffected by such materials. This is probably

the result of the relatively short exposure times or the marginal expo­

sure circumstances. The other dusts included coal (23 men), silica (9

men), and other dusts (3 men). Five of the other dust exposures were

for longer than ten years. (One of the five had an abnormal X-ray.)

The average exposure of the other 30 was 3.2 years. In subsequent

analysis these 35 individuals will be characterized by their garage (or

non-garage) employment. One notable feature of Table 13 is the high

percentage of abnormal X-rays among the 32 individuals who worked for

some time in auto body repair. (See subsequent sections on 'auto body

repair and undercoating work.)

Smoking standardization of X-ray abnormalities

Smoking has been identified as exacerbating the non-malignant effects

of asbestos. Death rates from asbestosis among 20+ cigarette/day

smokers are 2.8 times greater than among nonsmokers (Hammond, Selikoff,

and Seidman, 1979) and both parenchymal and pleural X-ray abnormalities

have been reported as more cOllunon among current and ex-smokers than

nonsmokers (Weiss, 1971; Rossiter and Harries, 1979; Weiss, 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 mpre

frequently among current smokers than ex-smokers. The age standardized

data for the overall X-ray readings are sho~~ in Table 14a.

Table 14b lists the percentage distribution of smoking histories ac­

cording to job category. As the unexposed group contains 25% more

current smokers than the other exposure groups, the X-ray result.s,

where possible, should be standardized for cigaret.te 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 histories of tile study group

(31.6% were smokers; 42.4%, ex-smokers; and 26.0% nonsmokers).

Standardized X-ray abnormalities by work activity

Table 15 lists the age and smoking standardized percentages of X-ray

abnormalities among those with no identified 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 individual~ with probable asbestos exposure

differs significantly from those unexposed (P<0.005, two sided). The

difference "is particularly significant (P<0.0002) for pleural abnor­

malities. This occurs because pleural abnormalities often appear from

relatively low asbestos exposures and can exceed parenchymal abnormal­

ities in prevalence at long times from onset of exposure. (See Anderson,

et a1. 1976, e.g.) As many of the individuals in this "probably exposed"

category worked during World War II in shipyards, we are observing

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

Table 16 lists the age and smoking standardized percentages of abnor­

malities aceording to garage activity and union. There is relatively

little difference between the percentages of abnormal X-ray for the

auto workers of UAW Local 259 while a large and significant (p < 0.05)
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Table 14a

Age standardized percentage ?f X-ray
abnormalities accorc!~ to smokin8 history

(all exposure categories)

Smoking History

Smoking
Abnormality Smokers Ex-smokers Nonsmokers standardized

Pleural 14.0 11.2 9.1 11.5

Parenchymal 26.3 16.0 13.9 18.8

Any 32.6 22.9 20.4 25.3

Table 14b

Percentages of distribution of smoking histories
according to job cat~

Smokers Ex-smokers Nonsmokers

No exposure including 39.1 39.1 21.7
non-mechanic garage work

Brake work 29.1 43.1 27.8

Probable asbestos exposure 31.8 42.0 26.1
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Table 15

The age 2nd smoking standardized percentages
of X-ray abnormalities according to exposure category

-

Exposure category Pleural Parenchymal 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

Garage work but no 6.6 ± 2.2 If•. 4 ± 3.5 17 .8 ± 3.9
brake work

Brake work 7.2 ± 1.3 19.3 ± 2.2 24.4 ± 2.5

Probable 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 1 of X-ray abnormalities
for different groups of garage workers according to work activity

UA\\7
Work activity 259

Brake v70rk2 19.8 ± 3.0

No brake work 2 17.3 ± 3.3

Percentage of participants
with other asbestos exposure 15.13

. Group
UAW DC 37
595 SETU Overall

28.9 ± 4.0 24.11 ± 2.5

21.7 ± 4.4 18.7 ± 4.7 20.1 ± 2.5

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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difference exists between those employed in city garages and all other

groups combined. This can be attributed to the greater grinding and

finishing of brake lining material that the city workers do. The work

in commercial garages is virtually exclusively on automobiles in which

brake shoes are simply removed and replaced. Asbestos exposures large­

ly occur through the air blowing of residual dust in the drum housing.

Many of the city workers, on the other hand, repair truck brakes and,

here, machining of the lining may be required to obtain a proper fit.

This additonal exposure can be significant. Rohl, Langer, Wolff, and

\\leisman (1976) found short -term asbestos concentrations during the

machining of new brake linings to range from 24 flml to 72 f/ml.

Tables 17a and 17b show the percentages of individuals \>iith X-ray

abnormalities according to years of garage employment and years since

onset of garage work. As can be seen, there is an increasing percent­

age of X-rays according to either variable. However, to some extent,

this would be a reflection of the previously discussed age effect seen

in both the exposed and unexposed populations analyzed in this study.

In order to take into account age, the age-standardized percentages of

abnormal X-rays were calculated for the age decades 40 through 69 years

for those employed more than or less than 30 years, and more than or

less than 30 years from onset of employment. (Individuals in each of

these three age decades were included in both the 30+ years and 30-year

groups so difficulties with empty cells was avoided.) However, the

small numbers in each age cell prevented any smoking standardization.

The' results sho~T that those employed for more than 30 years or \-lith 30

or more years from onset of exposure have the greater percentage of

abnormal X-rays. The differences between the age standardized abnor­

malities in the group \-lith 30 or more years of employment and those

with no asbestos or garage exposure or those with less than 30 years of

garage employment achieve a one-sided level of significance of P<O. 05.

An analysis by the estimated number of brake jobs per week, however,

does not indicate any trend (Table 18). The estimates are necessarily

uncertain because of poor recall and the analysis did not consider

eit.her duration of work or time from onset of employment.
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Table 17a

Percentage of individuals with X-ray abnormalities
according to years of garage work

Years of garage employment

Garage work <20 20-29 30-39 40+ Totals-

Brake work 13.8 20.0 28.8 45.2 23.0
(13/94) (34/170) (34/18) (14/31) (95/413)

No brake work 27.0 16.7 16.7 0.0 21.2
(3/48) (6/36) (2/12 ) (0/3) (21/99)

Total 18.3 19.4 27.7 41.2 24.2
(26/142) (40/206) (36/130) (14/34) (116/512)

Age standardized <30 30+

Brake work 19.4 ± 3.0 28.7 ± 4.2

Table 17b

Percentage of individuals with X-ray abnormalities
according to years since onset of garage work

Years since onset

Garage work <20 20-29 30-39 40+

Brake work 13.2 20.3 24.4 40.7
(10/76) (30/148) (33/135) (22/54)

No brake work 22.5 21.2 11.1 37.5
(9/40) (7/33) (2/18) (3/8)

Totals 16.4 20.4 22.9 40.3
(19/116) (37/1!3 1) (35/153) (25/62)

Age standardized > 30 30+

Brake work 21.2 ± 3.6 25.3 ± 3.5

Totals

23.0
(95/413)

21.2
(21/99)

24.2
(116/512)



Table 18

Percentage of abnormal X-rays according
to the frequency of brake work, by age

Age

Frequency of <40 40-49 50-59 60-69 70+ Totals Age standardized
brake work percentage 1

Any brake 11. 1 17 .8 4.5 36.5 40.0 23.6 24.5
work (6/54) (19/107) (38/155) (31/85) (2/5) (96/406)

i Daily 13.0 13.5 23.3 35.7 33.3 22.2 23.0
(3/23) (7/52) (14/60) (15/42) 0/3) (40/180)

1-4 times 12.0 25.0 23.1 39.4 0.0 23.1 22.8
weekly (3/25) (11/44) (18/78) (10/34) (0/1) (42/182) w

iJl

Less than 0.0 9.1 35.3 66.7 100 31.8 34.2
weekly (0/6) (1/11) (6/17) (6/9) (1/1) (14/44)

No brake work 25.0 0.0 25.6 22.9 0.0 21.2 18.6
(2/8) (0/11) (9/37) (8/35) (0/7) (21/99)

Total 12.9 16.1 24.9 32.5 33.3 23.0 23.4
(8/62) (19/118) (47/192) (39/120) (4/12) (117/505)

1 Standardized to the age distribution of all 983 individuals for whom
readable X-rays were available.
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Among those members of Local 259 of the UAW who were 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 t\olO subcategories higher in

1979-80 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

riods of time (38.6% versus 24.5% for brake workers and 18.6% for

garage workers who did no brake work). While relatively few men were

in the category, the percentage of abnormalities was significantly

higher than garage workers who did no brake repair (P<0.05, one-sided).

The average time of employment of the group in body shops was 13.3

years. Of those employed GlOre 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 pat.ching. Extensive dust

expOSure was con~on as the material was sanded smooth. The extent of

asbestos exposure is unknown because no fiber counts are available from

such operations. Fortunately, with the increased awareness of asbestos

hazards and with the introduction of the occupational asbestos stand­

ard, most manufacturers remov~d asbestos from their formulations. In a

current (1981) analysis of six compounds used in shops employing UA\·l

259 members, no asbestos was identified. However, while current asbes-'

tos risks no longer exist in these shops (at least to our knowledge),

persons exposed previously should be made aware of their asbestos

exposure, the risk associated witJ\ it, t.he sync:rgistic effect of cig3r­

ette smoking, and the desirability of appropriate medical surveillance.
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Table 19

Comparison of X-ray readings
of garage employees 1974-1979/80

1974 1979/1980 Reading
reading 0/1 0/1 1/0 1/1 1/2

0/0 6 2 0 0 0

0/1 5 4 4 1 0

1/0 0 0 0 0 0

1/1 0 3 0 0 1

1/2 0 0 0 1 0
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Automobile undercoating materials also contained asbestos as a rein­

forcement fiber and disease had been suggested in individuals engaged

principally in undercoating work. Thirteen men were identified in t.his

study with signifi cant periods of undercoating work. Of 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 times per year) applied under­

coating materials. These individuals vlere not segregated in any analy­

sis. In all cases where undercoating was done,· ready-mixed compounds

were utilized. It would be expected that the spraying of such material

would not lead to the release of hi gh concentrations of resirable

asbestos fibers. However, the grinding l'nderfoot of dry, over-sprayed

material on shop floors could release the encapsulated fibers.

Effect of previous shipyard employment

Of the 983 individuals with readable X-rays, 87 had· been previously

employed for some period of time in a shipyard, generally during World

War II. Overall, 39.1% of the X-rays of this group were abnormal. On

an age standardized basis, 28.6% were 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 relatively small number of cases, the difference between

these percentages is not significant at P<O.OS level. Tables 20 and 21

shmv the number and percentages of abnormal X-rays according t:o years

of shipyard employment and time since onset of shipyard work. To the

extent possible, age standardized percentages have been calculated for

each exposure category although, with the small numbers in a given time

cell, the procedure has large statistical uncertainties. The average

tinlc of employment of all 87 individuals in shipyard work was five

years. As fe,,' (15) v:orked longer than ten years, the data in. Table 20

on the trend accot.-ding to shipyard em1110yment are unstable Lecausc of

the small rwmbers in longer term employment categories. In Table 21

hm·'cvcr, a signi ficar:t tn:nd ,dLh yc<:t's since onoet. of shipyard employ··

ment is seen. On an age standardized basis, 37.9% of those with more
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Table 20

Number and percentage of X-ray abnorrn;jli ties
according to years of shipyord employment

Years of shipyard employment
Parenchymal

reading 0-4.9 5-9.9. 10-14.9 15-19.9 Totals

No rr'la1 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 39.2% 33.3% 50.0% 42.9% 39.1%

Age
standardized 27.2% 24.7% 45.5% 37.1% 28.6%
percentage of
abnormality
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Table 21

The number an~ercentage of X-ray abnormalities
according to.-2Tears from onset of s~ard employment

Years since onset of em~lJellt

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 pleUl.-a

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 0.0% 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

* Age standardized percentage of those 30 or more years from
onset of shipyard employment.
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than 30 years from onset of shipyard employment had abnormal X-rays.

This percentage is different from that of unexposed individuals at a

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

It is possible to compare the results of the prevalence of abnormal

X-rays among different shipyard popu] ations, 30 years or more from

onset of employment. The finding here of 17% more X-ray abnormalities

compared to controls among former sl!ipyard workers, employed for an

average of five years, is in agreement with studies of the effects of

long-t.erm shipyard employment. In a study of ship repair workers,

employed for more than 20 years, 87% of the X-rays of those 30 or more

years from onset of enployment 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 employment.

Evidence of malignancy

In any X-ray screening of a population of this size, it would not be

unexpected that a chest malignancy would be identified. Such was the

case with one individual in this study. He was referred t.o the chest

service at Mount Sinai Hospital for follow-up diagnosis. His broncho­

genic carcinoma was not operable, and while alive tHO years later, \.;as

in poor condition. Parenthetically, at examination his CEA level was

1.3 nanogram/ml and his sputum analysis showed moderate atypia, but no

malignant cells present.

PULMONARY Fm~CTION TESTS

Principal spirometric tests

Tables 22, 23, 24 and 25 show the mean values of forced vital capacity

as a perceut of that predicted (l00 x FVC/PFVC), the forced expiratory

voJ.tmle in 1 second as a percent of forced vital capacity (100 x FEV]/

FVC) , the forced expir~tory volume in 1 second as a percent- of that

predicted (100 x rE\\/PFEV
J
) > and the maximal rnidcxpirator'f £10\'1 be­

h!een 2:)A.~ and 7S cJ.- of forced vital capacity as a pcn:ent of that pre-



Table 22

Forced vital cap~city as a percent of that predicted (FVC/PFVC)
according to job category and smoking history

SmokingHistory

Type of work Current smokers Ex-smokers Non-smokers

No stated asbestos
exposure or garage work 94.1±1.8 (45) 94.7±1.9 (47) 99.2±2.6 (25)

Garage employment
with no brake or body work 86.0±2.6 (36) 92.1±2.4 (42) 96.4±2.6 (29)

Garage employment
including brake work 93. 6±1. 2 (128) 98.5±1.2 (181) 98.2±1.4 (118)

Garage employment 93.0±2.8 (12) 92.8±4.6 (15) 92.9±4.5 (5)
including body work

All identified and possible
asbestos exposure 94.0±2.0 (63) 94.7±1.5 (83) lOO.8±2.2 (53)

Possible asbestos exposure 94.9±3.3 (24) 94.7±2.2 (26) 99.8±2.7 (18)

Shipyard, heating trades 93 . 0±2 . 7 C37) 94.3±2.0 (56) 101. 5±3. 2 (33)

Direct asbestos exposure
(insulation, factory work) 101. 6±3. 4 (2) 118.9 (1) 98.4±19.l (2)

Smoking
standardized 1

95.7±1.2

91. 3±1. 5

96.9±O.7

92.9±2.4

96.l±1.l

96.l±1.6

95.8±1.5

~'r

.po.
N

± = standard error of the mean
( ) = n~~ber of individuals in category
* =Too few in category to be meaningful

1 Standardized to the smoking distribution of all with valid pulmonary function test.
(Smokers, 31.6%; Ex-smokers, 42.4%; Non-smokers, 26.0%)

The categorization of work activity is such that an individual in a given category would have no
exposure of a category lower in the table, i.e, a person classified as a brake worker would not
have other exposure to asbestos or other dusts. On the other hand, categories low in the table,
shipyard workers, e.g., could also have exposure to asbestos in categories higher in the table,
such as brake work.



Table 23

Forced expiratory volume in one second as a percent
of forced vital capacity (100 x FEV1/FVC) according

to job category and smoking histor~

___________________S_m~o~k_ing history

Tvoe of work
-t'.........,

No stated asbestos
exposure or garage work

Garage employment
with no brake or body work

Gcr~ge employment
including brake work

Garage e~ployment

including body work

Current smokers

76.5±1.4 (45)

75.6±1.3 (36)

75.7±0.8 (128)

74.S±3.3 (12)

Smoking
Ex-smokers Non-smokers standardized 1

77.3±1.7 (47) 80.1±1.2 (25) 77.8±O.9

74.7±1.7 (43) 76.3±1.9 (29) 74.9±1.0

79.0±0.6 (182) 80.6±0.6 (118) 78.4±0.4

74.7±2.S (15) 79.0±4.9 (S) 75.7±1.9

Possible asbestos exposure 7S.4±1.9 (24)

All identified and possible
asbestos exposure

Shipyard, heating trades

74 . 3±1. 1 ( 61)

73.7±1.4 (35)

76.2±O.9 (83)

75.S±1.7 (26)

76.4±1.1 (56)

78.4±l.O (S2)

76.4±l.6 (18)

79.. 9±l. 2 (32)

76.2±0.6

75.7±1.0

76.4±0.7

J:'­
UJ

Direct asbestos exposure
(insulation, factory work) 72.4±5.6 (2) 81.6 (1) 72.7±12.8 (2) ..,'-:

± = standard error of the mean
( ) =number of individuals in category
* = Too few in category to be meaningful

1 Standardized to the smoking distribution of all with valid pulmonary function test.
(Smokers, 31.6%; Ex-smokers, 42.4%; Non-smokers, 26.0%)

The categorization of work activity is such that an individual in a given category would have no
gory would have no exposure of a category lower in the table, i.e., a person classified as a brake
worker would not have other exposure to asbestos or other dusts. On the other hand, categories low
in the table, shipyard workers, e.g., could also have exposure to asbestos in categories higher in
the table, such as brake work.



Table 24

Force~iration volume in one ~econd as a percent of that predicted
(FEV1/PFEV1) according to job category and smoking history

Smoking history

Smoking
IIPe of work Current smokers Ex-smokers Non-smokers standardized l

No stated asbestos
exposure or garage work 98.1i2.2 (45) 101.3i2.7 (47) llO.li3.1 (25) 102.6i1.6

Garage employment
with no brake work 91.8i2.9 (36) 97.6±3.3 (42) 104.Si3.2 (29) 97.6il.9

Garage employment
including brake work 97. 9±l. 4 (128) 108.0i1.3 (181) 109.6il.5 (118) 105.2iO.8

Ga~oge employment 95. 9iS.5 (12) 96.9iS.S (15) 100.6i6.5 (S) 97.6i3.4
including body work

All identified and possible J::-

asbestos exposure 97.6±2.4 (61) 101. 8i2. 0 (83) 1l0.4±2.5 (S2) lO2.8±1.3
.;:...

Possible asbestos exposure 98.8±4.0 (24) 99.3±3.1 (26) 107. 8i3. 7 (18) 101. 7i2.0

Shipyard, heating trades 96.7i3.2 (35) 102.4±2.6 (S6) 112.5i3.5 (32) 103. IiI. 8

Direct asbestos exposure
(insulation, factory work)100.2i10.0 (2) 135.1 (1) lOl.3±S.1 (2) 'Ok

± = standard error of the mean
( ) = number of individuals in category
* = Too few in the category to be meaningful

1 Standardized to the smoking distribution of all with valid pulmonary function test.
(Smokers, 31.6%; Ex-smokers, 42.4%; Non-smokers, 26.0%)

The categorization of work activity is such that an individual in a given category would have
no exposure of a category lower in the table, i.e., a person classified as a brake worker
would no~ have other exposure to asbestos or other dusts. On the other hand, categories
low in the table, shipyard workers, e.g., could also have exposure to asbestos in categories
higher in the table, such 3S brake work.



Table 25

The forced expiratory flow between 25% and 75% of forced vital capacity
as a percent of that predicted (100 x MHFjfMrIT)

according to job category and smoking historl

Current smokersIYue of ~.;ork

______________S_m_o_k_.1._'~ His tory
Smoking

Ex-smokers Non-smokers standardized 1

Possible asbestos exposure 81.5± 7.1 (23)

No stated asbestos
exposure or garage work

Garage employment
with no brake or body work

Garage employment
includi~g brake work

Garage employment
including body work

All identified and possible
asbestos exposure

Shipyard, heating trades

83.6± 5.5 (39)

78 . o± 5. 9 (30)

78.9± 2.9 (110)

82.3± 9.7 (11)

76.2± 4.1 (58)

72.8± 5.3 (33)

92.3± 5.8 (42)

78.3± 6.3 (32)

98.4± 2.6 (149)

71. 3±9 . 4 (11)

89.2± 4.8 (65)

82.6± 8.6 (23)

92.S± 5.7 (42)

113.8± 6.5 (19)

86.9± 6.3 (24)

103.5± 2.6 (90)

91. 3±27. 9 (4)

104.2± 5.6 (36)

101.1±11.5 (12)

l04.9± 6.5 (2.3)

95.1±3.5

80.5±3.6

93.6±1.6

80.0±8.8

89.0±2.8

87.0±5.2

89.6±3.4

.p..
V1

Direct asbestos exposure
(insulation, factory work) 70.4±26.9 (2) 123.3 (1)

± = standard error of the mean
( ) = number of individuals in category
* =Too few in category to be meaningful

1 Standardized to the smoking distribution of all with valid pulmonary function test.
(Smakers, 31.6%; Ex-smokers, 42.4%; Non-smokers, 26.0%)

The categorization of work activity is such that an individual in a given category would have no
exposure of a category lower in the table, i.e, a person classified as a brake worker would not
have other exposure to asbestos or other dusts. On the other hand, categories low in the table,
shipyard workers, e.g., could also have exposure to asbestos in categories higher in the table,
such as brake work.
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dieted (100 x l-1UF/PHtlF) according to job. category and smoking history.

The prediction equations used were those of tEller et a1. (1980) (See

Table 3). The distribution of these parameters is sho\ffi 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 dtstributions of the three principal spirometric test results

(FVC/PFVC, FEV1/PFEVl' FEV l/FVC ) for all other groups of workers,

including those with possible past exposure to asbestos. While 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, smoking standardized data, show virtually

identical results for the unexposed control population, brake workers

and individuals eA~osed, or possibly exposed, to asbestos. These data

are shown in Table 30. This might be anticipated as only marginal

differences "'ere seen in the percentage of X-ray abnormalities among

individuals in different work categories. As forced vital capacity is

usually a less sensitive determination of asbestos-related changes than

the presence of X-ray abnormalities and forced expiratory volume in one

second relates to exposures other than asbestos, the absence of a

definite trend among the groups with varying asbestos exposure is not

unexpected (sec section on measures of small ainlay disease for a

discussion of ~IT/prfrW).

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 betl"een the three maj or

occupational groups studied, those unexposed to asbestos or to garage

work) those engaced in brake work, and those with a probable asbestos

exposure. However j in the case of mW/PHrIF (Table 25) individuals with

an idcntified asbestos expc>sure had a lovler smoking standardized mean

compared to those in the other two categories although not at a P<0.05

level of signi fica nee . The unexposed control group had t.he highest

meau values, fe,11o\.'cd closely by mechanics engaged in brake work.

Tho~:e wit.h ident.ified and posGible exposure t.o asbestos had intcrme-
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Table 26

The distribution of forced vital capacity
as a percentage of that predicted (100 x FVCjPFVC)

by job category and smoking hist~ -

100 x FVCjFVCP

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. Ll) (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 ",'ork 0 0 11 1
(0.0) (0.0) (91. 7) (8.3)

Ex-smokers

No identified asbestos 0 4 27 Hi
exposure or garage \york (0.0) (8.5) (57.5) (34.0)

Garage employment 2 9 16 16
but no brake work (6.7) (20.9) (37.2) (37.2)

Brake \'1Ork 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 ",'ork (0.0) (12.0) (44.0) (44.0)

Garage employment 0 Lf 16 9
but no brake work (0.0) (13.8) (55.2) (31.0)

Bqke work 2 7 59 50
(1. 7) (5.9) (50.0) (42.4)

Evely \,ork 0 0 4 1
(0.0) (0.0) (80.0) (LO.O)

( ) = PercentDge
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Table 27

The distribution of forced expiratory volume in one second
as a percentage of forced vital c~city (100_ x FEV1/FVC)

according to job cDtC'gory an4 smoking---.Eistor:.Y

100 x FEV1/FVC

Smokers

Job category

No identified asbestos
exposure or garage work

Garage employment
but no brake work

Brake work

Body work

<55

o
(0.0)

o
(0.0)

4
(3.1)

1
(8.3)

55-64.9

7
(15.6)

11
(8.6)

o
(0.0)

65-74.9

12
(26.7)

10
(27 .8)

42
(32.8)

3
(25.0)

75-84.9

17
(37.8)

18
(50.0)

53
(41.4)

8
(66.7)

85+

9
(20.0)

4
(11.1)

18
(14.1)

o
(0.0)

Ex-Smokers

No identified asbestos
exposure or garage work

Garage employment
but no brake work

Brake vlOrk

Body work

3
(6.4)

3
(7.0)

1
(0.6)

1
(6.7)

3
(6.4)

2
(4.7)

9
(5.0)

o
(0.0)

8
(17.0)

14
(32.6)

35
(29.2)

6
(40.0)

23
(48.9)

18
(41. 9)

99
(54.4)

6
(40.0)

10
(21.3)

6
(14.0)

38
(20.9)

2
(13.3)

Nonsmokers

No identified asbestos
exposure or garage work

Garage employment
but no brake work

Brake work

Body \.,'ork

( ) = percentage.

o
(0.0)

2
(6.9)

o
(0.0)

o
(0.0)

1
(4.0)

2
(6.9)

o
(0.0)

1
(20.0)

2
(8.0)

5
(17.2)

26
(22.0)

o
(0.0)

19
(76.0)

15
(51. n

64
(54.2)

3
(60.0)

3
(12.0)

5
(17.2)

28
(23.7)

1
(20.0)
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Table 28

The distribution of forced e~piratory volume in one second
to that predicted (100 x FEV/PFEV1)~ ob category

and smoking history

100 X FE \7 jPfEV, 1 1

Job category <60 60-79.9 80-99.9 100+

Smokers

No identified asbestos 0 5 19 21
expo,sure or garage \wrk (0.0) (11.1) (42.2) (46.7)

Garage employment 1 6 20 9
but no brake work (2.8) (16.7) (55.6) (25.0)

Brake Hark 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-smokers

No identified asbestos 2 2 15 28
exposure or garage work (4.3) (L.. 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)

Bodywork 1 1 6 7
(6.7) (6.7) (40.0) (46.7)

Nonsmokers

No identified asLestos 0 0 7 18
exposure or garage work (0.0) (0.0) (28.0) (72.0)

Garage employment 1 1 9 18
but no brake work (3.5) ( 3.5) (31.0) (62.1)

Brake work 1 4 29 81~

(0.9) (3.4) (2!L 6) (71.2)

Body work 0 0 3 2
(0.0) (0.0) (60.0) (1,0.0)

( ) - perccnLap:".'
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Table 29

The distribution of forced expiratory flow between 25% and 75% of
forced vital capacity as a percent of that predicted

(100 x MMFjPtil'1F) according to job category and smoking history

100 x HHF jPtfrlF

Job category <60 60-74.9 75-89.9 90-104.9 105+

Smokers
No identified asbestos
exposure or garage work

Garage employment
but no brake work

Brake work

Body work

10
(25.6)

9
(30.0)

37
(33.6)

2
(18.2)

9
(23.1)

9
(30.0)

16
(14.6)

3
(27.3)

3
(7.7)

4
(13.3)

19
(17.3)

2
(J 8.2)

5
(12.8)

3
(10.0)

14
(12.7)

1
(9.1)

12
(30.8)

5
(16.7)

24
(21. 8)

3
(27.2)

Ex-Smokers

No identified asbestos
exposure or garage work

Garage employment
but no brake work

Brake work

Body ,York

7
(I6.7)

12
(36.4)

14
(9.3)

4
(36.4)

5
(11.9)

5
(I5.2)

17
(11.3)

1
(9.1)

7
(I6.7)

5
(I5.2)

33
(22.0)

5
(45.5)

5
(11.9)

3
(9.1)

31
(20.7)

o
(0.0)

18
(1+2.9)

8
(24.2)

51
(36.7)

1
(9.1)

Nonsmokers

No identified asbestos
exposure or garage work

Garage employment.
but no brake work

Brake work

Body "lork

( ) = perccfitage.

o
(0.0)

3
(12.5)

1
(1.1)

1
(25.0)

3
(15.8)

5
(20.8)

11
(12.2)

1
(25.0)

1
(5.3)

5
(20.8)

16
(17.8)

1
(25.0)

1
(5.3)

6
(25.0)

21
(23.3)

o
(0.0)

14
(73.7)

5
(20.8)

1
(25.0)
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Table 30

Smoking standardized 1 means and percentages of
abnormal pulmonary function tests by job category

Job category

No identified asbestos
exposure or garage work

Garage employment
but no brake work

Brake work

Body '....ork

Definite and possible
asbestos exposure

Nean value Pf5rcent12a norma

100 x FVCjPFVC

95.7 ± 1.2 10.2 ± 2.9

91.3 ± 1.5 23.2 ± 4.7

96.9 ± 0.7 10.9 ± 1.6

92.9 ± 2.4 5.7 ± 4.0

96.1 ± 1.1 13.1 ± 2.6

No identified asbestos
exposure or garage work

Garage emplo~nent

but. no brake work

Brake work

Body work

Definite and possible
asbestos exposure

No identified asbestos
exposure or garage work

Garage employment but
no brake work

Brake work

Body work

Definite and possible
asbestos exposure

100 x FEV/PFEV1

102.6 ± 1.6

97.6 ± 1.9 .

105.2 ± 0.8

97.6 ± 3.4

102.8 ± 1.3

100 x HNFjPMHF

95.1 ± 3.5

80.5 ± 3.6

93.6 ± 1.6

80.0 ± 8.8

89.0 ± 2.8

7.2 ± 3.2

14.9 ± 4.9

7.1 ± 1.3

8.3 ± 4.8

8.7 ± 2.1

31.6 ± 5.4

49.5 ± 7.5

27.5 ± 2.8

46.6 ± 13.5

43.9 ± 5.2

1

2

Standardized tv the Emoking distribution of all with valid pul­
monary function test. (Smokers, 31.6%; Ex-smokers, 42.4%; Non­
smokers, 26.0%).

Abnormal is less than 80 for 100 x FVCjPFVC and ]00 x FEV1jPfrV l
and less than 75 for 100 x H:"iFjPHHF
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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<O.OOl (two-sided) level. (See section on possible

health effects of non-mechanic garage employment.) The same difference

was seen in auto body repair workers, but, because of the smaller

number of individuals, it did not achieve significance at t.he 0.05

level (P=0.12).

Possible effects from non-mechanic garage employment

For the principal three spirometric tests, as well as for Mr1F/ PMHF,

individuals with garage employment, but who did not engage in brake

maintenance work, had significantly lower means and a greateL percent­

age of abnormal pulmonary function results than either controls, brake

workers, or those with possible exposure to asbestos othenvise. He

investigated whether this may be the result of the greater percentage

of blacks and Hispanics employed in this category compared to other job

activities, coupled with improper pulmonary function standards for

these groups. Table 31 shm·,'s the percentage of individuals in the

various job categories according to their race. As can be seen, among

those with garage employment, but no brake work, more than 40% were

black or Hispanic compared to 28% of those with no identified asbe~tos

exposure and 16% of those who worked in bra.ke maintenance and repair.

To the extent possible, ,~e took into account the known differences

between black and white populations in the predicted standards for

forced vital capacity and forced expiratoty volume in one second (black

normals were 89~~ of those of ,,-'hites). For 11MF the same prediction

parameters were used for blacks and whites as there appears little

racial difference in flow rates (Schoenberg et a1., 1978). Hm.;cver,

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

fully accurate. For Hispanics ~~e used the same criteria as for ,:hites.

Table 32 shows the overall spirometric data according to race. As can

be seen, the means for FVC/PFVC and FEV/PFEV
1

for the black population

are generally lower than the white population in all smoking categories.

[The smoking standardized difference is significant. at the P<O. 01 level

(two-sided) for FVe/PFVe.] 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 \Vhite 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 work (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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Table 32

The means of suirometric tests by race

_____________ Smoking histo.~r..L.y _

Race

White

Black l

Hispanic

Current smokers

93.0iO.9 (222)

91. 2i2. 3 (53)

96.9i3. l f (9)

Ex-smokers

100 x FVC/PFVC

97. 4±0. 9 (300)

89.9i1.9 (51)

94 . 4±2 . 8 (J 7)

Nonsmokers

. 99. 6±l. 0 (187)

96.Si3.0 (36)

81.6±5.6 (7)

Smoking
standardized 2

96.6±0.5

92.0±1.4

91.9±2.2

vlhi te

Black l

Hispanic

White

Black

Hispanic

96.2il.l (220)

98.4i2.8 (53)

10S.0i5.3 (9)

77 .5i2.2 (197)

83.5±4.9 (44)

95. 9i14 .1(7)

100 x FEVl/PFEVl-

104. 9il. 1 (300) nO.Oil.2 (186)

100.4±2.2 (51) 106.8±3.6 (36)

101. 7±!.. 7 (17) 95.3±5.9 (7)

100 x Hi'IF/PMHF

92.7±2.3 (248) 102.9±2.5 (144)

89.8±4.7 (40) 95.S±6.1 (24)

94. 1±9 . 3(11) 113.3±6.4 (5)

103.5±O.7

10l.4±l. 6

101. li3. 0

90.6±l.4

89.3±3.0

99.7±6.2

1 PFVC and PFEV
1

for blacks were 0.89 that for whites.

2 Standardized to the smoking distribution of all with valid pulmonary function
tests. (Smokers, 3). 6~:.; Ex-smokers, 42.4%; Nonsmokers, 26.0%.)
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population is similar to that of whites with the exception of the

nonsmoking group, which is comprised of only six individuals. Thus,

the use of the same prediction function for Hispanics as for \-Illites

would appear to be a correct procedure but the prediction correction

for blacks remains in question.

Table 33 depicts the means of FVC/PFVC and FEV l/PFEV1 for blacks and

whites by smoking history and job category and Table 34, the smoking

standardized means by race and job category. (Too few Hispanics were

available for this analysis.) As can be seen, the deficits for those

categorized as garage employees, but who do no brake repair or mainten­

ance work, exist for both racial groups. However, it is particularly

notable for the blacks where the means of PVC/PFVC and FE\\/PFEV1 for

non-brake garage workers are 10% lo~'er than for blacks employed j n

other jobs. The pulmonary function deficit.s in this group largely

account for the lower values seen for blacks overall in Table 32 and

suggest that proper normal spirometry parameters were used.

The origin of these deficits is not clear. The group is largely com­

prised of "car jockeys," auto polishers, and new car preparation men.

(There was considerable movement of individuals among these jobs and

often a person would do all three.) They are employed in the same

facilities as the brake workers. Also included are a small group of

skilled mechanics who 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 area. Table 35 lists the spiro­

metric data for the three groups in cOJru11crcial garages, compared to

those engaged in brake \york, those exposed to asbe? Los other'ilise, or

the unexposed control group. As can be seen, the deficits are associ­

ated \-lith the group working as car jockeys or car preparation men and

t.hose employed in auto body shops. The differences in the sW::Jking

standardized me<:,ns for FVC/PFVC and FEV /PFEVl' between the car: j ockey­

vehicle preparation men aud mechanics (incl uding those \o!ho do bral<e

work) are significant at P<O.Ol (two-sided).



Table 3 J

Smoking standardized means of spirometric~
according to race and job cate~

Means

IYpe of work activity

No identified asbestos·
exposure or garage work

Garage employment
but no brake work

Brake work

Body work

No identified asbestos
exposure or garage work

Garage employment
bnt no brake work

Brake work

Body ~,orlc

100 x FVC/PFVC

96. 2±l. 3

94. 2±l. 7

97.5±0.8

94.3±3.1

95.6±2.3

86.2±2.5

9S.0±2.0

87.4±4.S

100 x FEV,/PFEVI

Whites

102. 9±l. 7

98.9±2.6

l05.l±O.9

99.0±4.0

Blacks

l03.7±3.7

95.2±3.1

l06.0±2.3

90.1±6.1

100 x t1l1F/PMUF

94.7±3.7

78.S±4.6

93. O±l. 8

83.S±11.6

88.5±10.4

83.S±7.l

93.9±3.6

66.1±12.9

V1
(]\



57

Table 34

Pulmoftary funct~~n results of garage worker.s who do not
repair brakes according to work activity and smoking history

Pulmonary
function
paramet.er

Current
Smoker Ex-smokers Non-smokers

Mechanical Work/Parts Department

FVC/PFVC

FEV1/PFEV1
MtlF/PMHF

88.8± 3.4(6)

98.8± 4.3(6)

106.1±14.7(6)

105.3± 1. 4(4)

llO.7± 6.5(4)

80.7± 7.5(4)

95.2±4.4(7)

100.1±6.2(7)

89. 0±12 .1(7)

Auto body repair work

FVC/PFVC

FEV1/PFEV1
MMF/PrlliF

93 . o± 2. 8 (12)

95.9± 5.5(12)

82.3± 8.8(11)

92 .8±4. 6 (15)

96 . 9±5 .5 (l5 )

71.4±9.4(11)

92.9± 4.5(5)

100.6± 6.5(5)

91.3±27.9(!.)

New vehicle preparation-car jockey-car polisher

FVC/PFVC

FEV1/PFEV1
MMF/PMHF

83.6± 4.7(15)

87.0± 5.2(15)

76.2±10.6{l2)

88.5± 3.1(21)

93.7± 4.0(21)

81. O± 8. 2 (16 )

96.9± 6.6(8)

108.3± 6.9(8)

94.2±15.3(5)
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Table 35

Smoking standardized
l

pulmonary function ,results of _
~age workers who do not repair brakes

compared to other groups

Job category FYe/PFYe

No identified asbestos l02.6±1.6
exposure or garage work

Brake work 96.9±O.7

Parts department 97.5±1.7

Body work 92.9±2.4

Vehicle preparation 89.1±2.6
car jockeys, car
polishers

FEF /PFE'I,7 MM:F jPMMF
1 1

lO2.6±1.6 95.1±-3.5

lO5.2±0.8 93.6±l.6

104.2±3.5 90.9±6.4

97.6±3.4 80.0±8.8

95.4~;3.0 82.9±6.3

Definite and possible
asbestos exposure ..

96.1±1.1 102. 8±l. 3 89.0±2.8

IStandardized to the
ary function test.
smokers; 26.0%.)

smoking distribution of all with valid pu~mon­

(Smokers, 31.6%; Ex-smokers, 42.4%; Non-
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To the extent that occupatioual factors may beasscciated with these

deficits, the possibility exists that greater exposure to automobile

exhaust among individuRls in this group has contributed to these find­

ings. A greater exposure could arise if the mechanics generally 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

031. (1973) who have observed significant pulmonary deficits among

bridge and tunnel workers who are heavily exposed to automobile exhaust

during the course of their work in the bridges and tunnels in and

around Hew York City. There, deficits in forced vital capacity of 9%

for nonsmokers and 13% for smokers, compared to a normal population

(smoking not specified) were seen. Greater deficits were seen for

various measures of airway flow. The association of automobile exhaust

with the deficits in pulmonary function among a limit.ed group of garage

workers is, of course, only suggestive. For a definitive association

to be demonstrated, it is necessary that a detailed study be made of

the work activities and the exposures of this group of workers in order

to determine if they do have significant.ly more exposure to auto ex­

haust than do garage mechanics.

Aut.o body repair

\vorkers ~lho were engaged in auto body repair had mean values for the

various spirometric tests that were considerably lower than those of

garage mechanics, unexposed controls and even the groups exposed to

asbestos otherwise. Because of the few individuals in this group, the

differences bet'loleen the auto body workers and garage. mechanics only

achieve t\vo-sided statist.ical Bignificance for FEVl/PFEVl' In addit.ion

to asbestos and other dusts, which could primarily affect FVC, the auto

body shop vlOrkers are exposed to solvent.s from paints and fillers, <lnd

welding fumes. The manifestations of disease seen in both the X-rays

and the pulmonary function test.s in the limited populations observed in

this study warrant. further definiation. Similarly, an industrial

hygiene survey of the materials to ~lhich auto body repairmen are ex-

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

Table 36 lists three pulmonary function results according to the X-ray

reading of the individuals. Two crited a ,,"'ere utilized for X-ray

abnormality, . a 1/0 or greater parenchymal reading and/or any pleural

change, including the presence of diaphragmatic plaques, and a 1/1 or

greater parenchymal reading and/or pleural thickening or calcification.

(The presence only of a diaphramatic plaque was not considered abnormal

in the latter criterion.) The results s60w that in general those with

abnormal X-rays have lower pulmonary function than those with normal

X-rays. This is evident for smokers and ex-smokers. The pulmonary

function means for the nonsmokers, however, are the same for those 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 effects

can be exacerbated by smoking, leading to the deficits seen in Table

36. The data of Table 36 are consistent with the previous discussed

data suggesting a greater p:::rcentage of X-ray abnormalities among

current and previous smokers compared to nonsmokers. Also, as ex­

pected, the pulmonary deficits in those with abnormal X-rays are great­

er when 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 (~liller et al., 1980). For this comparison, the

non-mechanic garage workers are excluded because of factors that may b'e

unique to that group. The studies overlapped considerably in time and

the same technical personnel were used in each. (The field dates for

the Michigan survey were February 1978 through December 1979 and for

this study, May 1978 through February 1980.) The purpose of the Michi­

gan survey was to measure levels of polybrominated biphenyls in blood

and adipose tissue and to evaluate other health indicators. The group

,,"'as chosen by (" random selection process usine Hichigan phone nUlllbcrs.

Predicted values utilized the regression equations for Lhe data of
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Tahle 36

The means of spirometric values according to X-ray
reading and smoking history llsing__ tVlO criteria

for X-Tay abnormality

Spirometric X-ray reading

parameter Normal Abnormal Normal Abnormal
(x 100) 0/0, PI. Th. or Pqs.) 0/1 or PI.Th)

Smokers

FVC/PFVC 92.7i1.1 (176) 9l.6il.6 (8~) 94.0il.O (213) 89.2i2.3 (43)

FEVI/PFEVI 97.2i1.3 (175) 94.0i1.9 (83) 96. 8il. 2 (212) 89.0i2.5 (42)

HHF/PHHF 80.3i2.6 (152) 76.1i3.8 (73) 80.7i2.3 (190) 69.5i5.2 (35)

Ex-smokers

FVC/PFVC 97.2iO.9 (2611) 92. 4±1. 9 (81) 98. liO. 9 (299) 90 .li2. 7 (43)

FEV
1

/PFEV1 105. 2il. 1 (264) 98.7±2.5 (81) IOI.'L IiI. 0 (299) 96.1i3.3 (43)

llifF/PrfrlF n.4±2.3 (216) 89.4±4.8 (62) 91. 6i2. 3 (243) 91.3i6.0 (34)

Nonsmokers_._---

FVC/PFVC 98.5±1.2 (173) 98.3il.6 (Lf8) 99. 8il. 1 (191) 99.2i2.3 (24 )

FEVI /PFEV
I

108.8±1.4 (172) 110. 2±1. 9 (48) 108.5i1.2 (190) 108.6±2.5 (24)

lli1F/Pj'll-IT 101.0i2.5 (127) 105.3i4.9 (37) 101.9±2.4 (44) 107.6±7.1 (17)

( ) = Number in category
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Table 37

A comparison of spirometric results in this cobort
with those observed in the general population of ~lichigan *

Observation group

This st1.'dy (excluding Hichigan
non-mechanic garage general
workers) population

Smoking history Blacks "Whites Whites

Smokers
Ex-smokers
Nonsmokers

Smokers
Ex-smokers
Nonsmokers

Smokers
Ex-smokers
Nonsmokers

100 x FVC/PFVC

96.5±2.4 94.3±1.0 94.7
93.7±2.3 98.6±0.9 97.3
98.2±3.7 101.l±1.l 99.2

100 x FEVJ..!PFEV1

1011 .1±2. 7 95.5±1.2 96.1
102.4±2.6 104.8±1.l 101.6
106.7±4.3 110. 2±1. 2 105.8

100 x MMF/PMMF

90.2±5.2 76.5±2.4 80.5
90.8±5.5 95.5±2.3 88.2
98.9±6.0 106.6±2.6 97.6

* Predicted values were obtained from the data of
Horris et a1.
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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 heen obtained (c.£. Table 30).

A variety of different research groups have produced regression equa­

tions for pulmonary function parameters on the basis of measurements on

"normal l1 populations. The equations of Kory et aI, 1961; Cherniak and

Raber, 1972; and Morris, Koski, and Johnson, 1971, particularly, have

r,ained widespread acceptance for comparative purposes. The populations

utilized and the criteria for acceptaole data are shown in Table 38 for

these thr~e studies along with five others that have also established

regression equations for normal populations and this study. As can be

seen, only two of these research groups included only nonsmokers in the

study group. A third included individuals who smoked for less than six

months and one included individuals who were ex-smokers of less than

five-pack years of cigarettes. In some cases averages of best efforts

were utilized; in others, values for all parameters were taken from 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 FEV
1

increase until about age 25, then remain relatively unchanged

until about age 35, and thereafter declining steadily with age. Be­

cause of this complexity, regression equations, based upon a wide range

of ages and utilizing only a single linear term to account for age, can

be significantly in error. The errors are such as to produce overesti­

mates of pulmonary functions for young and older groups and underesti­

mates for those in the middle years (see, e. g., Schoenberg et al.,

1978). As the population in this study is largely between the ages of

40 and 70, most regression equations are likely to understate the

values for these parameters. Additionally, lower predicted values will

clearly be obtained from populations that include smokers or froD!

studies that include averages of several expiratory efforts rather than

the maximal ones. The use of standards from such populations can lead

to underestimates of effect from agents in the worl:place that can

affect pulmonary fUlicU.on.



Table 38

The criteria for spirometry in several studies of "norl11<11" subjects

Hin.
Nurr.her of Numher of Smoking numhcr

FEVlindividuals Age individunls habits of Selection Sp:!romcter
tested range age 30 IncludeJ trials process det('rm[nntion 11tH:! zed

~!()rds e t .'li. 517 (507) 20-8lI 3t,8 Non-smokers 2 Best e(for.t After 200 1111 Ste[1d-!~ell s
(no cigs .:.. Gmo)

Chernink f, 1',nber 870 15-79 336 Non-smokers 3 Hnx. values Direct Wed r,e

Knl1dsf'n et al 128 25-79 95 Non-smokers 5 Best 2 of 5 Direct Pnel1ll1otnchyg rnr"
Dent of nny flow ('orrcf'ted to Q\

Stead-Hells ..,..

Kat)· at a1 468 18-66 335 Any 2 nest effort After 200 1111 ColUn~~

lI!ggr;lls & Keller 1035 20-74 "'760 Any 2 Best effort Direct Hedge

Ferris et al 156 25-74 NA Non-smokers 5 Best 3 of 5 Direct Collins
Ex-smokers

nass 1lJ9 21-71+ 125 Non-smokers 2 D:lre(~t Wedge
«5 pk-yrs)

This study 163 25-70 160 Non-smokers 3 Best effort Extrn(lo- RollJng Sent
laUon
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In this study valid pulmonary function tests exist for 163 nonsmokers

in other than the non-mechanic garage group. The previous discussion

has indicated their pulmonary function parameters (FVC, FEV1 and HHF)

compare favorably with the group studied by Horris, Koski and Johnson.

It is instructive to utilize the regression equations from t-he above

studies of normal populations to obtain other comparative data. The

various regression equations utilized are shown in Table 39 and the

percent rat.ios of observed to predict-ed spirometry parameters are

listed in Table 43. As can be seen, the values obtained for FVC/PFVC

and FEVl/PFEV1 are in excess of 1.00 for all -regression equations.

This is the result 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. Hi~h values of FEV1/PFEV
1

result, in part, from an extrapolated

origin of expiration (c.f. Table 39). The values for tftfF/PMMF, FEF
SO

/­

PFEF50' and FEF7S/PFE:F75 are less than 1. 00 for the prediction equa­

tions of Cherniak and Knudson. This is the result of their use of the

maximum flow value obtained in any effort rather than the flm" in the

effort with maximum FVC. It is generally found that lO\>;>er flow rates

are obtained during the achievement of a maximal YVC. The Morris,

Koski and Johnson equations would appear to give the best comparison

for FVC
1

and ill1F because a large proportion of their population was

above age 30, only nonsmokers \',ere 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. Because only three individuDls were under age 30, only

the linear dependence on age could be established.

PHYSICAL EX.4~!INATION RESULTS

Table 42 hsts the number and p~rce.ntage of abnormalities found on phy-

sical examination ~ccording 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

Morris et a1.
'Hiller et a1.
Cherniak & Raber
Knudson et a1.
Ferris et a1.
Kory et al.
Bass
Higgens & Keller

Morris et al.
Miller et al.
Cherniak & Raber
Knudson & Keller
Ferris et a1.
Kory et a1.
Higgens & Keller

Morris et al.
Miller et aL
Cherniak & Raber
Knudson et al.
Higgens & Keller

Cherniak & Raber
Knudson et al.
Higgens & Keller
l-1ichigan

Cherniak & Raber
Knudson et al.
Hichigan

xHt.(in.)

FVC

0.148
0.147
0.12102
0.1651
0.11684
0.13208
0.159
0.15748

FEVJ

0.092
0.094
0.09107
0.13208
0.07366
0.09398
0.11684

MMF

0.047
0.044
0.05948
0.1143
0.05588

FEFSO

0.06526
0.069
0.0635
0.10255

FEF75

0.0903
0.044
0.0497

x Age (yrs.)

-0.025
-0.026
-0.01357
-0.029
-0.027
-0 .022
-0.023
-0.024

-0.032
-0.032
-0.0232
-0.027 '
-0.028
-0.028
-0.028

-0.045
-0.046
-0.037
-0.031
-0.044

-0.03049
-0.015
-0.037
-0.0252

-0.01987
-0.012
-0.02895

Constant

-4.241
-4.053
-3.18373
-5.459
-2.79
-3.60
-5.72
-5.38

-1. 260
-1. 426
-1.50723
-4.203
-0.70
-1.59
-3.18

+2.513
+2.806
+2.61187
-1. 864
+1.89

+2.40337
-5.4
+1.577
-1.1121

+2.72554
-4.143

0.03562



Table 40

Lhe ratios of the means of observed to predicted values fer
§'pj.ro..!!.~t:t;i.f...J1£1xamet~_ accorj.ing_~r!?.Bression· ,;

e~u~tioris d~t~imiri~d intenstudi~s

FVC/PFVC .. FEVI/PFEVI MMF/PMMF FEF52/ PFEF50
FEF75 /PFEF

75
Study (x100) (x100) (xlOO) (x 00) (xlOO)

Morris et al. 101. 7 ±: 1.1 110.0 ± 1. 2 107.3 ± 2.6

Hiller e t al- 100.2 ± 1.1 111.1 ± 1. 2 106.0 ± 2.6

Cherniak & Raber 105.3 ±'1.1 104.8 ± 1.1 76.3 ± 1.8 87.3 ± 2.0 66.6 ± 2.2

Knudson et a1· 108.9 ± 1. L 109.7 ± 1.3 85.0 ± 2.1 81. 0 ± 1. 9 53.4 :t1.7

Ferris et a1· 122.7±1.3 128.3 ± 1.4

Kory et al· 108.4 ± 1. 2 109.4 ± 1. 2

llass 119.2 ± 1.4 0'
-...J

Higgens & Keller 113.5 ± 1.3 111. 5 ± 1. 2 106.4 ± 2.6 116.6 ± 2.7

Schoenberg et al· 111. 3 ± 1. 3 111. 2 ± 1. 3 115.3 :!: 2.6 112.5 ± 3.6

Michigan 101.7 ± 2.4 82.5:!:2.7
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Table 41

Prediction equations determined for
various spirometric parameters from
TI3 nonsmoking .,hites1 in this study

Parameters

FVC

FEFSO

FEF
75

Regression equation

0.0136 x Ht. - 0.0267 x Age - 3.29

0.0858 x Ht. - 0.0270 x Age - 0.792

0.0159 x Ht. - 0.0289 x Age + 4.017

- 0.0033 x Ht. - 0.0259 x Age + 6.124

0.0060 x Ht. - 0.019(, x Age + 2.093

0.43

0.43

0.09

0.04

0.12

1 No non-mechanical garage workers are included. However. there
were no other exclusions based on health information~r job.



Table 42

The percentage and numb~r of abnormalities found on
phy~ical~xamination according to job categ~

Organ system No identified Garage Brake Asbestos
examined exposure work ':Jork exposure

Cyanosis/extremities 8.7 (10) 9.6 (12) 6.0 (27) 7.9 (16)

Clubbing 2.7 (3) 3.2 (4) 2.2 (10) 2.1 (!~)

Joints 8.4 (9) 8.1 (9) 8.6 (32) 8.1 (14)

Skin 11. 5 (13) 18.4 (23) 10.0 (45) 13.1 (26)

Eyes 8.0 (9) 4.0 (5) 5.4 (24) 6.6 (13)

Mouth 7.8 (9) 2.1+ (3) 4.9 (22) 5.0 (10)

Thyroid 0.0 (0) 1.6 (2) 0.0 (0)- 0.5 (1)

Lymphatics 11.2 (12) 0.0 (0) 2.3 (10) 1. 6 (3) CJ'\

'"
Chest 18.3 (21) 20.2 (25) 19.5 (87) 18.7 (38)

Dry ra1es 2.9 (6) 4.8 (6) 5.8 (26) \4.4 (10)

Cardiac 17.3 (18) 9.3 (10) 9.9 (37) 12.4 (23)

Gastrointestina11 11.5 (9) 24.2 (8) 9.5 (11) 8.3 (8)

lmy abnormali ty 37.4 (43) 46.8 (59) 56.4 (257) 52.0 (106)

lAbdominal palpation was not done on all individuals.

( ) = Number of individuals 1-7i th abnormality.
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circumstance in which a statistically significant greater percentage of

abnormalities is found is for abnormal lymph glands among the popu­

lation serving as an unexposed control. With the number of subcate­

gories established in Table 42, such a finding would be expected on the

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

Table 43 shows the number and percentage of individuals with rales or

finger clubbing according to their X-ray reading. A greater percentage

of individuals "lith abnormal X-rays have dry rales than do individuals

with normal X-rays. The numbers, however, are so small that the data

do not achieve significance. There Has no correlation of finger club­

bing with X-ray findings. Overall, rales were observed in 4.8% of the

entire study group and clubbing in 2.6% compared to 25.2% with abr::ormal

X-rays [or 13.1% if more stringent X-ray reading criteria were utilized

(c.f. Table 11)). Thus, in contrast to earlier data from Great Britain

(British Occupational Hygiene Committee, 1968), it would appear that

the presence of X-ray abnormalities is a considerably more sensitive

parameter than rales (or restrictive pulmonary function deficits) for

the categorization of asbestos disease. This has also been seen in

several other asbestos-exposed groups, including shipyard ,,'orkers (to

be published) and chemical or oil refinery maintenance employees (Lilis

et a1., 1980).

Data for the blood pressures are shown in Table 44 according to age,

job category, 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

heing greater for blacks than Hhites. The analyses of the age stand-·

ardized blood pressures according to smoking history or job category

are shown in Table l}S. \-lhite cigarette ~mokers appear to have sOlne....'lJat

lower blood pressures, but this could be artifactual as it is not

reflected in blacks. No significant differences are seen in the analy­

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

accordinR-~~-~ay 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'

* The cases with both rales and clubbing are included
in the separate categories as well.



Table 44

The systolic and diastolic blood Rressures
by race and age

Race

Age White Black Hispanic

Systolic pressure

20 - 29 123.4 ± 3.8 (13) 137.0 ± 3.0 (2) 120.0 (1)
30 - 39 126.6 ± 1..9 (67) 131.3 ± 2.5 (23) 123.2 ± 2.6 (6)
LfO - 1.9 128.0 ± 1.4 (143) 134.0 ± 3.3 (28) 123.4 ± 5.1 (10)
50 - 59 136.8 ± 1.1 (283) 142.7 ± 2.7 (41) 143.4 ± 6.1 (12)
60 - 69 142.9 ± 1.6 (170) 155.4 ± 4.0 (28) 146.7 ±12.0 (3)
70+ 152.2 ± 5.0 (13) 166.5 ± 6.8 (12)
Age
standardized 135.4 ± 0.6 143.2 ± 1.6 133.7 ± 3.9

Diastolic pressure

20 - 29 76.2 ± 1.8 (13) 75.5 ± 9 .5 (2) 75.0 (1)
30 - 39 81.3 ± 1.0 (67) 83.6 ± 2.0 (23) 83.5 ± 5.2 (6) -...J

N

LfO - 49 83.1 ± 0.8 (143) 85.3 ±. 2.6 (28) 79.8 ± 2;2 (10)
50 - 59 85.6 ± 0.6 (283) 90.4 ± 1. 7 (41) 39.1 ± 2.1 (12)
60 - 69 85.8 ± 0.8 (170) 93.3 ± 2.2 (28) 81.3 ± 5.9 (3)
70+ 89.3 ± 2.1 (13) 93.5 ± 5.0 (12)
Age
standardized 34.6 ± 0.4 89.0 ± 1.1 8L}.4 ± 1. 8
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Table 45

Age standardized systolic and diastolic
5lood prc~s~~ures according to rac~

smokIng-history, and job categorv

Race

Smoking hi_s tory

Smokers

Ex-smokers

NonsIi,okers

I-mite Black

Systolic

131.5 ± 1.3 140.8 ± 3.3

137.3 ± 1.0 143.4 ± 2.2

135.6 ± 1.4 141. 7 ± 3.8

DiastoJ ic

Smokers 82.9 -I- 0.8 88.5 ± 2.1

Ex-smokers 85.3 -1- 0.6 90.0 ± 1.6

Nonsmokers 84.8 ± 0.7 86.3 ± 2.3

Job category Hhite Black

Systolic

No identified exposure 140~ 1 ± 2.5 _150.4- ± 5.3

Garage \wrk but
no brakes _ 1%.1 ± 2.7 139.4 + 4.0

Brake work 134.5 ± 1.0 140.5 ± 2.7

Asbestos exposure 135.5 ± 1.4 149.6 ± 5.2

Diastolic

No identified exposure 85.1 ± 1.2 89.9 ± 3.6

Garage work but
no brakes 85.5 ± 1.3 87.8 ± 1.5

Brake v.'Ork 84.4 ± 0.6 87.0 ± 1.9

Asbesto~ exposure 84.4 ± 0.6 94.9 ± 2.4
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LABORATORY FINDINGS

The data on the blood analyses (GBC and SUA) 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 ant.igen (CEA). They show no find­

ings suggestive of neoplasia, most values are within the normal range.

Further, there is no difference in t.be distributi.on of either parameter

for the different job categories.

tIRe PJ~SPIRATOP,Y SYMPTmlS

The principal results of the respiratory symptoms questionnaire are

shown in Tables 51, 52 and 53. Tables 51 and 52 shOvJ t.he expected

correlation with cigarett.e smoking. In Table 53, the smoking stand­

ardized percentages of chronic bronchitis and shortness of breath

categories arc listed for different job categories.

NICKEL CONCENTRATIONS IN \v"'ELDERS

As part of a study to assess effects on welders, plasma nickel concen­

trations were measured in twelve welders in the control group engaged

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

and indicate that the particular group within this study had higher

nickel concentrations than a group of 62 welders in a large shipyard

and ten times the concentration of hospital cont_rols. \<!hile no physio­

logical effects can be associated with such concentrations, the toxic

and potentially carcinogenic effects of nickel would suggest identifi­

cation of th'.; exposure source and imp1 emenL? tion of aba1~cmc:nt measures.
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Tahle 46

The distribution of blood count values
teBt A1121ysis)

P~nge (See headings
for concentration unit)

Individuals within range
Number Percentage

< 3.00 1
3.00 - 4.99 70
5.00 - 6.99 342
7.00 - 8.99 308
9.00 -10.99 124

>11.00 39

Hhite blood cell c.ount (thousands) J3.9-11.3J

0.1
7.9

38.7
34.9
14.0

3.1

< 4.25
4.25 - 4.74
4.75 - 5.24
5.25 - 5.74
5.75 - 6.24

> 6.25

Red blood cell count (millions) 14.3-6.3J

5 2.0
l30 14.7
462 52.3
228 25.8

34 3.8
12 1.4

<13.0
13.0 - 13.9
14. a - 14.9
15.0 - 15.9
16.0 - 16.9
17.0 - 17.9

> 18.0

(37.5
37.5 -39.9
40.0 -42.4
42.5 -4/f.9
45.0 -47.4
47.5 -49.9
50.0 -52. L1

>52.5

Hemoglobin (~n/dl)

12
54

237
335
186

54
6

Hematocrit (percent)

4
13
92

245
308
154

53
15

I 12 . 9-18 . 2J
1.4
6.1

26.8
37.9
21.0
6.1
0.7

138.9-54.9J

0.5
1.4

10.4
27.7
34.8
17.4

6.0
1.7

I ] = Laboratorv normal range
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Table 47

The distribution of concentrations of
various bJood COffiDonents . (SHA Analvsis)

Range
(See headings for

concentration unit)
~ii thin range

Number Percentage

Glucose (mg/dl)

< 80
80 - 99

100 - 119
120 - 139
140 - 159

> 160

[65-125}

46
415
294

61
25
47

5.0
46.8
33.2

6.9
2.8
3.5

Urea-ni trogen (ng/dl) [8-25 J

< 10
10 - 14
15 - 19
20 -- 24

> 25

44
250
420
150

22

5.0
28.2
47.4
16.9

2.5

Creatinine (:mg/d1) [0.7-1.5]

< 0.80 5 0.6
0.80 - 0.99 113 12.8
1.00 - 1.19 339 38./~

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

> 1/,8 98 11.1-

Potassium (meg /L) [3.5-5.0]

< 3.00 5 0.6
3.00 - 3.49 38 4.3
3.50 - 3.99 222 25.2
l; .00 - 4.49 451 39.8
4.50 - 4.99 209 23.7

> 5.00 56 6.2



Table 47 (conti~~ed-2)

Range
(See headings for

concentration unit)
Hit.hin range

Number Percentage

Chloride (meg/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 (meg/L) [24-32J

< 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 (mg/dl-l- [3.5-9.0J

< 4.0 24 2.7
4.0 - 5.9 376 42.11
6.0 - 7.9 392 4[1.2
8.0 ..:. 9.9 88 9.9

> 10.0 6 0.8-

Calcium (mg/dl) [8.5-10.5J

< 9.0
9.0 - 9.9

10.0 10.9
> 11.0

16
510
340

17

1.8
57.8
38.5
1.9

Inorganic phosphate (mg/dl) 12.0-4.5J

< 2.00
2.00 - 2.49
2.50 - 2.99
3.00 - 3.49
3.50 - 3.99

> 4.00

16
134
331
280

92
33

1.8
15.1
37.4
31.6
10.4
3.8

Total-Erot~i~S~/dl) [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-



Table 47 (continued-3)

Range
(See headings for
concentration unit)

h'ithin range
Number Percentage

Albumin (g/dl) [3.0-5.5)

3.50 - 3.99
4.00 - 4.49
4.50 - 4.99
5.00 - 5.49

18
439
398

29

2.0
49.7
45.0
3.3

Cholesterol (mg/dl) [140-330J

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

~ 300 24 2.7

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

<: 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-



Table 413

The mean values of blood count parameters and concentrations of
various blood components according ~o job category

No identified Garage employment Definite and
exposure or but no ros s ib1e

!l~O(1d. parr.meter gnrage work brake work Brake work asbestos exposure
---_._._-_._-
Vhile blood count 7.17 :t 0.20 7.14 :t 0.19 7.40 :t 0.09 7.55 :!: 0.14
R(~d blo,)o count 5.00 ± 0.03 5.06 :!: 0.04 5.11, ± 0.02 5.10 :!: 0.03
lier~,{)glob in 15.40 :t 0.09 15.27 ± 0.11 15./15 :t 0.05 15.33 :!: 0.08
'l,~mnt()crit 45.4 :t 0.3 45.7 ± 0.3 1,6.0 ± 0.1 45.3 :!: 0.2
c;lur:(~!~C 104.9 ± 2.2 111. 0 ± 4.4 104.9 ± 1. 8 113.5 ± 3.9
Urea nitrogen 15.1, ± 0.4 15.7 ± 0.5 16.2 ± 0.2 16.5 ± 0.3
Creatinine 1.18 ± 0.01 1.18 ± 0.01 1.15 ± 0.01 1. 13 :t 0.01
Sodium H2.1 ± 0.3 143.5 ± 0.1, 143. I, :t 0.2 142.1 ± 0.2
P()ta~)sjurn 4.24 ± 0.04 4.14 ± 0.05 1,.21 ± 0.02 4.21 :!: 0.04
Chloride 103.6 ± 0.3 105.2 ± 0.4 105.1 ± 0.2 103.7 ± 0.2 --J
C,"rlJon dioxioe 28.1 ± 0.2 28.5 ± 0.3 28.8 ± 0.1 28.7 :!: 0.2 1.0

Uric acJ.d 6.20 ± 0.12 6.1,2 ± 0.14 6.43 :t 0.17 6.10 ± 0.09
C,:l1 ci til] 9.78 ± 0.05 9.90 ± 0.04 9.94 :!: 0.02 9.77 ± 0.03
Inorganic phosphate 2.83 ± 0.05 2.97 :t 0.05 2.95 :!: 0.03 2.89 ± 0.03
ProtE'~n 7.10 ± 0.04 7.39 ± 0.05 7.29 ± 0.02 7.15 ± 0.03
/\lbumln 4.50 :!: 0.02 4.41 ± 0.03 4. 1,7 ± 0.01 L~. 42 :': 0.02
C~11) 1este~ol 217.4 ± 2.8 222.7 ±" 3.6 222.2 ± 1. 9 225.2 ± 2.6
:~ : 1.] .i r uh J ~ 0.58 ± 0.03 0.57 :!: 0.03 0.59 :t 0.01 0.53 ± 0.02
AlkJline phosphatase 72.5 :t 1. 8 83.35 ± 11 .2 30.4 :!: 1. 8 77.3 :!: 2.1
SGPT 19.6 :t 1. 6 19.5 :!: 1. a 21.0 ± 0.7 20.1 :t 0.9
~~COT 23.7 :t 1. a 22.5 :t 1./, 22.3 ± 0.6 20.9 ± 0.6
L3ctnte (h"!hydrogcn:1s~ 168.9 ± 5.6 177.7 :t 3.6 177.9 :t 2.0 171. 9 ± 3.0
Cre:1tl..nc phosphok.lnase 119.0 ± 6.8 133.8 :t 8.6 133.1 ± 4.7 111. 7 :t 4.9



Table 49

The distribution of~utum cytology results and CEl\. concentrations
according to job cate~~

Sputum cY't:ology CEA analysis

(nanogmjml)
Job Category 1 2 3 4 <5 5-9.9 10-14.9 15-19.9

No garage work or 17 22 10 0 107 3
asbestos exposure (39.6) (51. 2) (23.3) (0.0) (97.3) (2.7) (0.0) (0.0)

Garage vlOrk but 24 21 8 2 113 5 1 0
no brakes (43.6) (38.2) (14.6) (3.6) (95.0) (4.2) (0.8) (0.0)

<Xl
Gaogc work with 90 68 39 3 Lf 19 14 1 1 0

brake repair (45.0) (34.0) (19.5) (1. 5) (96.3) (3.2) (0.2) (0.2)

Identified and possible 33 32 20 1 184 6 1 0
asbestos exposure (38.4) (37.2) (23.3) (1. 2) (96.3) (3.1) (0.5) (0.0)

Totals 164 143 77 6 823 28 3 1
(42.0) (36.7) (19.7) (1. 5) (96.3) (3.3) (0.4) (0.1)

( ) =percentages
1. Normal cytology
2. Regular metaplastic cells, no atypia (considered normal)
3. Nild atypia or dysplasia
4. Moderate atypia or dysplasia



Table 50

The distribution of sputum cytology results and CEA concentrations
according to smoking category

Sputum cytology CEA analysis

(nanogm/ml)
Smoking Category 1 2 3 4 <5 5-9.9 10-14.9 15-19.9

Smokers 65 70 40 2 248 16 2 0
(36.7) (39.5) (22.6) (1.1) (93.2) (6.0) (0.8) (0.0)

Ex-smokers 63 49 25 4 359 6 1 1
(44.7) (34.8) (24.8) (2.8) (97.8) (1. 6) (0.3) (0.3)

Nonsmokers 33 27 12 1 215 6 0 0 co
~

(45.2) (34.0) (16.4) (1. 4) (97.3) (2.7) (0.0) (0.0)

Totals 161
(41.0)

146
(37.3)

77
(19.7)

7
(1. 8)

822
(96.3)

28
(3.3)

3
(0.4)

1
(0.1)

( ) =percentages
1. Normal cytology
2. Regular metaplastic cells, no aty~ia (considered normal)
3. l1ild atypia or dysplasia
4. i'Ioderate atypia or dysplasia
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Table 51

The number and percentage of individuals with reported
shortness of FJlc;ath-l:PRC)acc-oroIng to smcJtz:lI1-g-ca-feg"i)-ry

HRe shortness of
breath c::ategory

Smokers

Smoking category

Ex­
smokers

Non­
smokers

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)

\.Jalking \vi th others 10 19 6
of miD age (3.6) (5.3) (2.7)

Halking -~ 0,,"'0 pace 14 11 4G-L

(5.1) (3.1) (1. 8)

Total 274 359 219

( ) percentage
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Table 52

The number 2nd percentage of individuals
reporting symptoms of chronic bronchitis (rille)

according to smot:ing category

Smoking cate~!orV__.___<.r ./ -
Chronic bronchitis Smokers Ex-smokers Non-smokers

Yes 80 34 21
(29.1) (9.5) (9.5)

No 195 325 199
00.9) (90.5) (90.5)

Totals 275 359 220



Table 53

The number and smoking standardarized percentage of individuals
~o~~ing~ptoms of chronic bronchiti? according to work activity

Smoking
standardized

Job Category Smokers Ex~smokers Non-smokers percentage

No garage work or 20/68 12/56 7/28 24.9
asbestos exposure (29.4) (21. 4) (25)

Garage ,.;'ork but 7/36 2/40 2/27 10.2
no brakes (19. LI) (5.0) (7.4)

Garage work with 40/126 20/186 11/118 17.0 CIJ

brake repair (31. 7) (10.8) (9.3) .r:-

Identified and possible 28/69 10/S8 5/50 20.3
asbestos exposure (40.6) (l1. LI) (10.0)

Auto body ,,'crk 5/12 3/15 1/7 25.4
(41.7) (20.0) (14.3)

( ) == percentage



85

Table 54

Nickel concentrations in the plasma of amphibious
vehicle construction welders compared to other groups

Pla~;ma nickel concentrations

No. of
()..lg/liter)

Group individuals Median Range Mean :t SD

Vehicle welders 12 11. 8 5.4 - 14.3 10.8 :t 3.2

Shi_pyard welders 62 2.5 <0.5 - 15.3 3.1 ± 3.3

Hospital controls 15 0.7 <0.5 - 2.6 La ± O. 7
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ASBESTOS EXPOSlffiE DATA

REVIE\v OF PUBLISHED RESULTS

Review of fiber concentration data for brake work

A variety of measurements have been made of asbestos air concentrations

during brake lining 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 exposures to

workers, and short-term sampling to document the concentrations during

various work practices.

The largest set of samples of brake maintenance work is that obtained

by NIOSH during the years 1975 through 1976 where 283 samples were

taken in five brake repair facilities, including 152 over a one week

period in one facility, documenting both long-term, time-weighted

average (TWA) exposures and asbestos concentrat.ions in specific brake

repair activities (NIOSH, 1972-1976). Unfortunately, no documentation

exists as to the number of brake jobs performed in a facility or by

worlancn during sampling periods or on the work practices ut-ilized

during the repair and maintenance work. Table 55 summarizes the data

on time-weighted exposures, over a sampling period, for men changing

lining material, punching out rivets, riveting linings to shoes, and

working in the parts department. Table 56 lists general area samples

taken during the course of a day. These data demonstrate that, in

general, the long-term asbestos exposures of garage employees are below

0.5 f/ml. Ho\>'C'ver, during the air blowing of drw-ils, punching out of

rivets and riveting asbestos concentrat.ions can be considerably higher.

Further, area samples taken diEtanL from the location of brake repair

show widespread dissemination of airborne asbestos with concentrations

up to 1.3 [Iml found to be present.

More limited data are available fro~ industry sources. In Great Bri-

ed informaCion on bot.lJ long and short.-t.erm sl1iiTling elm'in>; ,;ifier/:nt



Table 55

l.ong-term personal sampling of brake 1inina
repair and maintenance work

Garage Number of Number of sets. Time weighted average asbestos concentration
samples of samples during sampling period

(fibers/ml)
Range Hean

Cl1~mg:lng Lining Matcri.11s

A (1976) 16 5 0.05-1. 68 0.59

B (1976) 71 21 0.01-0.17 0.09

C (1976) 3 1 0.12 0.12

D (1975) 4 1 0.04 0.04

E (1976) 2 2 0.02-0.03 0.03 co
-...J

Riveting

A 14 2 3.71-4.47 4.09
Punching out rivets

A 11 2 .0.95-7.52 4.24

Parts Man

A 1 1 1.21 1.21

B 13 5, 0.03-0.16 0.10

Replacing Lining.Materia1s

F (1972) 2 1 0.2 0.2

From: NIOSH (1975-1976, unpublished data)



Table 56

Long-term area sampling of brake lining
~epair and maintenance work

Garage Number of
samples

Number of sets
of samples

Time weighted average asbestos concentration
during sampling period

(fibers/ml)
Range Hean

General Area Samples

A (1976) 30 6 0.03-1.34 0.57

B (1976) 99 18 0.01-0.17 0.07

c (1976) 4 1 0.04 0.04
0:>
co

D (1975) 7 1 . 0.02 0.02

E (1976) 1 1 0.01· 0.01.

F (1972) 1 2 0.6-0.9 O.B

From: NIOSH (1972-1976, unpublished data)



Table 57

Long-term asbestos fiber concentrations during brake maintenance
s_e,rvice involving air blowing of drum dust

Asbestos concentrations
(fibers /ml)

Sar:1.pling
circumstances

Stat.ic samples
by side of car

Approximate
total snmpling
interval

90

Number of
samples

2

Range.

1.12-1.42

Mean

1. 25

Activities or
com...nents

3 brake
changes done

Static sample[)
by car in dust
cloud

90 2 1. 71-3. 62 2.55 " "

Time weighted average of above two samples

Personal samples
on mechanic
engGged in brake
cleaning

Personal sample

Personal sample

Static nrea
s:mples

480

100

300

180

6

1

1

4

0.38-1.12

7.09

0.08

0.07-0.28

0.68

7.09

0.08

1. 83

0.15

11 vehicles
serviced

truck brake
service
incl~ ~leaning

truck brake
se.rvice. after
cleaning

nearby \vork
bays

C1J
\0

From: Hickish, O. E., and K. L. Knight, Ann. Occup. Hyg. 13, 17-21 (1970)



90

brake repair activities. These are shown in Table 57. The work prac­

tices sampled by Hickish and Knight appeared typical of those of past

years with the drum dust being removed by air -blovJing. During the full

course of brake service air concentrations of from 0.4 to 3.6 f/ml were

found. I10re recent information has been supplied by Raybestos-Manhattall

(Marsh, 1979). These show that during the course of well controlled

brake-repair work with exhaust ventilation utilized asbestos exposures

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

Short-term asbestos concentrations during specifi~ work activities have

been measured by several groups in both automotive and truck servicing.

These are shown in Table 58.

They demonstrate that short-term asbestos concentrations during brake

maintenance work Can be high. However, because they comprise only a

portion of the work involved in brake maintenance, the T\-IA concentra­

tions are generally much lower. Clearly, reduct.ion of these peak expo­

sures by engineering controls or by \-Jork practices can significantly

reduce TWA exposures.

Two set.s of data on the time course of asbestos concentrations exist.

The measurements of total dust by Lee8 indicate that after air blowing

short.-term dust concentrations are high but fall within minutes to

lower values. The data on fiber counts by Roh1 4 indicate that measur­

able concentrat.ions of asbestos persists in the workplace for as long

as 15 minutes after air blowing as far as 75 feet away. These data,

coupled \-lith t.he previous information on asbestos concentrations in

general garnge areas, indicate that a general, low-level background

contamination of asbestos can exist. Lhroughout. a garage \;here brake

repair is conducted.

MEASUHE!l£lrrS IN N.E\·! YORK CITY FACII:ITlES J19Z9)

During 1979) NIOSII made measurement at three Ne\,' York City f.::!cilities

f'mplc·ying \.'orLers \>'110 att.ended examinations in tl:i~; survey. T1H_'se \-h2l"f'

the l:cp.':ir shops of the DepiJrtmcnt.s of S'Hlit.atiou, T;-ansp(Jt~~tioI1 eJ1ld

Poljcc. The rc::u:its cn-e Ehown in TobIe 59. They are sill1:i.Ln to those



Table 58

Summary of asbestos concentrntions during automobile
and truck brake maintenance activities

Short-term samples during specific brake repair activities

Activity Study, Range of concentrations
measured (f/ml)

Number' Eean "concentra­
samp,les "tidn(flinl) ,

Air blmdng
dust from
drums

Brushing of
dust from
c1rJms

Roh1 et aI, 1976
NIOSH, 1972-76
Knight& Hickish,1970

Rohl et al,1976
Marsh, 1979

6.6-29.8
0.45-14.54

87 .
2.1-8.2
1. 3-3. 6

0.02-0.2

4
11

1
8
2

16.0
2.9
87

2.5
0.1

Grinding
linings

good exhaust Har.sh, 1979
poor exhaust Rohl et aI, 1976

Harsh, 1979

Beveling" Rohl et aI, 1976

Riveting Roh1 et aI, 1976

0.02-0.4
1.7-7.0
2.20-14
O. L!-21. 5

23.7-72.0

1. 9-2.0

3
10

4
6
s

2

0.3
3.8
8.3

37.3

1.9

\0
I-'

S,.,reeping· and
cleaning

Rohl et aI, 1976 \ 2.4-'-.3.6 2 3.0' .
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Table 59

Long- a~d short-term sampling of brake lining repair
and maintenance ~ork in New York City garage facilities

Activity
Sampling

time
fiber concentration Cf/ml)

Sample n~A

Department of Sanitation

Brake change
After finishing job
Wet brushing of dust
Area sample
Area' sample

136
190

10
395
390

0.33
0.12
0.54
0.06
0.05

0.21

Department of Transp~~ation

Brake mechanic 1 150 0.15 0.23
196 0.30

Brake mechanic 2 175 0.31 0.28
194 0.26

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 0.36-

0.19
177 0.08

Brake mechanic 3 47 0.03
Dry brushing of dust 12 0.81

21 0.61



93

discussed previously. T\vA exposures during a full brake job averaged

about 0.20 f/ml. During either wet or dry brushing of brake dust

concentrations could exceed 2 f/ml.

EST]MATES OF STffi)Y POPULATION EXPOSURE

T\>lA exposures during automobile brake maintenance ranged generally be­

tween 0.2 to 0.7 f/ml if brushing or air blowing of brake dust occurred.

Prior to 1950 I riveted brake linings were used and some~vhat higher

concentrations may have occurred. Table 60 lists the distribution of

brake jobs per week done by U.A.W. Local 259 members. The average is

about one every two days for those who do brake work. If the exposure

during the 1-2 hours required for a job is 1 f/ml, an approximate TvlA

exposure Hould be 1 flml 0.5/16) or about 0.1 f/ml. General garage

exposure from other jobs would add slightly to this, hut the upper

limit of the average e>.lJosure for the commercial garage mechanics

examined in this study would be 0.2 f/ml. For the S.E.I.U. Local 246,

mechanics employed by the City, higher average exposures ",'ould have

occurred from the riveting, drilling and grinding that ",as done on

large truck brake assemblies. However, these high exposure work acti­

vities would only require a few minutes of work. As with commercial

garage workers, few City employees worked on a br8ke job as often as

daily. Thus, even with the intermitt.ently higher exposures experienced

by S.E. I. U. members, the average exposure for the group over time is

unlikely to exceed 0.5 f/ml.

SUMl'lARY

The clinical examination of gar.age employees engaged in the repair and

maiutenance of vehicles indicate the followiug results:

1. A greater rrev31er..ce of X-ray abnormalities i:-.; founG iiillOng garage

mechanics Fha repaired brakes than among blll(~ collar controls or

garage worlceJ~'s who do not engage in brake or aut.o body work. The

age ;;l.and,'rdized pCl"centa;:.;c of abnormalities is ~3il;llificZ!Iltly

gt'e8lcr (P<O. (5) in tho,;c' ,,)ith 30 or more years of emplo)'lj;Cnt.



Tnble.60

Distribution of frequency of brnkcwork
in U. A. W. Local 259 shops from

rersonal estimates

Number of brake jobs
done

l/day or more

1-4/week

1 -5/month

less than l/month

no brnke work
'(engine mechanics, parts
personnel, etc.)

Totals

Number of
men

24

71

27

4

46

172

Percentage of
men

14

41

16

2

27

100'
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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

flml was not statistically significant while a significant excess

is seen in. \\'orkers \\'ho 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.

2. The prevalence of X-ray abnormalities among workers in auto body

shops WClS particularly high and, although the number of such in­

dividuals ,,'as limited, also achieved a level of significance at

P<O.05. The higher percentage of abnormalities in this group can

be attributed to the past sanding of auto body fillers containing

asbestos.

3. Individuals \07110 had previous employment in shipyards, averaging

five years in duration, also had a greater percentage of abnormal

X-rays. The percentage age standardized percentage was signifi-

cantly greater in those \\'hose shipyard employment began 30 or more

years previously.

4. The pulmonary function results of garage mechanics engaged in

brake work are no different from non-garage workers and other

general population controls. As the major spirometric tests are

less sensitive measures of asbestos exposure than X-rays, this

finding is in accord with the loY, exposures of the groups under

study.

5. Car jockeys, new vehicle preparation men and auto body shop work­

ers have significantly reduced pulmonary function tests (FVC 1 ,

FEV
1

, and HUF) compared to othergarcge workers and general popu­

lation controls.

The auto body shop cnployees had exposure to asbestos and a var­

iety of E~01vcnts. The causal exposure among the car jockey-vehicle

preparation men is uncertain.

should be investigated.

The role of automohilc exhaust
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6. 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.

7. No unusual physical examination of laboratory findings were iden­

tified. As in other studies, a high prevalence of h)Tertension

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

category.

8. A small group of welders ~~n amphibious vehicle construction sho'ived

significantly elevated plasma concentrations of nickel.
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APPENDIX I
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~aiDe:

P.:ldress:
Street

G~7age Faeility:

~;a:.:!e of Pr.ys5.d.an (optional)

Address:

Date:

City

Datc of Birth:

Union
Local fJ:

State

"Age

URDrr::

ZIP

Sex

llbumin ------
Protein ------

MOUN, SINAI SCHOOL OF MEDICINE OF ,Hi.::. Ci,"Y UNI\'ERS:-:-Y OF NC:Vv YOF;;,
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RESPIF~TORY Ql~STIO~~,AIRE

"PJ,:r o=m I
Las"t '----------""'r=-l,.-·-rs-'t------:M,.,...,.i""'d""'ci'""l.....c

initial

I al:\ now going to liS I: you ~orne quest:'on~. cainly .. bout yo:.:r c!:est. I .:oul:::
like you to answer "ITs" or "NO" ..'henever possible.

COL"G:H

Do you u:,;u&lly cough :!i::-st thing in the mornillf; (on getting up+)?
Count a. cough With fir9t smoke or on tirst going Ollt of doors.
Exclude cle~ring tbroat or a single cough. 1 - No 2 - Yes

2. Do you usually COt1[~ durir,rr the day (or at night.. )'?

lEnore an occasional cough. 1 - No 2 - Yes

3. It yes: Do you cough like this on cost days
(or nights) tor as cuch as three months each ye~r?

.1 - No 2 - Yes

Have you been coughing like this:
(1) less tr..an bl"o years
(2) - core tr2r. ~o years

Do you usually bring up any phlegm frot:! your chest first U.it;g in the
corning (on getting up*)?

Count ?hlcgm with tirst smoke or on tirst going out ot doors.
E~clude phle~ from the nose.
Counc swalloqed ph1ego. 1 - No 2 - Yes

5. Do you usually bring up cny phle~ trom your chest curing the da.y
(or at night+)7 1 - No 2 - Yes

6·. If yes: Do you bring up phlegc like this on most days
(or nighcs+) tor as ouch as three months ellch year?

I - No 2 - Yes

Ha'..re you
(1)
(2)

done so for:
less than two ye~rs

llJore than "0 yt!aTs 18

~:: your SPU~~D or phl~~?

...hitish
- yello~ and/or g~e':)n

- grey and/or b1ac~

- brown

That eolor
(1 )
(2)

(3)

(4)



- "i:1ter
- all year

~
~

(1) ­

(2)
(3)

(4 )

(5)

I~ your cough and/or phlegT.1 production rel::l1:ed to any season?
spring
SU!:ll!ler
tall

roES THE PHYSICLJ.X TEn....: TH.~T ThE PATH:;r FUI..FILLS Tn:t: C?ITL.~lA FOR
C:~OKIC EROXCHITlS?

(l) - ;';0

(2) - Yes
(3) - Can't specify

I 21 I

of (i~crE2sed) cough
1 - ~o 2 - Yes

1 - ~0

'.

8,

9.

In the past three years have you had a peric~

phlegm lasting for three weeks or more?

Have you had !:lore than one such perio~?

F.~vc you ever coughed up blood? 1 :\0

2 - Ye5

2 - Yes

2 nd

l~j-?21
! l~., /'
L-.!-~ ..J

i I 2~ !
If yes:

(1)
(2)
(3)

(4 )

(5)

bow often?
- only occasionally
- only occasionally with a severe cold
- sputum streaked with blood (frequently)
- he!lJorrhage
- other (specify other)

I"l -0; 1_ -"..' I

10. Was this in the past year? 1 - !'Io 2 - YeS

EREATH1.ES S ~rr:S S

11. Are you troubled by shortness of breath when hurrying on
1 - 1'0

le\~e1 g:--ou ;-lc?

2 - Yes

12. Do you get short of breath walking with other people of your o~n 2ge~

1 - No 2 - Yes I, I., - I
-l~

13. Do you have to stop for breath when walking at your own pace
on level ground? 1 -?to 2 - Yes I i 29 !

WJiEEZ I XC

11. Does you chest ever sound ~heezing or whistlinZ?
I - ~o 2 - Yes

15. !.~~,: Do you get this 00s1:17 dl:::-ing t:JC c::y or :I:cstly
a~ ni~ht. or both? 1 - Days 2 - ~i~t~s 3 - 5oi:h

ri--l
U "'Iv l .

16. Have you ever had attacks of shortness cif breath ~i:h wheezing?
1 - 1{0 2 - Yes
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Use of air hosc~ to blo~ out brake shoes:

h~ich years done

Do/did you bevel or ~achine shoes?

Which years done

What. current dust re!Coval practice is used during brake or
clutch jobs at your garage?

~nen did this begin?

~nat was Gone before?

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

Describe:

RES?IRATORS: 1- Do you wear a respirato,.-?
1 No 2 = Yes

2. What type is it, mainly:
1 - Filter
2 Cartridge
3 Air Supply

3. Do you wear it usually?
1 - Usually
2 - Occasionally
3 - Infrequently

IITGIE~IE: 1- Do you eat at your work site:
1 - No 2 - Yes

2. Do you smoke at your work site?
1 - No 2 - Yes 3 - NC!1smoker

/70 I

CT15l

2 -

3.

4.

5.

Do you change your clothes before going home?
1 No 2 - Yes

Does your employer furni.sh "'ork clothes and
launder them?

1 - ~o 2 - Yes

h -a~e locl'er" for street 8I!QDo you ave sepa~ ~ ,.-
\Jork clothes?

1 - No

17(, I

6. Do you £ho~eT be~o~~ ~Gi~g ho~e?

1 - :;0 2 - Y€s C L'7{]



17. If yes:
attacks?

Ish,as your breathing absolutely normal between
1 - ~o 2 - Yes

18. Does the ~eather affect your chest?
Only record "YES" if adverse weather definitely and Tegularly .
causes cbest syI:;pto::;s.

19.

NASAL C·\TARRH

If yes; Does the weather oake you short of breath?

Type of weather (1) - heat

(2) - cold

(3) - da:::pness

(4) dryness

(5) - any extreme

I , 36

137
I 38

I 39

I 40

20. ~o you usually h~ve a stuffy nose or caterrBh at the back of your
nose in the \tinter? 1 - No 2 - YeS

21. Do you have this in the sUffimer?

PHYSICL~N C01,l!>l~'T: Nisal catarrh: 0) bas no :r-elation to ch~st condi tioo
(2) aggrzvatcs coubh and p~leg;J proGuc­

tion from chest, as described above.
(3) is ~ cp.use of cougr, a:ld p;;]e;;:r.
(4) is a separate entity - no cou~b and

phle~n' are produced by patient.
(5) cannot be specUi ed

CHEST ILWESSES

22. During the past three years have. you had any chest illness whicb h=s
kept you iron your usual activities for as much as a week?

23. If yes: Did you bring up more phleem than usual in any of
these illnesses?

24. How many illnesses like this have you had in the past
three years?

25. Do you have a heart condition for which you Bre under a doctor's care?
1 - No 2 - Yes

If "1'1:5" specify condi tions and drug therapy



TO?ACCO S,:OKING

26. Do you now s~oke ciGarettes?

27. Ii "~O": Have you ever smoked cigarettes? 1 - ~o 2 - Ye~

28~ How old were you ~hen you ~tarted ~rnoking re~ularly?

29. Ho~ old were you when you last gave up smoking cigarettes?

year~.

List year oerson last stopped smoking.

I I 50 I

I I
30. Ho~ much do/did you smoke on the average?

32. Wh~t do/did you mostly s~oke?

D
I

, 56 I
58 I

33.

Type (1) - filter
(2) - non-filter

Size (1) - regular
(2 - king size
(3) - 100 milli~eter

·Do you smoke ~ ?ipe?

If "NO": Have you ever sp.oked a pipe?

1 - ~o

1 - No

2 - YE'S

:2 - Yes

LL60J
!l7J
rT~
I.-....!-

36. Do yeu smoke cig:lrs? 1 - No 2 - Yes

37. If "NO": Rave you ever sooked ci gars? 1 - No 2 - Ye~

38. How many cigars a day/co/did you s:noke?

How many pipefuls a day do/did you smoke?35.

39. Do you chew tobacco? 1 - Ko 2 - 'Yes

o
I



1.~_O

ID Is I

AGE

DATE OF BI RTH I III I

'. '. '\ '.a.:;-;: exa!::lined by a physician? (month & year)

,.).i: '<cute illness (not hospitalized, 'other than trauma)

.~. ~CUt0 illness (hospi tz.lized, other than trauma)

~_ ~raurna (not hospitali~ed)

~. ~rauna (hospitalized)

3. folloh-u~, acute illness

I;. :collow-up, chronic illness

7. routine check-up

8. o~cupational surveillance program (exam, supplied by e=ployer)

8. pre-e~ploY!::lent physic~l

your last chest Yo-ray?

month year

_LJ_---...Jc=IEJ PHYSICIAN: Code 0001
if never bad
chest x-ray

does n 't knowabnormal 32normalResul t: 1

H2ve you ever been hospitalized? 1. No I~
2. Yes

Describe below

HOSPITAL

::0:: P:;-;':;~CJAt;: Have release for.::s been sij;r:ed? 1 No 2 Yes 28



1.:"-01.

EZ·~·e you E:\-er beer. told by 3. coctor tha~ you r.ad any of ~l:e follc."\"lng cc.nditions?

C::.~c:o-V::'sc'.llar

01. H~art mur::::.1r

02. A;-;gina

03. Heart Attack

04. Anv othe= heart condition for ~tich you .
are under the care of a doctor? (specify)

05. Hi~h blood pressure

05. Claudication

Pu 1!:1 0 n:3. ry

07. Pneu;:lonia

os. Pleurisy

09. Astr.;:;a

10. Eronc~itis

11. E:::physeTi'ia

12. Bronchiectasis

13. ?ul~onary tuberculosis

14. Silicosis

15. As~estosis

16. Other Pub=or-ary (specify)

Gast~aintestinal

17. Gastric ulcer - told by M.D.

lB. - UGIS

33. Vlcera~i\e colitis

34. D1.~:e!'"tic:..llitis

35. Other GI (speci fy)

Genitou~ina.ry

36. ::\ephri t1 s

'37. Kidney disease (indicate type)

38. UTi na ry i-nf eC1:i on

39. Kidney stones

40. Prostate enlargerr.ent

41. Blood in urin-e (not caused by abo~'e)

42. Protein in urine (not caused bv abOVE
condi tio~,s)

43. Other genitourinary

Skin

44.. Psoriasis

45. Eczema

46. Other skin (specify)
Blood
47. Acute Anemia
4B. Chronic Ane~ia

49. Low white blood count

50. Problems with blood clotting
or bleeding

20. Duodenal ulcer - told by M.D.

21. - UGrS

29. ~iver disease

27. Jaundice

25. Gall blndder disease

23. Bleedin~ from ulcer

24. Other GI bleeding

25. Hiatus hernia

26. Hepati'ti s

19.

22.

- He:norrhage

He~orr::'age

51. Si c~le cell

52. Thalessemil!

53. Other Blood (speci:y)

Eye

54. Require glaSSES

55. Glauco:::a

56. Cata r::!cts

57. Weak'or lazy eye

58. Optic neuritis

59. Other Eye (specify)

Ea~, Nose ~nd Thro~t

30. ~~12rged liver

:n. Cirrhosis - alcoholic

- Other

60. Chronic S:nusitis

61. Irr:pc.ired he2.ri r".f;

62. ~asal a ller-gics



6'"~. Kasal polyps

64. L::.rynt;e:J.l polyps

65. Tonsilecto~y

66. at he r L"i (speci fy)

67. SelZlJre disorder

68. StroKe

-0 ~':i::roi c r::ise2.~t? or goit£rI ~.

80. Diabetes

8l. Gout

82. Kight ~7E2.tS

83. Fever

84. Other (spec::':;'y)

69. Parkinson's Disease Cancer

70. Psychia tri c illness

71. Other Kervous (specify)

11usculoskcleta 1

72. RheUmatoid arthritis

73. Other arthritis

74. Back injury

75. Degenerative disc disease

76. Yes: Keurologic involvement?

77. Bone lesions

78. Other 1,lusculosl:eletc.l (speci fy;

8S~ Skin

86. Throa t

87. Lung

88. StOr:,3 ch

89. Bo,rel

90. Rectur.;

9l. Pl"OS to, te

92. f;rea5t

93. C<:n"ix

94.• Ut<:rine

95. Other CA (spec::' f:;)

IAIBICiD A,B = condition numb~r c,n = year diagnosed

Currently inactive ~

Acti~e, not under
physician's care

ActiVQ) under care
of :"~YS1::..,'c..::..:.]::..,.2::..,.D:.:.. _

• Col 1-5 as above; punch E in col 6 "'''Col. 1-5 as above; ?clnch n in col. 6

I I i:<3

----------

!! 127 I
'----'----'--......;..-~

I r;I
i I I 135 jn 1_-\,_...:..:1:;:..:'9:-

Ll~ 143:
CiT! 1471
j ~-5_i
l ! I : ! 1!

147
51

IS5

59

I 63

I 6~'-' h~
I hs

I L -
~

I

-rl III

7 : *

I I I !ll
,, I

I i I 11S i
I' I i I . \Is!

I I ! I
123

I I I

- 127

139
._-;---~-i4 3 !

-----'-----'--'----'

Other



A:-COP.OL 1.~~.3
approx. 10 shots = 1 ?int

1. Type

1. Beer

2. Wine

3. I'thisky

QU:lntity

___________________cans/~eek

_________________qua rt s / .... c € ,;

pints/week--------

1.
2.
3.

4.

r
oJ.

6.
7.

no alcohol intake
< 6 cans: < 1 ~:.: < 1/2 pint
6-24 cans: 1-4 ~uaTts

1'/2-2 pints/.... ee;;
> 24 C2ns: > 4 quar~s;

> 2 pi ;1ts /week .
ex-alcoholic < 1 year
ex-alcoholic 1-5 ye~rs

ex-alcoholic > ~iv~ yeaTS

55

01 - Diuretics (water pills)
02 Eif"h Blood Pressure cees (otb~r)

03 - Ni:ror.lyccrine
04 - Di/;italis
05 - Otje~ cardiac
06 - An:il:yperlipideI:lics
07 . Anticoagulants (blood thinner)
08 - T3 ~edicat10n

09 - Lon;;--tern antibiotics
10 - Short-tern antibiotics
11 - Steroids - oral
12 - Steroids - topical
13 - 3ro~c~o-dilators

14 - In~~Li.n

15 - Or~: diabetes ~ecs

16 - Thy"oid meds
17 - GOut ~cdication

18 - T= ~.qui lizers
19 - Anti-depressants
20 - Anti.-psycbotics
21 - Slc~?ing pills daily
22 - Ezve you e7er had radiotherapy?
23 - A~ti-convu1sanLs

24 - A~~i-i~fla~atories

2S - L2~;a ti yes

16 - Ancihisti~ines

27 - DecO~Restants

28 - ) .. n.alg~~ics
29 - ,\r:1:acic:::
30 - Other (~peciiy)

1
2

Not taking any ~ecic"tion l--~I
Cur~cn:ly ta~~~g ~ec:c2~~on

List medications c~~r~ntly

being taker., by nurr;ber

--
! 61..j

63 I
65

I 67

I I
69 I

I 71

I 73

I 75

I i7

79



PHYSICAL ~~INATION

Regularity

rate/ill 2 31

I-male ~(
Sex 2 _ feffialel~

Pulse:

Number~
Middle
initial

weighOIB

":"f

I normal

2

3

irregular

other

pele

other,

5

6

ob:"-:f3e

·····.·'''·r·.- I hxl'.. ~:'-'V""'-"•••••••••••••••••••••••••••••••••••••••••••••••••,.~

~~ 1 developed, well nourished 4 appears chronically ill

2

2. '" absent

i ( ,
~ , , ,, ", , , I 29 I

'-'--'2 = lips, tongue 3 = fingers, toes

(normel = 1, other

I = No

2); characterize

Yes

2 = Yes

2No1a~klE e~e!7la

I norwal
2 = abnormal

Lr!J.

If abnormal:

Joint code: 1 PIP
2 DIP
3 Wrist
4 '" Elbow
5 ShcuJder

6 Knee
7 k'1kle
8 Hore than 3

9 other

joint description

I I i I i34 I

/-, i-I 137
1_

i--ll.-Li~
CL?:''':l-':'p:.ive coeie: 1

2
3
4
5
6

s·~·ellin£

ru.ir.ess, hea t

deiorrdty
crepitations
associated with hx of traw~a

other



- ;.; -

SKIN ••. , .•••••.••.•••••.••..•.••.•...•.•.•.••.•••••...••••••••••••••.•

1 =-norcal
2 = abnormality present

If abnormal:

1 seborria

2 acne ~~lgaris

3 psoriasis

4 other (describe)

EYES

Pupils (l=non::.al, 2=abnormal) (Speci fy _

Sclera icteric (l=No, 2=Yes)·····································

Conjunctiva (l=no~al, 2=injected, 3=pale, 4=other ••••..•.•••••.

Describe "other":----------------------

~
6

47

48

MOlJ""I'n (l=nor=al, 2q;ingi val abnormali ty 3=other)' ••••••••••••••• '.' • • .• ~
Describe "other":---------------------

THYROID

1
2

normal
enlarged

3 = nodUlar

LYMPH.~DENOPATHY (l ist locations)

I
2 =
3 =
4-=

normal
cervical
supraclavicular
aXillary

5
6
7

inguinal
more than 3 sites
other

CIIEST INSPECTION ••••••••••••••••••••••••••••••••••.••••••••••••••••••• Dii]
1 = normal
2 dullness, right
3 dullness, left
4 increased AP diameter
5 flaring of cestal margins



- [BS
CHEST PERCUSSION ••• : ••••••••••••••••••••••••••••••••••••••••••••••••.

1
2 '"
3
4

normal
dullness, right
dullness, left
hyper-resonant, right

5 hyper-resonant, left
6 '" hyper-resonant, bilateral,bases
7 c other

Describe "other":-----------------------

AUSCULTATION •••••••••••••••••••••••••.••••••••••••••••••••••.•rn:B
1 - normal breath sounds 6 wheezing and/or rhonchi-diffuse
2 decreased - right 7 lenGhtening of respiratory phase
3 decr~ased - left 8 moist rales
4 decreased bilaterally 9 other
5 wheezing ~nd/or rhonchi in a

localized area:

Describe "other" ~ _

RALES •• •••••••••••••••••••••••••••••••••••••••••• : ••••••••••••~
1 '" none 4 '" RMAL 7 LPP~

2 RAAL 5 R-Base 8 L-Base
3 '" RPAL 6 LAAL 0 diffuse (more than 3)

ClL~IAC PALPATION Aft~ PERCUSSION ••••••••••••••••••••••••••••••~
1 normal 4 left ventrical heave
2 heart palpable in epigastrum 5 right ventricular heave
3 '" heart enlarged by percussion 6 '" displaces P.M.I.

RE.ART SOUNDS •••••••••••••••••••••••••. -•••••••••••••••••••••••• rn=B.-
1 normal 4 pI! >A I!
2 murmur 5 S3
3 distant heart sounds 6 other

Describe "other":

ABDOHEN
Inspection: _

Masses: ..:- ...,.- _

Abdominal tenderness to palpation.....•...•..•..•.............~
1 none 5 Peri-umbilical
2 ~G 6 WQ
3 tlQ 7 UQ
4 '" Epigastric 8 other

Describe "other"



.. 70

I 71

73

74

PALPABLE LIVEn (l=not palpable, 2=palpable)

Liver. consistency···············································

l=normal 3=irregular nodular
. 2=incrcased firmness 4=other

Liver tenderness (l=No, 2=Yes) •••••.••....•.•••.•••....•••.•••••

If palpable, span on mid-clavicular line - in cm .............•...

PALPABLE SPLEEN (l=not palpable, 2=palpable ....•.......•••.•......•

If palpable, two dimensions by percussion (cm)

. f0'~
CIGiJ

PALPABLE KIDNEYS (l=not palpable, 2=palpnble, righ t ,.
3=palpable I left)·································

ABD~,IINAL ~u,SSES BY PALP~TION (l=none, 2=p"esent)······ ..•...•...•..

I i 7sl
[J ~91

Location, size and consistency _

h'EUROLOGICAL EXA\:INATION

. Deep tendon reflexes

l=normal
2=hyperactive

Specify abnormality:

3=decrcased
4=abse,nt

ankle o=!iJ*
knee~

biceps~
wrist~

MOTOR ••.•••••••••••••••.•••••••••••••••...•••••....•••••.•....•.•.

l=norn:al
2=decreaspo strength

Indicate muscle group involved: _

3=wrist drop
4=telch-y sign
5=extensor weakness
6=Babinski
7=other

TREMOR·······.··················· •••••••• · ••••.•... · •.••••.•• ·.•·• •

l=none
2=outstretched hands
3=intention
4=face
5=other

I
18i

Describe "other":--------------------

*Col. 1-9 as above; punc~ K in col. 10



Legs (1 - absent,

SENSORY: pin

Arw.s (1

OIRER NLUROLOGIC

1 none

absent, 2 "" present)

2 = present)

rn
rn
OJ

2 = present (describe) ~-------

LL' lr-l
........... "'"' ~.5 ,

C·v~Jt_. • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • . • • . • . I

1 "" Seli:'<.o££
2 J._"1C e::- ~cn
3 D2lli?!

" F:'schbe:'n
5 Eolsre':":-.
6 LiEs
7 Lori::ler
8 Ro:n
9 ROEer==

10 Toc<:.ro
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HUMPu'i RESEARCH CONSE\"T FOR!'-l

I. PROJECT DESCRIPTION

1. Investigation of Health Hazards in Brake Lining Re?air and
Y~intenance Workers Occupationally Exposed to Asbestos
(NIOSE 210-77-0119-0000)

2. Investigators: Irving J. Se1ikoff, M.D. and William J. Nicholson, Ph.D.

3 .. Purpose: To identify any hUlilan health hazards associated "itn
brake repair and maintenance.

II. CONSE1T TO PARTICIPATE

I, , age , hereby voluntarily ~gTee to cooperate
in the above named study and to undergo the tests 1i~;led 1.D Attach:::ent 1-..
Yne study has been discussed with me ana I have been give~ & copy of this
document. I understand that:

1. The procedures and tests to be followed are as stated in
Attachment A; ·no procedures arc exper:i.wcntc..l.

2. Attendant discomforts and risks are as noted in Attacr~ent A ?nd,
except as noted, are minimal a;'.u provision has been w..'l.ce for <iny
necessary medical care, and I have been told ..·hat to do if I have
any reaction.

3. Benefits are as indicated in the Purpose statement above
(Pait I. Item 3).

-'---

4. If alternative procedure advantzgeous to me are availnblc, they
are specified in Attachment A; and if they become aV2ilable during
the project, the proccdrire most advantagei~us for me will be
indicated and used or an explanation will be given to me as to
use of any other procedure.

S. My inquiries ~~11 be answered by the project directors or other
personnel invovled in the project. . (Telephonr~ 2l2-65G--5823)

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

7. My identity and my relationship to any hiformation (1) disclosed
by me in cO::lpleting any project: questionmd.re and (2) reported by
me or deriveC: from me during TJy partic·ipztion in the above na:Jed
project shall be kept confidential and will be disclosed to others
vithout my ..7itten consent except as requir.ed by law and except
that such information ""i11 be used for statistical and research
purposes in such a manner that no individual can be identified.
I understand that if any infol.T.lE:tion i::; found out concerubg roe
that can endanger the health and safety of others, this infor­
mation will be given to the proper authority.

8. If any of my medical records are required [or purposes of this
project:. a separate "'7:i.tten consent for rcll:ase of tlle records
~il1 be requested frOID me.



.i.. V

9. There ~ill be Guestions that I ~ill be askec to ans~cr,

and my inquities concerning the questions will be answered
by:

Dr. Selikoff or Dr. Nicholson 212-650-5823

. 10. A report of any significant informction fro~ the study that
specifically concerns me, including medical information, viII
be furnished by the project officer or his designated
representative to me or to my designated physician(s) upon
completion of the study or earlier if appropriate.

SIGNATVRE
Subject's Name Date

Professor

I hereby give consent for Mount. Sinai School of Medicine to maintain all
records of this examination. They will be completely confidential as above and
information will be released to any physician I designate upon 0)'

~~ittcn request and authorization at any ti@e in the future.

SIGNATURE
Subject' l;ame

I V. REQUEST lu\''D AUTHORIZATION FOR RELEASE OF INFORH..A.TION

Date

I,
the Project
addresses I
named study
DO NOT ~'lSH

_ ' hereby request and authorize
Director to inform the folloy,'ing physici1'ns l-"hose nat"les and
have entered below of any significant findings from the above
concerning me. (DO NOT LEAVE BLANK: \,'RITE "NO" WHERE YOU
TO GIVE A NAHE AND ADDRESS).

1. My personal physician:

Dr.

Street:

City:

State/Zip:

2. Other physician:

Dr.

Street:

City:

Stc:te/Zi?:



ATTACH1'I::NT A

A. Inves~igation of Health Hazards in Brake Lining Repairs and
~.aintenance l.)orke:rs ()cc:;pationally Ex?osed to Asbestos
(NIOSH 210-77-0119-0000)

B. The procedures and tests which involve huoan subjects i~ conduct
of this project are as follo~s:

lllood tests

Urine analysis

Sputum cytology

Chest :-:-ray

Pulmonz,y function tests

Physical examination

E<l.ch of the abo.... e provides impor::znt infcIW4ition f:,r" the e,'aJuaticn
of heG.1th stctllS. Th,:,re is oiner ciiscor;;"::ort associated with the dra"'ing
of blood froID the arm. The sput~ cyt~logy involves coughing up phlegm
from the throat into a container which is provided. TIle pulmc~ar7 function
test involves a maxim~ breathing effort.

c. Rights under the Privacy Act of 1974 Title 5 United States Code,
Sec~ion 552(a)(e)(3)

Toe info~tion required to be given to me under the Privacy Act
of 1974 is as fo1lo~s:

1) Authority for collecting information is the Occupational Saf~ty

-and Health Act of 1970,

2) The p~incipal purpose of this study is as stated in Section I,
Item 3.

3) Routine lIse of this informatic:l is in developing criteria and
programs for a safe and healthy place of employo~nt.

4) I do not have to furnish any infor7~tion I do not ~ish to.
~othing happens to me as a ~p.sul:: of Dy not providi:1."g infor.:;,atio:l,
whether <>.11 or in part of th~t requested, except t~at • :n:y be
te~inated from the project.



Br ake>.'orkers

~ational Historv Asbestos Exposure Code

Work Practice (Pri~aiv Code)

1. Brake work: {Greater than 1 job per 6 months) or garage
procedures which would result in heavy diT~ct eh~OSUTe, e.g.
brake >.'ork,clutch work, or front ene. >.'ork vhich involves
the air blowing of asbestos contair.ing debris.

2. Gar<~gework not directly involving brakes but ",There other
exposure to asbestos could occur in the facility .(i. e. brake
work done elsewhere at the work site).

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

3. Heavy occupational e)~osure (activity would normallY raise
visible dust), e.g. factories, insulation work.

4. Indirect asbestos e;..~osure, e.g. in shipyard work, taping
by painters, construction work near spraying of asbestos or
insulation work, "ark in plumbing and heating trades Idth
asbestos exposure.

5. Low indirect exposures, possible indirect, or ve~y occasional
direct.

Brake Work Codes

Secondary Code
(For 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 Code

o No. grinding or beveling
1 Some grinding or beveling

Sample Entry: 1 B 1
1 C 0
200
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1\ hl'.l!:r ~i"<11 ~'~nd.1rd film i\ prll ... iJt:J
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up 10 abl_'IJ( ~:':'\m IllId al 11',t \/oldt\1 r,lfl d ~ny shAdow.
(1'('r ,1ht'1l1 ~mrn ~rut U("III' ;'1"'('111 1011111' I 1111. l, ,11 lht' ,\il1(";1 p.. r1 nf ,Iny !h~dO'N,

o'a .1bC'tll 1011110 I~lld, III Ill": "'lilt:~t ilJrI hr .. n~' \!;iltb .....

The: l,)\l,t'r limil is 11'1':' thinl 1)1 the :,ih,.;tcd ~,'mlCl.:lrhf:\~n1.

(lr.HI,; o· nlll prr't"/I! f'f ~Jp II' OTH' l~ljrd \,r It'll' knl~!h of tnt i,J: r:!f'!l.\c Il,'rlirr "r l"l.~ui\.llt'n!,

G:;Jdl: I a!>,nc (11)(' t1,lId :tilt! :lp II/ I .... OlhilJ. 1)1 tI,(' :/"ngl!1 or 1:1(' kfll,1rJ',l": I""'!';r or r'illl\'alc:nl.
(iratlr 2 . ahove 1\1,11 Iblrth o.lr"J IIp {.) the "h,,)c h'n£fh /lr lhi lerl ':.trl!11C. bm~"'~ or equi'{3knl.
GraJe ) . ,"orr Ih:Jn ll11: .... 1:0k Ie 1~lh IIi 111( !!'i1I~,HI:i;IC t-Ji'!"'( (If ~':'J \'Jk~lt,

The cale~nry of profusion is h:ucd on lht nscnmtnt or the concentration (proru~ion) or npICil;C\ in the ~rr(cled lone"
The \I.lnJ.ud fllm\ define lht m,J·C3lcgoric\.

C"\Ct,Ny 0 ~ ~m:lll irrtglll.lf opatllie\ absenl or le~, prof\J~ thsn in c:llegory I.
(al,.,;nry I . :'om;J1I Ifref!.ulH tlr:<:rlic\ ddinllt'ly rrncnt bUI (ew in numhrr, The: nNm31 l:tll~ m:u1oMtS Jrc uwally visihlt.
Cale&ory 2 • :'>mall irr':Ftll'" opaCllles numcrous The norm:.ll lung mH~lnp arc usually r.Htl)' otHClJlrd.
(Jltl!ClY J ~ ,rnJII ilrrgul;11 o!"JcI1je\ ,cry nllnlt'fl'U\, 'lh( normal lung "....1r~ings :lrc u~uJlly IOlally obscured.

A~ lh~ OP':~IIIC\ 1fC irrcg\Llar. Ih~ dllllefl\i,ln~ lI\IJ for ,0un,1cd \1r.J~III~' ~:lnnl'l be u.;cd. lJullhey <:3n h< rougltly dlvid.::d infO thlee Iypu,
" • line HrtJ:U!;u or IInru f'lpJt:.tles. " ,
t nlt:dlum Irrc~\jlal 'lpJcillC\
U - ('l)Jr\(' (hl("l\~hy) irr('~ul,lr l\rJci1ic\

The 1(1111:' in ""h,,:~ It,(' 'll';ll:llll" Ire ,I.:cn ;ur r('corJd. E;lCh lut1~ I') dl\I,lctlmlo lhrer Tones-upper, middle Jnd lowcr­
;], f\JI hllJnJt:t.! ,)p.l( II ..',

When hqh rlllJI',kd ;lnJ ',.C:;'_d,H ,,111.111 I'r.\,·,L\'\ ;.Ir( rr:-.e:n" r,'\'\lrJ ,II,' I'r,I(II-llln "f c=l.h ~cr-,r.]I(ly JnUlhcn record lhe eumblned
fllnl"ll\IOn Ji '~ollf,h ,llllll(' 1'1',1..:,11,,-, ",'f,' "I' .me 'Yi'(' T:u'i 1\ :In flplho1'ul le.lItHC ,If the CI,1~\dic.1!I(ln

-_ .. ------- -- ------_._------------

lhe lone", In "hu:h Ihc npacilies arc ..c:cn ilIrc rceorckd. Each lung 1\ til\"iJed inlo lhrec loncs-uppcr. middle. .Ind lower.

C.1lqlory ,\--,11' tll',ll:lIy \411h pr':.1IC~1 JIOllllClff hel\ll('cn I,,;nl anJ ~..:m, ,'I se\l'r:tl such C'p.a::lllrs Ihe sum o(\l(ho~( gruleH diamelers
docs 11111 c,(ecd ~ e:"

('JIC'':.('lry R - pn\: Ilf mCHe Ur~CIllC~ lar~(r or more Ilumcr("us Ih,ln Ihtl'iC 111 ("3ICIWIY ,\, '-' hose combined Jrc,J docs nol r,~(cd Ihe
\'I.~ui\alenl of Iht r:~ht Unp,'f lOn...

(';ue,ory C-· ,lne nr Inll~C' large (,pJCIlu:'i ".1\)'(' comh,n('d arC'3 rll'r~dl lhe c\lui\ ;alenl (Of l!1c right uppu zone,
,

,\\ \... /1 ;H 111(' t~lI.:r ',\', 'n' or 'C', Ihe abhl,'\IJlII11l ·.\~r I'r '1\1' ,houhl ,,~ ll\cd 10 indr-:JIC '-'htlhC'f t:lC' Op.aCillCl ;Ir~ ..... ell defined or
III dttJr:ed

The noJuk\ :He ... las\i(l('01 :.Jccorclin~ 10 Ihl' Jr'pr\l'\IIIl:'IlC JIJrnclc:r 1)( Ih~ preJomirl.1nl apt1citic\,
r rounJrd "fl:lcilic\ up 10 about I.Smm dl:lIntlc:r.
'l(m) , rnundnJ tll'l;lCllic:s ncccJin£ Jhl1Ul l,~mm anJ lip to ;\hou\ )mm JiJmc:cr,
r~n) • roundcJ C'paclli(\ tlcccJlng ilhoul Jmm .JntJ up h) .1bOUI IOmm L1IJmcl..:r.

Thr l;llq',")fY of prJ(u,ulll i\ h."nJ lln ;h't'\',r\lrnl of Ol( I,,'nd:ntl,lli\..'rl (prllriJ"iun) \)r OpJClliu in Ihe ~lTrcted .lones,
The ~:,"!nd;:r~ Llm\ tktinr 1h(' ITlhII.:JII'~tHi('s r I I, 2,':, J "I

r.ollrj::lr~ n ,~null r,Hlllt!l'd nrJt:,I,e, ,lhStnl {If !('", pro(u.~.:: Ihan l:l C;tIl'~(lIY I.
Calr~.\r) I . \n-,;III H1UIlIlni UP;ICIII~\ ~dinl~l'!i' ~'r"'(rll hUI (c\~ In numbl:r
Cal~I("Y 2 - \r:lJIl roun,kJ 0p:Jclllc1. nU!ncrl'I;' 1 h( ntlrm.illul"l,( If\JrlllibS ale uW311y ltdl vlsihle,
(alc{:,Hy .l ' 'null rnur,dl:d ('p.1CllIC\ "cry nUnle/OIIS, The normal lung Hl.1rking, an: panly or IOI.lly obs~ureJ,

(ir,I.!(" n nr, ,d"ur;d t',1!cifjr..Ili<,'n ~\'''.n.

(;r;l,;c I • one: \If mnrr a'{'~l~ nf r!rllr:d CJkl""~:I:i11l1, ,;1" 'Ufl~ ,.,: ""Ii'.H. p";llnl hjr'1':',C'll·1'l~~ r.,H r.l~(C,j :\~Olll )Cll'l,
.Gr,'d, 2· nn!.: IIr more .HC':\·, of plo.'ta,ll c,llc:I:I·.liion, Iile \UIII r',f ":il'\o.: ~h:.ll('·,t ,ll~-~~/('I~ (l,('C«,L Jh(l;,.l~ 2cm, hUI r."llJMlIf It'~:m.

Gr:adc ]. on" OrnllHC arr:H of r~('\HJ' c:dclliL.Jlion. t"'~ 'Cllll ,'f U.lH"(' ;"",1('(' 1·.·~,lrltCS Cl:c«:os :a!l(lUI I(k:l""'l.

(ir,vie a
I (jr.l,lc h

l;,JJc c

(lr.,I"\(' n . ""I j"Irc\Cnl lIT I~'\~ nun po.I"dc I.
, (iLlde I . dd""le r!Clol.lllhidr";lI\~ 1/1 ,'11<' ('Of ':''''1(' p! 11,1:'\ <.\1('11 lh,)! :IH:: 1111;,' kr'l~1I1 ttot'~ nfll (~C'r:J (Inr hJlf M !he proJection of onto

I 1:'\/u31 Cht"i ..... ,,11. 1 he ;,l"Jrd~il_1 1.lm ,Ii:rlnc~ !he iO"<l 11rT"t,l l~f itl:\dc ;
('jr3d~ 2 dl't"II",IiC pleural Ihll,;ll.l'lllllY. In nne or .'111~r~ pbCC5 \Uih lh;,! tne Il.Il_lll~rlftth v.rrr.(h onc Mif of :he ptojt""'fifln fir Dllt Itler:».1
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Th~ l;\lt'r •..,ry of prJ(\hll l ll i\ h."l"d lin ;1\\1:<".1\1('0' of Ihe I ,'n,r.nll.lli\.'r1 (prt,ru',itJn) \If OpJCllics in Ihe ~
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r"'lt'j::lr~ n . ~m.lll r,HlIlIkd 0rJColle, .Inscnl M !l"',\ rro(u~.: IIlJn ,:1 CJlr~(HY I.
C"lr~,'r) I ...n-,;III roundnl UP:ICIII~S ~crinl:l'ly I'I"\~f11 hUI (c\\ ,n numher
Calel.MY ~ - .. r.ull roumku op:Jcllie, numCrl'li\ 1 h( norm.!1 lu"~ 1113rl..l1l(;\ ale u~U3l1y It"l visih/e.
Cllcg,Hy .1 • \null rllur.d~d opaCIIIC\ vcry numcrOIlS. The: norm31 lung m,ld;ing'l a~ panly or IOI~lly ob

The noJuln :He das<,itl~" :J~corlling to lh(' Jrpr,nlll1:tle JIJrn~l(r llf Ihe prcdomirunl opacilies.
Jl • rOllndrd t'r4lcitic, up 10 about I. Srnm dl4llMta. '
lI(m). rClundctl t1r;ICllits ,_cccding ab,1ul I.~mm anJ lip '0 ~hout )mm t1iJmc:cr,
rln) • roundcJ (\pJClli(\ uceedlng ahout Jmm ;ant.! up h> aboul IOrnm di3meh:r.

lhc lone~ In \\hlch tltc pp3citics arc sc:~n .. re re:cortJ~d. L1Ch lung is dl\'iJed inlo three loncs-upsxr.

The cal(~nry or profusion is b~sC'd on tht I,~cs~mcnt of the concentration (profusion) of nJllcitics in the
The \IJnd.ud (IIrm define Ihe m,J·C.llcgoric\.

C~lcr.{\ry 0 • ~mall irregllfJr op:lciries absenl or Ic~~ profuse tl1sn in c3lq~ory I,
(alr.r,ory I - ~m;,jll Hrq!.ul:H llr.:c,lie\ ddinllrly rrescnl but fcw in nllmber. The nCJrm31 I:Ing mar\(in~s J

Calq~olY 2 • ~malf ;rr~F"IcH opaCIIICI numcr<Ius. The norm;,1 lung m~rLlnfS fire uHutly p;Htly OhSCUICd,
C~lc~cry J - 'rliall irregul;lr or3cilic\ Hry nIlOltrl'U\, lhc normal lung "',~Hlings 3re U~U3"Y 10lally obs

As Ih~ Or':l.:llleS He irrq~l"ar. Ih~ dllllClI\i,lM ll\lJ (or rounded "'P.J(llIC~ ~:lnnl'l be u\(u. hUllhey CJn h< rOl
, • lint Irrr~ul~r or "near ('\pJI:'llcS. I.

t . nH:dtUIO trr('~ular "pJCiIIC\,
U • ('1)Jr\(' (lll(\h:hy) irrc~\II.lr "rJcilic\.

The 1('\lIes in "" h,~~ Ih~ 'll';tl:I'll.·~ .are )(cn J,t rC'corJd. r..\ch lun~ I) lll\ ..Jed .nto lhr('e Tones - urrer.
J) ft)r rtlunJ~J ,'p.le I, ... I

Whtfl }o\llln rllul'dl"d anJ Irlq:·.d.H .. 111.111 '·r.,,:.I;~·~ Jrc rr .... tnl, r'· ... I'rJ Ihe I'r.l(II"IIn ,,( .:=L1, ~('rHJI(ly JI

. rlol'lI\;on:as II-,lIl1~h "II Ill ... (\I,.I~ltl ..•• \'~'r,' oil' ,1flC ty~c T:II~":I" Ppl".";I' le,HlIrc ,If the Cl.ll\,tiC.lIIO"
. _1 ..__ .- __ - .• __ . -- .....- .. --' .-- .. --._._'- ------

CJlqWry '\--,If' up.I ... 'ly \4J1h pr~,jIO' JIJIlIClf( h(I~('cn 11.:"' anlJ ~\:m. t'r SCHr:l1 such Clp':C'II('S 'ht sun
does III" (,ceed 5 c:n

C:tl('':I''lrY R-pne 1'( OIIH~ lIP~CIIIC'i IJq~(r or morc llum('f('US Ih:ln rhl'\c 111 C'Jlcg,'ry ,\. ""hosc combine
\'l~u" alenl of ltlC ri~ht uflpa 10M.

('al(',or~ C - ,lne or ""'~( large OraCIIIC:" \\ht)c,c comhincd :Uf:J e,acds Ihe C'lU;\ :alenl (\( the TIght up~r
i

,\s \'~II :l~ tll\~ !:'tl~r '.,', 'n' cH 'C', 'lie :AbI'lI~'\1311',I" "\I.r 1'( '"I' ,hnull! ~~ lI\cd 10 indrc31C "'hCI!lcr 'lie:
ill t~clJr.ed

(irarlc a • up 1o abl,ul S:~m IIlIck at Ihe '" Il.!r')l r.Ht d ~ny sh.ldow.
I (ir,"!c h • ('\\t"r ,\hl'''' ~mm =-rH1 ur 111 ;1 ..(,,,1 IIJll'''' Ih'l,l, ,'1 (he ,\illt';' p~rl (If ,Iny sh.ldo'N.

GrJJe c • O\t:r olb(\111 IU.l1," (llld. ul Ill: ",.dnl ~J(I '" .alii ~I'ihhw.

Gr.lrI(' n . III" pr('\cn, "r k\~ than ~l.,de I.
(ir.lde I . d..-f"IIle r!CI".11 Ihidl"illl~ IT' ,.'11' M I~H"lr r! ",~~ ~u('h Ih,)( ihe 1"1:,1 kr'l~11l \.iof"~ nOl (~l:"r.J ('Jor

/:\1031 c!l~l.l \A.ltll. 1 he :,1'Jrd~fll I.lm ,1(:rlllC~ lht' inl.\:l 11I1i,1 of J:l:\l!c ;.
(jr:ll.lc 2 . tJrlil:IIC p/t'llral IllId':IIl1i;' In or.( or :-r11'11~ pL'cc~ ~ur" Ihat Ihe 101.\1 krtjllh tJ.t'trlh ()l~C hi)if of

chest will I

(ir.lll,: 0 . nlll pr("~nl (\f ~p 1(' nIH' r!lird ,"If Ihl' :':nl~lh nf ttlr i,:f: r:tr,f.,\c ""flf,.., "r l·4ui\,lI~n'.

(;:Jdc: I . :lh,l',c (tnt' Il.lIl1 ~lId :111 III ' ..... 0 Ihil\l~ ,)/11.(" :"ngl!! or ':1(' kft t..,,,JI,l": h""I.;r or r';III\'al~nt.

(iradl' ~ . ahove IWII tllIrd!' I1flO lip \.) Ihe y.h,"c kn£tt't IIf lh<" Icrl (H(ltl(, bf)rtJ,.~ or e'llli'/aknl.
GraJe ) . rnorr lh:ln ,1\(' ",hole k ,~,h (Ii Ilic !d1 t'..Hdi;,~ hJi'!"r or q'J \·Jk~1t.

I Gr.I,Ir. n . nc, 1,JI'ur;l1 {",llci(jr..lli~'n ~l·r:n.

(ir;l,lc I • out: Of morr a'l"~I~ of p!,."r:d CJkl:'I[~:I:j"n, 1:1" .'urn ...r "'i',''', l~r";II:"~t "A/11/:~CI$ ·1'1':" r.\H (l~(('(! ;

.Gr:'\llc 2 . C)n~ or more Olrr:\'. of pln;,.ll c,llc:':I':r,lij"n, rhe ~Ulli r,r h::l"( ~(~·.II(",1 .1I;~~1(,1" C),fC(,j; JbO'F 2Cl
Gr:tdt ) • 00" or nllll! at(':l\ or rlrural (:l!(Ili ....Jli0n. t h~ (1111 "r \I. lin., QH ."ef ' I,; ".Irtrrs ncC'1:0S :JbOUl 101

_____J---------1...------....-.---------.--...--
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