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ABSTRACT.

A 2-1/2 year comparison of chest X-rays of 6571 production workers and
420 clerical workers at Puget Sound Naval Shipyard show that Pipe
Coverers and Insulators handling asbestos have 21,29 diagnosed pulmonary
abnormalities as a group compared to the next highest incidence of 3.5%
for boilermakers, with some asbestos and silica exposure, and less than
1% for clerical workers, with no known asbestos_exposure. Exposure
patterns suggest that the current TLV of 5 mg/M’ for asbestos may be

tao high.

1. INTRODUCTION. Numerous authors describe many case of asbestosis

and the increased risk of lung cancar for insulation workers with regular
exposure to asbestos or asbestos-containing materials (1,2,3,4,5,12,13,14).
Fleischer (1) found few cases {n 1946 of asbestosis among insulation
workers in Eastern Navy Shipyards and minimized the potential hazard
because dust levels were below the threshold limi{t value. Asbestos
exposures to insulation workers during ship overhaul at Long Beach Naval
Shipyard were evaluated in 1965 by Marr (4) showing asbestosis remains

a serious occupational disease at Naval shipyards. Nearly all of

Marr's work was done with the Bausch and Lomb Dust Counter.

Balzer (7,8) reported im 1968 that insulation workers in the San Franciseco
Bay area were exposed to overall eanvironmental dust counts near the
threshold limit value; however, definite radiologic lung changes were
obsarved in the asbestos union population. Approximately 25% of the

men with over 20 years work experience and a 45% time weighted exposure
displayed radiologic lung changes. iHis studies however, did not includa

Naval shipyards.

Cooper (6) and Balzer (7,8) point out that the midget impinger sampling
used in determining dust concentrations includes 3ll dust, and the
asbestos dust that is counted is mainly grains although some fibers
are included. Lynch and Ayers (9) have suggested that the S mppcf
threshold limit value is no longer a good measure of asbestos exposure,
because short asbestos fibers are largely below the resolving power

of light field microscopy.

Cralley et al (14) has suggested that asbestos fibers act as carriers
for carcinogenic metals or ather substances.

2. STUDY BASIS. At Puget Sound Naval Shipyard, a 2-1/2 year study was
begun in 1965 to compare the chest X-ray findings and the enviromment of
106 insulation workers with 8571 production and 420 clerical workers.
Asbestos exposures have been pariodically evaluated by midgetr impinger
sampling and counted by light field microscopy since 1956 (10,11).

The same methods were used in this study to compare data collected over

the past 12 years.
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3. COMPARATIVE REVIEW OF CHEST X-RAYS, Most X-ray evaluations were

based on several reviews over the 2-1/2 year study pericd. Those

workers who were exposed to lung hazardous conditions received semi-annual
14 x 17 inch chest X-rays, all others received annual 70 mm chest

X-rays. Physicians listed the X-ray findings as "fibrotic changes,"

or "pulmonary abnormalities."

Table I shows the distribution of diagnosed pulmonary fibrosis, or
other abnormality for each trade category. Because the insulators had
the highest incidence (21.27%) compared to all other trades, the work
history was investigated. Table LI compares the age, employment, and
first pulmonary abnormalities for 22 insulation workers.

Table III summarizes the only case diagnosed as asbestosis reported
during the study.

Table IV shows the distribution of pulmonary findings compared to the
years exposed, :

No cases of lung cancer were veported in the study group.

4, ENVIRONMENTAL REVIEW. Airborne samples were collected and counted
according to the method adopted by the National Conference of Governmental
Industrial Hyglenists in 1942 (10,11). Particle size distributions

wers calculated for 20% of cthe samples. The geometric mean diameter did
not exceed 2.3 micronas by the light field method for any sample. Many
asbestos fibers were probably below the limit of resolution of the
microgscope (1 micron) (9). The number of fibers observed were related

to the type of material.

The materials described in Tabla V are used by nearly all insulators
at Puget Sound Naval Shipyard. The asbestos products are similar te
those used by union employees in the San Francisco Bay area (7,8) and

Long Beach Naval Shipyard ).

Thoroughly wetting amosite or other asbestos materials was found to

reduce airborne particulate levels by one-half to two-thirds compared

to dry handling techniques, Wetting amosite or magnesia block before
ripout of old insulation aboard ship is not practical because che

adhesive and paint coating is water resistant. Imstallation or ripout

of asbestos insulation aboard ship produces high concentrations of airborne
asbastos dust. Adequate ventilation and wet handling techniques in the
fabrication shop keep the dust levels well below the TLV.

Table VI shows the estimated time weighted axposure te asbestos
determined from work schedules and field sampling. The exposure patterns
for each insulation job on new ship coastruction, overhaul, and pre-
fabrication are estimated in Tables VII, VIII, and 1IX.

Graph A shows a typical sawing operation where axeessive axposures osceur
for brief periods.



Although dust respirators have been required for installation or ripout
of asbestos aboard ship since 1956, this survey found that 76% of the
insulation workers did not usa dust respirators. Over 50% did not
possess respirators which are readily available at tool rooms.

5. DISCUSSION. The exposure patterns of insulators at Puget Sound
Naval Shipyard are intermittent, largely chronic low level, but

include brief acute high level episodes during sawing or overhaul of
ships when old insulation is ripped out without pre-wetting the material.
Individual exposure patterns vary widely within work groups because of
high mobility, individual work patterns, variety of job assignments,

and the use of many different materials.

The insulators have a comparatively light exposure when compared to
asbestos miners or fabric manufacturers, yet after about 10 years of
exposure chest X-rays begin to reveal increased diffuse markings.
Change of job status, termination, or removal from the hazardous duty
list may obscure the past occupational histery of insulation workers.
There is a need to develop a uniform classification for reading and
identifying such X-rays taken of insulation workers (14) and to
maintain their occupational history. The-individual habits of workmen
appear to play a large part in their exposure patterns. Some workmen
wear their respirators, while others will not. Most insulatien workars
were aware that exposure to asbestos, even at low concentrations, is
hazardous. The attitude prevails that the hazards are unavoidable and
must be accepted as part of the trade.

Total dust counts are belleved to be important because some of the
grains are actually particles from the asbestos fibers or the parent
rock in the asbestos vein. They are in fact crystallographically
indistinguishable from fibrous asbestos (9). Binders, metals from
processing (14) and surface absorption may play yet another role.
Until these uncertainities are resolved, the fines associated with
asbestos products should not be treated as inert material.

The 21.2% diagnosed lung abnormalities found.in insulation workers
compared with 25% (7,8) found in union insulation workers in the San
Francisco Bay area. The 3.5% occurrence of pulmonary abnormalities
among boilermakers with marginal exposures to asbestos and silica
may be partially due to asbestos.

6. CONCLUSIONS. A 2-1/2 ycar comparison of chest X-rays of 6571
production workers and 420 clerical workers at Puget Sound Naval Shipyard

showed that 104 insulators handling asbestos have 21.27 diagnosed
pulmonary abnormalities compared to the next highest incidence of 3.5%
for boilermakers with some asbestos and silica exposure, and less than
1% for clerical workers with no knowun asbestos exposure.



Only one case of asbestosis was dlagnosed since July 1965 when the
study was begun.

Exposure patterns and the high incidence of lung_abnormalities suggest
that the current threshold limit value of 5 mg/M3 for asbestos may be

too high.

‘o , . S
Lung abnormalities of insulators are first evident after about 10“years
exposure and progress until retirement or termination.

Insulation workers handle asbestos materials between 70 <« 907 of the
work shift. The exposure to asbestos dust is intermittent, although
brief episodes at concentrations considerably above the TLV do occur
during sawing or ripout. The total airborne particle count ranges

about 5 mppcf for about 507 of the work day. The ashestos content of

the materials ranges from 15 to 95%. The work day has periods of
inactivity, time between job changes, and time for material acquisitions,

which reduce the actual exposure to about 6 hours.

A high incidence of lung abnormalities would not be expected according
to time weighted exposures compared to the preseat TLV. This is contrary
to the 21.2% pulmonary abnormalities among insulators shown in Table I.

Possible explanations are:

a. The pulmonary abnormalities are the result of intermitetant
peak exposures throughout each work day for more than 10 years. The time
weighted exposure estimates are low and do not reflect the true exposure.

b. The threshold limit values has been set too high.

¢. Methods of evaluation do not properly access the exposure
pattern,
The 21.2% pulmonary abnormalities found among insulation workers at Puget

Sound Naval Shipyard compare to 25% found in union insulation workers in
the San Francisco Bay area (8). '

I1f working cond{tions remain the same, about 20% of the insulation workers
at Puget Sound Naval Shipyard can be expected to have some pu.zonary
abnormalities distinguishable by chest X-rays after 15 years in the trade

(Table IV).
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INCIDENCE OF DIAGNOSED PULMONARY FIBROSIS

TOTAL WORKING WORKERS WITH PULMONARY FIBROSIS OR

TIRADE FORCE OTHER ABNORMAL X~-RAY FINDINGS

NUMBER PERCENT
Shipfitters 890 6 .77
Sheetmetal Workers 489 6 1.27
Forge Workers 32 - -
Welders 998 11 1.1%
Inside Machinists 536 1 2%
Qutside Machinists 490 - -
Boilarmakers 115 4 3.5%
Elactricians 574 - -
Pipe Coverers & Insulators 104 22 21.27%
Pipefitters 765 6 .8%
Shipwrights & Joineras 228 - -
Electronics Workers 280 - -
Painters 263 4 1.5%
Riggers 664 1 1%
Temporary Services 143 .1 T%
Control Group
(elerical workers) 420 1 2%

TABLE I

August 1963



INTERVAL BETWEEN EMPLOYMENT AND
FIRST X-RAY INDICATIONS OF LUNG ABNORMALITY

AGE CHEST INTERVAL BETWEEN YEARS IN PC&I

WHEN YEAR CONDITION EMPLOYMENT AND lst TRADE AT PSNS

EMPLOYEE  HIRED  HIRED 1st NOTED X-RAY ABNORMALITIES (WHERE KNOWN)
1 22 1933 1959 26 years 33
2 22 1933 1954 21 33
3 18 1936 1958 22 30
4 27 1939 1963 2 27
5 26 1941 1947 6 25
6 39 1941 1953 12 " 28
7 31 1942 1961 19 17
8 30 1944 1951 7 22
9 25 1945 1963 18 21
10 28 1947 1965 18 20
11 41 1947 1964 17 20
12 36 1951 1963 12 15
13 - 1952 1962 10 -
14 45 1952 ° 1958 6 -
15 3s 1953 1962 g 13
16 49 1960 1960 - 6
17 g 1958 1960 2 8
18 54 1961 1966 5 5
19 31 1961 1961 - 5
20 57 1961 1962 1 5
21 47 1963 1965 2 3
22 22 1965 1966 1 1

TABLE II .

August 1968



EMPLOYEE NUMBER 7: CASE HISTORY

OCCUPATIONAL PROBABLE ASBESTOS CLINICAL
DATE HISTORY EXPOSURE HISTGRY
1942-52 PC&I at PSNS unknown X-ray: mnegativ
1952-60 PC&I maintenance work, intermittent, less
apartment houses than 5 mppef *
1960 PC&I at PSNS less than 5 mppcf X-ray: negativ
1961 PC&I at PSNS less thlian 5 mppcf Pulmonary abnor
ities lst noted
X-ray
1967 disability retirement Asbestos found
‘ lung during sur
1967 compensation awarded for’
disability dus to
asbestosis

* 5 mppcf is the current recommended threshold limit value for asbestos

TABLE III
August 1968
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DISTRIBUTION OF LUNGC ABNORMALITIES

AMONG PIPE COVERERS AND INSULATORS

. INCIDENCE OF DIAGNOSED PULMONARY FIBROSIS OR OTHER
__ABNORMAL X-RAY FINDINGS

PERCENT OF

PERCENT OF INCIDENCE BY
YEARS NUMBER MEDIAN NUMBER WITH INCIDENCE TOTAL PC&I
AT PSNS OF UWORKERS AGE PULMONARY CHANGES BY GROUP WORK FORCE

0-5 ., 25 37 2 8% 2%

6-10 28 47 5 182 5%
11-15 11 43 1 9% 1%
16-20 20 48 4 20% 47,
21-25 7 51 4 57% 4%

25+ 7 56 6 : 90% 6%
AGGREGATE = 21.67%
TABLE 1V

August 1968



\D INSULATION MATERIAL AND USE

AMOSITE
Use: Piping, fittings, machinery units and large or irregular surfaces
Composition: Long fiber asbestos 957
MAGNESIA BLOCK INSULATION
Use: Tanks, boilers, valves and pipes
Composition: Magnesium Carbonats 85%
Long fiber asbestos 15%

ASBESTOS CEMENT

Usa: Finishing and insulating, used over bare metals or insulation
and as a filler

Composition:;

) Johns-Manville #301
Asbestos (Crysotile) 15}
Portland Cement 17%
Clay 33%
Mineral wool 20%
Diatomaceous earth 15%

One=-Cote
Nodulated fiber and Asbestos (Crysotile) - less than 507
Portland Cement less than 30%
Diatomaceous earth less than 207
Clay less than 1307
Calcium sulfate ar nitrate less than 5%
Organies | trace

TABLE V
August 1968



INSULATION MATERIAL AND USE (Cout'd)

UNIBESTOS

Use: Piping up to 30 inches in diameter, very little is used
at this time

Composition: Finely ground asbestos fiber

Waterproof adhesive

ASBESTOS CLOTH

Usa: Final coat or lagging on piping, valves, tanks fittings,
and machinery installations

Composition: There are three weights ranging from 1.25 to 2.4 lbs/sq.

80% to 957% Crysotile or Amosite asbestos fiber with
cotton fiber

FIBERGLASS

Use: Many types such as batts, sheets, molded pieces and felt
are available for different applications such as vent ducts,

piping and valves
Composition: Fibrous glass with binder

CORK

Use: Refrigeration and air conditioning piping

-

Composition: Vegetable product

RUBBER

Use: Refrigeration and air conditioming piping, replaces cork in
most applications

Composition: Foam rubber

TABLE V (Cont'd)
August 1968



AVERAGE TIME~-WEIGHTED

QPERATION AND MATERIAL

Installation
Amosite installation

Magnesia block insulation
cutting and {installing

Asbasatos Cloth
cutting, glueing and fitting

Asbestos Cenment

mixing
Fiberglass, Rubber, and Cork

Rip=-Qut
Amosita

Magnesia block insulation,
Amosite, and Unibestos

Fiberglass, Rubber, and Cork

Prefabrication in Shop

Magnesia block insulation,
Amosite and Asbestos Cloth
Fibarglass, Rubber, and Cork

* Based on 6 hour work day.

August 1968

EXPOSURE TO INSULATION MATERIALS *

PERCENT OF TIME EXPOSED
NEW SHIP CONSTRUCTION SHIP OVERHAUL

10% ' 117
397, 35%
207 15%
17 T
ot 131
43

177

5%

Percant of Time Exposed

W

50%
25%

TABLE VI



Material and Operation

(_

NEW SHIP CONSTRUCTION

Airborne Dust Concentration
in Breathing Zone (Million

Percent of Time Exposed
(Average) Based on a

Particles per Cubic Foot) 6 hour day
Range Average

Amosite: Installation 2,6 to 8.9 5.6 10%
Magnesia block fnsulation:

cutting and installing 2.4 to 13,3 6.1 397%
Asbestos cloth: cutting,

glueing and fitting 3.1 to 4.6 3.6 20%
Mixing asbestos cement 11.5 to B82.8 47.5 12 or less
Fiberglass, rubber and

cork - ——— 307

TABLE VII

August 1968



Material and Opecration

—

SHIP OVERHAUL

Airborne Dust concentracibn
in Breathing Zone (Million
Particles per Cubic Foot)

Percent of Time Exposed
{Average) Based on a
6 hour day

Range Average
INSTALLATION
Asbestos cloth; cutting,
glueing and ficting 2.8 o 5.7 4.3 15%
Magnesia block insulation:
cutting and installing 3.5 to 40.5 16.7 35%
Amosite 2.6 to 8.9 4.5 1172
Fiberglass, rubber
and cork ——- ,—- 13%
RIPOUT
Amsite 1.0 to 707 4.4 42
Magunesia block fnsulation
and asbestos cloth 2.6 to 6.8 5.0 172
Asbestos cloth and
unibestos 2.8 to 17.4 6.7 17%

Fibervelass rohhos




Material and Operation

PREFABRICATION IN SHOP

Alrborne Dust Concentration
in Breathing Zone (Million
Particles per Cubic Foot) -

Percent of Time Exposed
(Average) Rased on a

6 hour day
Range Average
Magnesia block insulation 1.1 to 1.3 1.2 (cutting)
«32 (glueing)
Amosite 2.4 (cutting)
67%
Asbestos cloth .39 to .41 4 (sewing)
.07 to .1 .09 (glueing)
.1 to .15 .13 (pinning
and marking)
Fiberglass, rubber and
cork ——— .- 33%

August 1968

Y

TABLE IX
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SELECTED REFERENCES RELATED TO ASBESTOS
EXPOSURES OF PIFE COVERERS AND INSULATORS

Fleischer, et al, A Health Survey of Pipe Covarin erations in
Conatructing Naval Vessels, J. Indust Hyg & Tox 28.9 January 1946
An excellent reference that shows how little the exposurs patterns
axd trzds methods have changed. The authors concluded that the

nuzber of diagnosed asbestosis cases reflected the hazards, which
has since been found not to be trus. Most PCAI parsonnsl do not

filae claims,

Marr, W.T., Asbestos Exposurs During Naval Vessel Overhaul, AIFA J

25:264 May 1964

Marr's work better reflects the uﬁoom patterns and the potantial
hazards from asbestos exposures,

Selikoff, I.J., et al, Asbestos Exposure and Neoplasis, JAMA April.§ 1964

Selikoff's article suggested that a high rate of cancer wvas related
to asbestosis.

Balzer, J. Leroy, Indusgg% Hygiens for Insulation Workers, J Occup
Med, Vol 10 #1, January 196

This University of California rssearcher found in the uniom insulstors
about the sams rate of pulmonsry sbnormalities as found at PSNS.

Selikoff, 1.J., et al, Asbestos Exposurs Smoking end Neoplasis, JAMA

April 18 Vol 204 #2, 1968
Selikoff linked smoking to high rates of cancer among asbestos workers.

C.A. Mangold, R.R. Bedkmte, D.J, Bessmer, Asbastos Exposurs and Pulmongry
X=ray Ch 8 to Pipa Coverers nsulators at t Sound Naval Shipvard,

Industrisl Rygiens Division, PSNS, August 1988

Asbestos workers at PSNS have an gverage of 217 pulmonary abnormalities,
compared to all other work groups. The percentage of pulmonary
abnormalities grouped by years in the trade are: (1) 15 to 20 yrs==--207;
(2) 20 to 23 yrs====577%; 23 yra + ====907, )



——

Y- 714

.
{o

——

= S
[¥=y - o
> & X
el . !
d - -
2 .
S

Ashestos as an
Enviconmental
Hazard

IRVING R TABERSHAW, M.D.

Dr. Tabershaw s Projessor of Qrcupatniansl Mediine,
School of Public Health, Umwernty of California, Berkeley.

Pepsented at the Eleventh Annual Meeting of the West-
ern Industnal Health Conference, Sen Francuco, Septem-
ber 29 and 30, 2967,

32 ™

! N FEBRUARY Of tmis YEAR Cooper, in 3 paper

entitled, “Asbestos as a2 Hazard % Health™
comsnented as follows: “We often try to emphasize
that part of the challenge of our field is that it 1s
at the forefront of meditine and techniology where
environmental hazards can frst be detected o
view of the ralaive Javals of n e re anA the
opportuntties to study populations it risk. But
when the relationships are actuaily suspected and
gradually eswablished, very real and practical con.
sequences hecome apparsn:. So the speculations,
call them fancies if you will, that are part of the
normal processes of developing new knowledge
m other fields become menacing and are misused
and misunderstood.”

You have heard today that in mdustries using
achestos as a basie material, that 1c mining, mall-
ing. {abrmeation and mstaliation. that 2 velation-
ship has been established between asbestos
exposure and fibrosis of the lung, lung cancer, and
possibly with an increase 1n the modence of
mesothelioms and gaswomtestinal malignancies.
The incidence and sevenity of the puaimonary
fibrosis ashestosis) are apparently dependent on
dose. This dose-tesponse relationship i1 asbestos
workers will probably be proven in time ta be
true also for the neoplasia of the lung, pleura and
gasirointestinal traet Concern. however has been
expressed that asbestos in ambient arr may con-
stitute a real threat 1o the entwe public and not
just to these occupationally exposed,

This grave mpiication s sumrmarized in an
article by Thomson,® who raises the question of
“whether a small amount of asbestos 11 the Jung
bases or mt the adjacent pleura or peritoneum is
an effective rarcinogen or co-carcinager. mn hue
mans, if 1t «© present thera for 30 years or move.”
This concern 1s reiterated by Selikoff and hus co-
workers® in a lengthy editorial with the state-
ment: "The neoplasms now encountered associated
both witn mdustry and environment are conse-
quent upon ihha,atior: of asbestos associated with
the lumned asbestos production of some 30 years
ago. The neovlasms associated with eurrent utih-
zation and exposure to asbesios will not be evi-
denced until 1890."

If this 15 true. 1t changes the order of magmtude
of the hazard and places asbes:os in the forefront
of public health problems. It 15 ‘o this allegation
that I wish to address myself. A good deal of the
information on which this potential threat is pos-
tulsted is 1n the realm of “speculation” and 1t is
not alwavs possible to separate the “fact’ from the
“faney."
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The data which lead to ts speculation is most-
ly epidemiclogic in character, There is unequiv-
ocal evidence that fbrosis of the lung (asbestosis)
oeeurs in ashestos workers. Pleurinis 1s a frequent
sequela of asbestos exposure and a rare mmalig-
naney of the pleura, mesothelioma, shows 2 re-
markable incresse in asbestos workers and 1n
individuals living near asbestos-producing mines
and “acipries, Negpaasms of we Jung occur more
treguently 1n mdividuzls who have asbestosis or
who are occupationally exposed to ashestos.

These findings. per se, would not lead to the
sweepmg speculations made by Thomson, Selixoff
and others were 1t not for the additional finding
that a large percentage of mndividuals over the en-
tire world show “‘asbestos bodies” wn their Jungs
at autopsy even though most have had no known
occupational exposure to asbestos (Table I1. Since
“ashestos bodies™ are specific or past exposure
to asbestos or sumilar fibers, the speculation that
all of ps are under some mereased threat of lung
cancer due to the presence of ambient asbestos
15 vald.

Assessment of the magnitude of this threar 1s
the erueral question. The dynamics of the situation
will not permit us to wait untd 1990 for a defins-
tive answer Forces such as the inereased use
of asbestos produets and the general soiling of
ambient air 1n our industrial technologiral society
demand that we make some )udgment now If we
cannot make thus determmation. we must direct
our research into those channels which will be
most likely to give us early and definitive proof

Epidemiological studies are of prime unportance
and win fact present the most convineing evidence
that asbestos may be dangerous to the working
population, but the likelihood of proving that there
55 an increased risk to the public from ashestos
wn arbient awr, by using epidemiologic methods,
15 very small Even i all the factors which could
infuence its evaluauon are known and a prospec-
tive study devised to demonstrate an sffect by
1990, any conclusions from such a study wowd
be subject to severe doubt because of the many

TASLE {
Parcentage of Ashettos Bodier in Lung Smearc®

T-pmson 11983 Cave Towne o4,
Tromgon 19453 M.gm T2,
Cayre o 2 1945 Pisipurgh 410,
Yrabirer 119458 Jcharnesbutg 39.2%,
Mageman Highs) Fialarg®* 57 6%,
Anaivel et a, F1GA81 Mppsraa' 43 00
Cooper & "abeaow 11944 Gae rave sex 45 0%,

* A corsecetve unisircted sutoniy teres.
melich seetions

Acasree ror Cooper W Clark  Aspeites 8y & manws *o
bags snebadt gmg Soequlstion, Argh Eavieps mes'tc 15 263
{Sepremer] 1967

Journal of Creupettonal Medicine

Tadershaw
varables which ¢ould not be controlled sausfac-
torily. For wstance, it would be aimost smpossible
to select a proper cohort which could be ‘ollowed
over the many years the selechon of matched
controls would be almost insurmountable; the 1n-
creasmg use of aghestos and the differences in
composttion and pogsible exposure in various lo-
ealidioe gnd the conate aronr mrodiuced oy co-
carcinogens w our environment ‘urther pecloud
the 1ssues and make it very unukely that an
equivotal answer could ever be fortheoming ¢rom
this tvpe of evidence alone.

The experimental approach car provide only
tentative answers since it has been demonstrated
that. while asbestos will produce irritaton.
plaques and malignancies in serous cavities, ¢ 15
relatively mert as an over-al wriant to biclogic
materials Furthermore, the {ransiation of effect
from any species of animals 10 man s difficult 4t
best and s made even more guestionable by
marked variatans in yesparatory tract response
by different anumal species. The ammal selected
must most nearly resemble the human lung m
order fot the experiments to be mesmngful. Difv
ficulty ts evidenced, for instance 1w she fact that
some anunals, e 2. the ¢at and the gumea pig, will
produce fibrosis snd relatively few asbestos
budies. and others such as the mouse wall produce
relatively few asbestos bodies but no fibros:s ¢
This 15 probably related to the varations n the
evolution of alveolar macrophages which Collet
et al.* have demonstrated to d:ffer among humans,
cats, rabbits, and guinea pigs

Exposure factors are not completely under-
s1008. Asbestos is said to be indestructible. bur the
term 15 a relatwe one; high heat, chemicals and
body funds produce changes 1n 1ts physical and
chernical properties in time There 1s undoubtedly
a diffcrence in effect from a heavy. brief or con-
NUNUOUS SXPOSUTE aS OCCurs i indusiy e a sus-
tamed munor exposure which may occur from
ambrent a1r poilution. Sehikof® has 1terated many
times thar there 15 an wnereasuig use of asbestos
(Table II} and surmises thst we are presently
seemng .urg malignancies “consequent upon in-
halation of asbestos associated with the hmited
ashestos of some 30 years ago " The mmplieation
15 clear that if this relationship (tons of ashestos
produced to incidence of jung malignancy) 15 true.
the multifold 1crease m 1ts use has started an up-
ward trend which will be reflected for the next 30
years and more This extrapoiation ts unwarranted,

Increased production cannot be equated with
wereased hazard, especially i a substance like

981105 MagRos) .
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" TABLE it
World Production of Argestos®
YEAR NO TONS
1880 o]
e 15 9C
1920 200.000
1930 450,000
1950 1300008
1982 230000C
1041 pefaagv e
Lo 1540 000
s T K.k

CAdagrer ‘rem W. “De Sosrtas

asbestos whick is used for the most part mn
products which are unlikelv to become sirborne.
The largest amount——one can only guess at the
percentage—goes into asbestos products which,
once applied do not disintegrate. suck as build-
ing materials and floor tile. A faxr estimate might
be that some 10 to 185¢ of the asbestos in the ap-
proximately 3.000 end-products contamng this
mineral, eg. brake linmg and asbestos textiies,
may by deterroraton, weatherirg, heasting, etc.,
hecome awborne. However, there zre no studies
of asbestos concentrations in ambient air. Inds-
cations that asbesios may be carned considerable
distances in the sirstream’ are based upon: (1)
Analvsis of deposits an the surface of the earth,
snow, etc., (2} evidence that significant numbers
of people with mescthelioma worked or hved near
asbestos m.nes or plants; and {3) evidence that a
sigmificant population has asbestos bodies in their
lungs at autopsy. But as vet the type. smount and
parucle size of ambpient airberne ashestos has not
ent itself ¢ systematie detection and :dentifica-
tion. It should also be borne 1n mind that asbestos
deposits have muneral outcrops and hence there
15 a strong posstihity that asbestos in ambient air
may be a2 ratural phenomenon and not only a
resuit of moreased mdustrial activity,

Clhinical oxperience indicates that the appear-
ance of asbestosis (pulmonary fbrasis) i dose-
dependent, Chddren have died of asbestosis and
cor pulmonale after a {ew years of an overwhelm-
mg expasure “within large shipping bags, ram-
piing down fluffy amosite asbestos which all day
long came cascading down gquer thewr heads’™
Siuis-Cremer? gives an average in one factory in
South Africa of 6 years a¢ work before asbestosis
was manifest. Jacob and Anspach,'® 1 Dresden,
determined an over-all average of 30 years before
the ashestons becarne disabling, X-ray changes are
mduced 11 most cases after 20 years’ employment
as an msulstor (Selikoff, p. 147). One of our cases
showed evidence of the fibrotic process on lung
bropsy some 22 years after a heavy exposurs of
less than 2 vears’ duration.

4

TABLE il
Workss Expoied to Aaburios in Yhe United Statm

{1963 Cenux of Manelscturon—Dent, of Commerer]

RAW PRODULTT MANUFACTYRING NO. WORKERS
Aspestos Predysts 1196]) 19514
Asvortos Paser Smaycts [1943) 11874
Aspesor Mmes & Wil 447

Saneasu! B

OB v MANULRCTURED ohiSnLRINY

g8t Worres T155%, 18000
Apororrag Tols' US wnrkess sennsese K5 600 -

While long lateney (s usua) and progressian af
the fibrotic process may continue long after the
exposure has cemsed, there is little information
forthcoming regarding guantitative data on the
dose which each individual was exposed to Lung
ciearance studies indicate a marked cifference ;n
the effects of short, heavy dust exposurss as com-
pared to mmor, low exposures. Heavy dust in-
kalation incites an acute fammatory resction and
stasis in the respiratory bronchiole and adjoning
alveolar ducts and may provide a nidus for a con.
anuing effect.

Thet asbestosis, i.e. the pnewmoconiosis. does
not present 2 maor problem for the future is most-
ly due to the fast that the occupational population
2t risk, which s diffieult to deterrune exactly,
s still quate small and can never reach large num-
sers {Table 111)

While members of the construction industry,
‘{or example plasterers and some automobile work-
ers, e.g brake repaumen, may have greater ex-
posures than insulators working direetly with as-
hestos products, it 15 gafe to say that the kinds
of exposure experieniced in industry will never
affect any sizable group i the general or workong
population.

The threat from asbestos, however, hes in its
possible association with lung cancer: and the ex-
pectation that there will be no mcrease i the
mortality from this disease among exposed work-
ers 1 ot so seagume Cancer of the Jung oecurs
more frequently in those with occupational ex-
posure, whether or not they develop fibross, and
this evidence is amply substantiated (Tabie IV)
Two aspects are not known, the pathogenic factors
and the dose of asbestos which produce this -
creased susceptibility, We do.not know whether
ashestos has properties of prumary careinogenieity
or whether its effect is entirely synergistic. That
other factors must potentiate the asbestos ex-
posure has been postulated by Selikoff and Ham-
mond’? who show that ashestos insulators who
smoke have about $0 times the incidence of lung

981105 NARR'éaB?‘ 7?1955‘]01um510N°’1
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TABLE 1Y
Epideminingic Studin o Asbestor Bxposures and Lung Cencer®
FLACE AUTHOR  YEARS NG W'T=  COM.

FOLLOWED  LUNS PAR'SDON
CANCER  Chb, Exnecied

Umted Dols 3 1138 0.8
Kisasom deantny excrornd

Quenes Broun & € R/87 -0
“ryan avatss expecrec

Oe-mvvarig  Memgash & 2 ¢ ¥y -36
[V nasens pemmnean

Naw Yok & So 2™ 3% 45,2338 -t
AoJeniey 8 aenvy fioetean

Ta'dormia Dunn & kA 1G/4t — 2.8
Wa - ceasts expezred

Cresaen Jecoh & 39 MRS -l
Ansoszs asasny xnrrTae

VEA Enter ire 47386 *2 —~ e
nasth, erpedtes

“Acepied *or W Cierr Qooper—Ajmes*ss a5 o Materg te
Heasn—Fger anc Soazuletas Aren, Zavrer, “ealth, 15285
‘September| 1957,

malignancy of smokers who are not exposed
10 achestos, The metal eomplexes in the ashestos
fibers (mcke:, chromium. etc.). benzpyrene and
others careinogenic agents absorbed on the »sbes-
tog, allerpic response which produces altered im-
munity, and the increzsed ourden from urban
populations or smoking are now postulated to be
the major co-factors which make asbestos car-
enogeme.t?

A dose too small 1o produce fibross, 1e. asbes-
tosis, may, nevertheless lead to lung cancer. A
dose large enough to produce asbestosts may cause
mahgnancy if the worker does not die firsy from
his pneumaoconiesis. However, many men, after a
lifetrne of work with ashestos products——specifi-
cally msulators-—show no evidence of any unto-
ward pwimonary patholegy. Agam. in all of these,
the amount of asbestos inhaled 18 uninown. When
the dose & known to be related to the incidence
and severity of a disease (smd it grossly sppears
to be the case it ashestosis), it is safer to postulate
that a non-threshold reiationship exists. From a
practical standpoint, however, asbestor wounld be
an unusual disease agent if 1t &id not have such
2 threshold. “Proof,” however, will always be a
speculation, as it is for example :n deterrmuning
the carcinogenie level of radiation There 13 no
way of estimating this threshold level, which at
prasent needs more industrial hygiene studies.

Qur findings support those of other mvestigatars
who state that pleuritis occurs in about 25% of
wsulation asbestos workers, The ineidence of
mesothelioma m this group is extremely large.
considering the rarity of the tumor Selikoff re-
porting on a series of 124 deaths from neoplasia
in mnsulators found 10 with mesothehoma.® This
malignancy has alse occwyred in  ineressed
ineidence 1 seme populations which did not work

Journal of Oceupational Medweme
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directly with asbestos. In a very large propartion
inn South Afriea and in a2 considerable number of
the the wicums of this malignancy 1 the Umited
States, evvironmental exposure 15 postulated as
the cause siee they Lived close to asbestos piants
using especially amosite or crocdobite.” The evie
dence is strong that the source of the agent was
primed grrhorna mromojne asbesius faciones or
mines, even though many of these :ndiiduais cad
not show an underlying ashestone fibrosss. Howa
ever, the ambien: coneentrauon or :ndeed the spe-
afic type of asbestos 1o which the person was
exposed and which could be responstble for the
disease has never been determined, either m the
reighborhoed or in the working environment.

An increased incidence of gastrointestinal ma-
lignanry is still being investigated. hut the statis-
ueal inference is strong that there 15 an increased
susceptibility n those exposed to asbestes This
will probably be clarmfied 1n wme Fmphysemsz or
chronie bronchitis, if 1t does occur as a result of
inhalation of asbestos dust, would always be ob-
scured by the underlymng pneumoconoss; and
the cdiagnogis of these condiions weuld always
he considered & secondary rather than a primary
disease.

A link and perhaps the key to the problems lie
in understanding the role of the “‘asbestas body™
1 the pathogenesis of the different tuissue re-
sponses, Our experience supports the statement
of Gough:™ “Asbestos 15 dungnosed histologically
by the association of asbestos bodies and asbestos
fibers with fibrosis " However, what the “asbestos
body” mears in individuals who apparent]ly have
never been exposed o asbestos is not clear, If ths
can be explamed, inferences then could be made
with some certamty regarding the potential en-
vironmental hazard,

The presence of “asbestos bodies” in the lung
15 a biological indicator of erposure to ashestos
Whether or not othar mineral fibers can produce
an *asbestos body’ 13 not pertment m an environ-
ments] sense The hghest concentration of min-
eral fiber in ambient air 18 overwhelmungly
asbestos and bence one can assume that “asbestos
bodies are almost entrely derived from asbestos
fibers.” “Asbestos bodwes™ probably can be found
m every lung at autopsy if sfarched for long and
hard encugh and an occasional one is adventitious
and simply icdicates that mineral Sbers make up
a part of the dust in our environment.

The fibrosis of asbestosis 1s nonspectfic and has
no special structural characteristics except for the
presence of “ashestos bodias.” Hence, interstitial
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fihrasis without the prasance of “asbestos bodies™
cannot be called asbestosic. Conversely, however,
“asbestos bodies” in sputum or lung ussue with-
out fibrosis is not asbestosis but simply an evi
dence of exposure, Phagocytosis by macrophages
is 8 major cleansing mechamism of the lung; they
angn the sffending mmers! Sher preducing the

’ the offencing - rroducts
typical “asbestos body.

No relationship has been
established between the number, tvpe, or size of
“asbestos bodies’ and the time of exposure, fiber
size, concentration, or form of asbestos

Individuals who show “asbestos bodies” on jung
smears at autopsy do not seem to have an in-
mereased wncidence of sny specific pulmonary dis-
ease. “‘Asbestos bodwes” may be found in lung
smears and not m the correlating tissue, Cauna
e> al,** found that only 4% of lungs showed “as-
bestos bodies” on histological secuon, whereas
smears ¢f the same Iungs showed “ashestos
bodres™ 11 41 Qur findings are simiar--iung
smears it consecutive autopsies without known
exposure to asbestos revealed an meidence of “as-
bestos bedies” 1 459 while search of the matched
lung tissue vielded only 39z, This mav be a func-
tion of the amount of material available for study
since the lung smear represents @ much greater
anatomic area than the jung ussue studied
histological section. Meurman found a consder-
ably higher cortelation of lung smears to lung
sections but he used special technigues to demon-
strate "asbestos bodies.”

Qur own mterpretation is that while the differ-
ences [ amount of material which is available
for study may account for some of the disparty.
there 15 evidence that minesal fibers are cleansed
through the macrophage svstem and hence found
m the alvecli and bronchial lummna but do not
enter inte the interstitial tissue. Only over-
whelm:ng exposure or perhaps some other factors
which permit fibers to penetrate with formation
of interstitial “asbestos bodies” lead to lung ma-
hgnancy, pleuritis and mesothelioma. “Asbestos
bodies” are not seen frequently w1 routine his-
tologic study of lung pathology. This 15 not an
oversight by the pathologist since sections of lung
especially stamned and studied for “ashestos
bodies” do not reveal an increased inmidence (only
about 3%).

Qur present view is that asbestos fibers are
phagooytized in the airways and excreted mn the
sputum. In some mstances the fibers penetrate the
bronchial tree, giving rise to fibrosis, or inte the
pleura producing pleuritis, Co-factors, which are
not completely understoad at present, operating
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with the asbestos cause an increase w lung cancer
susceptibility and in the appearance of mesothe-
Loma. As the role of the “asbestos body™ becomes
clearer and meore data becomes available on the
distribution, type, fiber s1ze. and toncentration of
airberne asbestos and the role of co-factors, the

virenmental hazard from this ubiquitous mmeral

In summary, if one accepts the assumphions (1)
that asbestos minerals merease the risk of lung
cancer in occupational groups, (2) that they lead
to an unusual risk of mespthelioma of the pieura
and peritoneum in oceupational groups and those
living near asbestos plants, (3) that such malig-
nancies usually result from exposures 30 to 50
years earlier, (4) that the “asbestos bodies” found
1n from 25 to 0% of lung smears from routine
autopsies are probably due to asbestos :n most
cages, (5) that thege “agbestos bodies” may result
from recent exposures as well as those many years
earlier. (8) that world production and use of
asbestos has increased from 500,000 tons to 3.500.-
000 tons in 30 vears, it is important to consider
whether or not asbestos is 2 major threst to pub-
lic health, One is not yet justified in such a con-
clugion, i view of the fact that much of the world
tennage goes o uses that do not lead to air
contammation; asbestos is not actually inde-
structible, that the effects are dose-dependent,
and that Jow doses probably lead to lower rates
and longer latency,

Nevertheless, there is need for epidemiologic
studies directed to groups with intermeciate ex.
posures and for evaluation of the beneficial effects
of cessation of smoking, Another need 15 for ex-
peruriental and industrial hygene studies to de-
termine the nature and degree of exposure,
Biologme studies centered on the meaning of the
“ashestos nody” are crucial © understanding the
ciimicopathologic response. Strict control of -
dustr:al and neighborhood environments 1s essen.
tial, but 1 15 premature io extrapolate from the
effects of heavy exposures o minor and low level
exposures.

1108 Grizzly Peak
Berkeley, Colyf, 94708
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The Urban Environment

Natural recources have always been defined as those parts of the natural

w value,

'
[wes

1967,

J———

. Journal of Cecupational Medicine

cerve of Vet ancther ¢rtical resourte:
. space over the urban land This 15 used even more haphazardly than the land
1tsedf. Just en the hor:zon 18 a host of problems caused by elements competing
for s limited resource—high-rise buildings, nterbuilding walkways. high-
ievel and ar-cushion highways, and private roobtnps. This space over the
ity 15 an asset thas must be conserved, developed, and used with ihe greatest
rare, Two-dimensional land-use planning 1s out-sfedate, and we urgentiy aeed
¢ learn how to prepare three-dsmens:onal plans.
~Fegn “"Modernizing Urban Development” by Hérvey § Perloff 1 Daedsing—Sumnier,

enyironment that have vaive to mankind because the demand for them ex-
. ceeds the linuted supply. It is in this sense tha: “new” resources, other than
‘ *he trad:lonal ones of agrieultural land, water, and munerals, have increesed

In thig Eght urben lend is particularly valuable. Just as we had to learn t¢
use agricutural land with special regard for us aualies and the demands
: made on i1, 50 we will have to change cur vigw of urdan land. Today 1ts use 15
nappazard and largely unthinking We have not vet learned to ask ourseives,
for example, whether we want to use a thard, a hall, or two thirds of our urkan
land for the movement and storage of cars. How much are streets worth to
us~-uiderground, on the surface, above ground”

Equally umportant, or possibly even more mmporiant, we now have to con-
she thire Gimension o the Qiny-—tne
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