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Foreword

Diatomite, frequently designated diatomaceous earth, diato-
maceous silica or kieselguhr, is composed of the siliceous skeletons
of microscopic, unieellular, aquatic plants known as diatoms. Be-
cause of its remarkable properties this nonmetallic mineral has
found many industrial uses, such as in filters, insulators, ab-
sorbents, and polishes.

The processing of diatomite in the United States assumed sig-
nificant proportions during World War I1. Concurrent with the
growth of the industry, increasing interest was focused on the
potential pneumoconiosis problem associated with exposure of
workers to diatomite dust in its various forms. By the later 1940's,
sufficient evidence became available relating the development of a
disabling pneumoconiosis to certain exposures in this industry.
However, fundamental questions pertaining to the etiology and
pathology of the disease remained unanswered.

In 1952, the California State Department of Publie Heal
requested the Public Health Service to assist in carrying out a
comprehensive environmental and medical study of the diatomite
mining and processing industry in California. Discussions with
management and union officials led to an industrywide study
which also covered planis in Nevada and Oregon.

As a result of this study, the problem has been more precisely
defined, enabling industry to strengthen its control program.
Recommendations emphasize engineering measures to reduce

_diatomite exposures, the display of suitable caution labels on
shipping containers where indicated, the periodic medical exami-
nation of workers, and frequent epidemiologic assessment of the
pulmonary status of the employees.

Public Health Service Publication No. 601 Harorh J. MAGNUSON, M. D.
Chicef, Occupational Health Program
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Abstract

It was purposed to determine the health hazards associated
with the mining and processing of diatomite, and the health status
of the workers with reference particularly to the prevalence of
pneumoconiosis.

. The studies were conducted in each of five participating plants
' in California, Nevada, and Oregon. Three plants processed salt
water diatomite and two fresh water diatomite. Four plants
produced natural, high temperature straight-calcined and flux-
calcined products, and the fifth only natural and low-temperature
-straight-calcined products.

The nature of the products and operations were such as to
. ' favor major dust dispersion.

The crude diatomite was essentially amorphous silica and con-
tained less than 5 percent of quartz, and only traces of cristobalite
and tridymite. The high-temperature, straight-calcined diatomite
parent material had a cristobalite content of about 15 percent
for main product, and 21 percent for baghouse product; for flux-
calcined parent material, the cristobalite content was about 49
percent for main product, and 61 percent for baghouse product.
Only traces of cristobalite were found in the low-temperature,
. straight-calcined product. Tridymite was found only in trace
amounts in any of the diatomite products.

The source of the crude diatomite, whether of salt or fresh
water origin, did not appear to influence the percent of cristobalite
found in the finished products or their airborne dust.

The airborne mill dusts were generally of a uniform size re-
gardless of product, and had a median size of about 1.1 microns.
The size distribution of the dust favored maximum retention
when inhaled. The airborne dust concentrations encountered were
generally excessive for dusts with high crystalline silica content.

Roentgenographic examination of 869 diatomite workers
showed changes interpreted as consistent with a diagnosis of
pneumoconiosis in 9 percent, and doubtful changes in an addi-
tional 9 percent. Of 251 workers employed 5 or more years in
various processes of the diatomite industry and who had no prior
dust exposure, 25 percent had chest films consistent with a
diagnosis of pneumoconiosis while the corresponding percent was
almost 50 for 101 workers employed in those processes where the
dusts contained a high percent of cristobalite. Exposures in the

v
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AV Abstract

quarries, where the dust was essentially amorphous silica, were
associnted with 2t lower proportion of abnormal films; none of 25
emplovees who had worked there exclusively for over 5 years
had a positive tfilm, but 10 percent showed doubtful linear-nodular
changes.

There was no evidence that tuberculosis, histoplasmosis, or
coceidinidomycosis was related to the development of chest roent-
genographic changes.

Pulmonary signs and respiratory symptoms correlated poorly
with roentgenographic changes, except when there were massive
confluent lesions.

Environmental studies made 1 year and 2 years after the initial
study showed that marked improvement had been made in lower-
ing dust concentrations.

Followup observations in 2 plants, in which 375 films were
reviewed of workers with 2 years’ additional exposure following
the survey, revealed progression to a posilive category in only 2
cases previously classified as negative or doubtful; 14 previously
interpreted as positive showed slight to moderate progression.

t‘\“.i‘—"‘“ R S

Nature and Scope of Study

The diatomite deposits of California attracted attention as a
potential industrial material toward the end of the last century.
At that time the chemical and physical properties of diatomite
as an insulation material were already recognized. It was not
until sometime later, however, that the mining and processing of
diatomite could be called an industry with a predictable fulure.

During the early developmental period, the diatomite was
processed manually. It was taken from the beds in blocks and
dried, and subsequently shipped in this form. The first mill for
processing natural diatomite was constructed in 1906. The in-
dustry expanded rapidly as research found new uses for the
material.

In the 1920’s the industry developed a calcined product which
had superior qualities for many uses, especially in filtration. The
natural product, however, remained in dominant production until
the 1930’s. World War Il had a profound influence on the in-
dustry. The demand for the calcined product rose sharply and
goon accounted for a large part of the production.

Concurrent with the rapid growth of the industry, increasing
interest was manifested in the potential pneumoconiosis problem
associated with exposure of workers to diatomite dust in its
various forms. However, reports on studies of quarrying and
processing operations located in Europe and the United States
presented a wide range of seemingly conflicting findings, and
their interpretation was not unanimous concerning the effects
of diatomite dust on humans.

Several factors may have accounted for these differences. The
earlier studies paid little attention to the physical and chemical
characteristics of the diatomite under investigation. No reference
was made to associated impurities such as the quartz in the crude
diatomite or to the amount of cristobalite which might have re-
sulted from calcining. In many instances the workers studied
had simultaneous exposures to known pn(‘umnconiosis-pm(lucinLr
dusts. Also, atmospheric dust concentrations were often massive.
Adding still further to the confusion, various synonyms were
used for diatomite in reporting the results of the studies. For
example, diatomaccous earth, diatomite, kieselguhr, tripolite, in-
fusorial earth, fossil flour, and fossil silicon all referred to the
game general material. Tripoli and fuller’s earth were also often

confused with diatomite products.

470119 O- 58 - 1
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Pracumoconiosis in Diatomite Mining and Processing

By the later 1010°s suflicient evidence was available to aflirm
that a disabling pneuamoconiosis conld bhe associated with excessive
exposures to certain forms of diatomite dust. It was also de-
termined that the caleining of crude diatomite could convert g
considerable percentage of the amorphous silica into a ervstalline
form, cristobalite, which is much more reactive biologically than
the amorphous silica. Despite this accumulated knowledge, many
questions still remained unanswered as 1o the seriousness of the
problem, as well as to the precise etiology, diagnosis, effects on
lung function, and proper control measures.

In 1952, the California State Department of Public Health
requested that the Public IHealth Service assist in carrving out
a comprchensive environmental and  medical study  of  the
diatomite-processing industry in California. Discussions with
management and union oflicials led to a plan for an industrywide
study. Through similar discussions, arrangements were made
to extend the study to include plants in Nevada and Oregon.

The purpose of the study was to ascertain the health hazards
associated with the mining and processing of diatomite; to de-
termine the health status of the workers in the industry with
special attention to the presence or absence of pneumoconiosis;
and to develop methods which wonld prevent the oceurrence of
occupational disecases in the diatomite processing industry. The
following were among the basic questions posed and on which
information was sought in the conduct of the study:

1. What is the extent, degree, and prevalence of pneumoco-
niosis in the diatomite-processing industry, as revealed by the
chest roentgenogram? .

2. What is the relation between the varvious degrees of roent-
genographic change and  clinical manifestations,  physiologice
changes, pathologic findings, and disability ?

3. What is the relition between the foregoing manifestations
and the degree and type of exposare”

4. Is the pneamocontosis  associated  with  exposure Lo
diatomite tvpical of silicosis? If not, wherein does it differ?

5. What is the significance of exposure to the different sourees
and forms of diztomite and the etiology of disease: (a) Sea water
(marine) and fresh water (limnetic) depozits: (0) evude, natural,
stratght-caleined and flux-caleined diatomite?

6. What is the relation between particle size and the develop-
ment of disease?

7. Is the etiologic agent diatomite or is it some other material
associated with the diatomite?

LD T, e ey
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8. What is the relation, it any, hetween the pnenmoconiosis
found in this industry, awd tuberculosis or other respiratory
diseases?

9. What dust controls are necded to prevent the development
of pneumoconiosis?

The study was a cooperative effort of many groups, including
labor, management, State and Federal agencies, and consultants.

The iritial phase entailing the collection of basic data was
carried out in 1953=5.1. Detailed environmental studies were made
to determine the extent and nuature of dust exposures. Medical
studies of the employees included work and medical histories,
physical examinations, chest filins, clinical laboratory examina-
tions, intradermal tests wilh tuberculin, histoplasmin  and
coccidioidin, and pulmonary function tests.

Followup studies were planned to include biennial chest flms
on workers in the plants participating in the study and on those
with over 2 years’ emplovment who had left the industry. Ar-
rangements were also made for plant managements to submit
periodic reports on dust concentrations by product and operation,
and provide current information on fechnologie changes in plant
operations.

The studies were conducted in each of five participating plants
engaged in mining and processing diatomite in California, Nevada,
and Oregon. Of these, 3 processed salt waier and 2 fresh water
diatomite. Four plants produced natural, high-temperature
straight-calcined and flux-calcined products, and the fifth only
natural and low-temperature straight-calcined produets. All 5
plants operated on a 3-shift basis.

In accordance with the plans established for conducting the
study, in all instances where there were clinical findings that
were felt by the examining physicians to warrant prompt diag-
nostic studies, the employee was referred to his private physician
for appropriate medical attention. With the written consent of
the worker, summaries of the relevant findings were furnished
to his phvsician when in the latter’s opinion such information
would prove helpful in the management of the case. In addition,
in all instances where chest films and histories were consistent
with a definite dingrnosis of pneumoconiosis, reports were similarly
submitted to the private physicians.

Those responsible for environmental studies maintained close
linison with the staff members of each plant responsible for
industrial hygiene and transmitted to them the findings applicable
to their plant.
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An extensive summary of environmental findings and clinical
data was prepared in 1955 and made available in mimeographed
form to participating State health agencies, the industries in-
volved, interested Tabor organizations, and to others who had
participated in the study. The major findings of the studyv were
reported at the annual meeting of the American Conference of
Governmental Industrial Hygienists in April 1935 (56), and at
the 1956 meeting of the Industrial Hygiene Foundation of Ameriea
(57

This report covers a review of the literature on diatomite
pneumoconiosis, i description of the industry, results of the initial
environmental-medical studies and of followap studies, and en-
vironmental and medical recommendations for the control of
pneumoconiosis in the industry,
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Diatoms: |)v.‘<('|‘i|>l.inn and Distribution

Diatoms are microscopic, unicellular plants Calgae) ranging in
maximum dimensions from under 5 to over 100 microns. They
may exist individually or in colonies.

Although the taxonomy of diatoms is not clear, in one classifica-
tion (37), the Bacillariophyceae (diatomaceae) are specified as a
class under the phylum Chrysophyta, subkingdom Thallophyta.
It in turn is divided into two orders, Centrales and Pennales.
Over 10,000 species of diatoms have been recognized. Environ-
mental conditions of witler composition, temperature, and light
greatly influence the species found in any one habitat.

Diatoms are specially distinguished by the structure and
chemical composition of their cell walls. The shell of the in-
dividual cell is composed of two symmetrical halves or valves
held together by a girdle formed from hooplike connecting bands
extending from cach valve, The halves fit together much like the
top and bottom of a salve box. The valves may assume a great
number of shapes, but genervally have an ornamentation that is
radial from, or concentric about, a central point (Centrales) or is
bilaterally symmetrical or asymmetrical (Pennales). The shell
is composed of almost pure opaline silica secreted by the cell
protoplasm. Both the chemical composition and the physical strue-
ture of the diatom fossil make it of great commercial value.

The Bacillariophyeeae are worldwide in distribution. They
grow prolifically under favorable environments. Upon dying,
the diatoms sink to the bottom of the water and form an ooze
which may reach several hundrved feet in depth. The organic
material of the cells decomposes and leaves the silicitied cell walls
which gradually become compacted into beds covered with sedi-
ment. These beds may eventually elevate above the surrounding
water level, and through prolonged and repeated leaching, become
more or less puritied and white i appearance.

Impuritics in the diztomite deposits consist of fossil remains
of sponges and other silica-seereting aguatic life as well as small
amounts of minerals, clays, and chert.

Although diatomite heds are currently forming in many areas,
those now being worked are of the Jurassic to the late Tertiary
age. The deposits in California are of the Miocene period and
were laid down some 18 to 30 million years ago (4841, 47).

-
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6 Prcunioconiosis in Diatomite Mining and Processing

Diatomite deposits are usually classified commercially as to
their fresh or s=alt water origin. Although environmental condi-
tions greatly influence the species of diatom growing in any one
habitat, no apparent chemical difference has been found in the
opaline nature of their cell walls,

The remarkable properties of diatomite make it industrially
useful. Is inertness and various shapes make it an excellent filter
for liquids. Its chemical composition, along with the tremendous
amount of incorporated dead air space, recommends its use both
as a high temperature insulation material and as a liquid absorber.
Its inertness, hardness, and small size make it suitable for use
in polishes, flatteners, extenders, and fillers. It has more recently
become of use as a source of silica for chemical manufacturing.

+
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Review of Literature

The first report linking exposures to diatomite dust with an
ensuing pneumoconiosis appears to be that of Legge and Rosen-
crantz in 1932 (7). The report led to active study of the problem
by the major industries, and eventually to a program of periodic
examination of the workers and to laboratory research. It also
stimulated the interest of other research groups in the problem.

There was a long time interval between the report of Legge
and Rosencrantz and the general recognition of the disease.
Abrams (2), in reviewing the status of diatomaceous earth
pneumoconiosis, stated it was not until about 1946 that it was
acknowledged that exposure to certain forms of diatomite dust
could lead to a disabling and sometimes fatal disease.

Epidemiologic Studies

Legge and Rosencrantz (1) in a 1932 report described results
of the examination of 118 laborers employed in a plant in Cali-
fornia processing diatomite. The authors reported roentgeno-
graphic evidence of pneumoconiosis in 81, or 68.5 percent, of the
group examined. In 60 workers the changes were described as
very early or early, in 15 as moderately advanced, and in 6 as
advanced. All but one of those with advanced changes had been
employed for 5 years or more. Physical signs were strikingly few
and mostly of slight degree, except for a reported high prevalence
of clubbed fingers. The nature and intensity of environmental
dust exposures were not discussed.

No further observations were reported until 1936 when Middle-
ton (3) described evidence of only slight fibrosis in 2 out of 6
workers exposed for 10 or more years lo kieselguhr dust in
England. Again, no information was given on the nature or
extent of dust exposures.

Another 11 vears elapsed before any further epidemiologic
studies were reported. In 1947, Martin, Vallaud, and Champeix
(4) published findings from an investigation of workers exposed
for many years to fossil silicon. Chest roentgenograms of 3 out
of 32 workers examined showed mild linear Tung shadows.

In 1918, however, Vigliani and Mottura (5) deseribed a different
situation in two factories in Haly manufacturing filter candles
from crude diatomite obtained from Tuscany. In the process,

7
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8 Prcnmoconiosis in Diatomite Mining and 'rocessing,

amorphous diatomite was mixed with coal and magnesite and
caleined at 1,250 €. On X-ray diffraction, the caleined material
showed an intense cristobalite pattern. Twenty workers exposed
to this “ignited diatomite” were radiographed; 13 showed some
stage of silicosis and 7 were described as in an advanced stage.
One had tuberculosis. The condition was described as rapidly
developing, with a majority of the affected workers showing
radiographic signs after 4 years of exposure in the candle-turning
department. There was no typical nodular stage, the fibrosis being

Review of Literatio e Y

tuberculous infection either during life or at post mortem with
the most scnsitive bacteriologic and histologic techniques that
were available.

5. When tuberculosis is superimposed on diatomaceous earth
pneumoconiosis, the infection often pursues a benign course until
cavitation supervenes, then the course seems to be slowly downhill
in spite of modern treatment including collapse procedures and
chemotherapy.

6. Fresh water diatomite appears to be much less toxic for

diffuse and “lacelike.” Conglomerate lesions were described and o workers engaged in processing this material, even when it is
a tendency to spontancous pneumothorax was indicated by its ﬁ-. subjected to flux calcination, than are marine diatomaceous earth
oceurrence in 3 of the 7 advanced cases. Workers handling crude A products.
diatomite showed only mild changes. The authors concluded that R Ebina, Takase, Inasawa, and Horie (8) in 1952 reported find-
the difference was probably due to the presence of cristobalite 5 ings on 106 employees of diatomaceous earth plants in Japan,
in the caleined form. Dust exposures were estimated at 400 to 500 ' in which 11 percent were described as having pneumoconiosis.
particles per cubic centimeter (11-14 million particles per cubic ; The shortest period of exposure associated with diagnosable
foot of air). The dust samples were collected with a thermal ﬁh( disease was 3 years, and advanced stages were found only after
precipitator and counted at a magnification of 200 <. The particle v, 15 years. Dust exposures were heavy, ranging from 3,200 to 4,600
size of the dust ranged from 0.5 to 2.0 microns. . particles per cubic centimeter (90 to 130 million particles per
Luton, Champeix, and Faure (6) in 1949 reported on clinical cubic foot of air). The particle size of the dust was under 3
and radiographic examination of 31 workers engaged from 9 to i microns. No information was given on the percent of quartz that
23 vears in the quarrying or handling of natural diatomite in may have been in the crude diatomite or on the nature of the
France. Thirteen were described as showing evidence of pneu- milling processes.
moconiosis, but effects were regarded as relatively mild. High Gervais (¥) in 1955 studied 146 workers in factories in France
concentrations of dust existed in the working environment. Most processing natural and calcined diatomite. No silicosis was found
of the dust particles ranged between 1 and 2 microns in size. in persons with less than 2 years of exposure. As the years of
Observations of workers in United States plants were reported employment increased, silicosis became pronounced. Dust con-
in 1952 by Smart and Anderson (7), who presented their findings centrations were not given. The author did not distinguish between
in a serial study of several hundred employees in five plants in amorphous and crystalline forms of silica.
the Western United States. The authors concluded: Luton, Champeix, Ravet, and Vallaud (10) in 1956 reported
1. The inhalation of diatomaceous earth may produce a on a survey of 3 factories in France engaged in processing
distinct {vpe of pneumoconiosis. diatomite and employing 124 workers. The first factory employed
9 The inhalation of erude diatomaccous earth and natural 30 workers and had been in operation some 50 years. Six em-
powders over a long period of time may produce a benign type of ployees with many years of work in the plant had silicosis. The
linear pulmonary fibrosis, leading to few if any symptoms and no second and third plant caleined the diatomite. Composition and
demonstrable disability. concentration of the dust were not given. Out of 92 employees,
3. The caleined and flux-caleined powders may occasionally 10 cases of silicosis, including 2 deaths, were reported. The authors
produce a rapidly progressive pulmonary fibrosis or granuloma concluded that the amorphous silica is only moderately, if at all,
with massive coalescence, bullous emphysema, exiensive pleuritis, harmful when inhaled, but that the calcined diatomite becomes
cor pulmonale, and not infrequently spontancous pneumothorax. as dangerous as quartz. o
4. Massive coalescent pulmonary lesions oceasionadly have Barsi (11) in 1956 described a single case of pneumoconiosis
developed in persons whose intradermal ckin tests were com- in Haly from exposure to amorphous diatomite. The worker was
pletely and repeatedly negative to full dosage of standardized engaged for about 12 vears in the excavation, dehydration, and
tuberculin, and in these cases we have been unable to identify milling of diatomaceous earth. No calcining was done. The chest
o
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film revealed pulmonary emphysema and bilateral hilar adenop-
athy. The whole pulmonary bed showed discrete “‘eggshell”
images with diffuse nodulation and confluence of micronodules
into areas similar to stage 3 silicosis. Information was not given
on dust concentrations or the amount of quartz that may have
been in the crude diatomite.

A year later Barsi (12), 1957, again contributed to the litera-
ture by reporting on a study of 34 workers in Italy extracting,
drying, and, to a limited extent, caleining, diatomite. Radiographic
findings were normal on 28 workers employed 2 to 30 years; 2
workers employed 10 to 20 years showed diffuse reticulation;
and 4 workers employed 10 to 30 years showed sparse and
irregular micronodulation. .

A comprehensive study of the silica brick industry in Pennsyl-
vania reported by Fulton (13) in 1941 has a bearing on pneumo-
coniosis resulting from exposures to dusts with high cristobalite
content. The caleining of the brick converted significant percent-
ages of quartz to cristobalite and tridymite. Of the workers
examined, 51.9 percent had silicosis. An average of 17.9 years
was required for the development of stage 2 silicosis in workers
exposed to approximately 16 million particles per cubic foot of
the green uncalcined brick dust. Stage 3 silicosis developed after
the same length of time in workers exposed to similar levels of
burnt (calcined) brick dusts but having high percentages of
cristobalite and tridymite.

Pulmonary Pathology in Man

In 1911, Nordmann (14) reported the results of 6 autopsies
on individuals exposed from 2 to 1€ years to kieselguhr having a
high quartz content. Two cases, with approximately 2 years’ ex-
posure, had stage 1 silicosis; 2 cases with 4 to 7 yvears' exposure
had stage 2 silicosis; and 2 cases with 15 to 16 years’ exposure
had stage 3 silicosis, complicated with tuberculosis. The last
two cases also had exposure to asbestos.

Svstematic study of the pathologic changes in the lungs of
individuals who had been exposed to diatomite was carried oul
for a number of yers at the Saranac Laboratory of the Trudeau
Foundation by Vorwald, Durkan, Pratt, and Delahant, who de-
seribed in 1919 (13) the changes observed in 10 such cases. It
was concluded that diatomaceous earth could produce pulmonary
disease in man, but that the lesions were different in character
from those produced by quanrtz, in that there were no clear-cut
discrete hyalinized nodules, and the foci of reaction were es-
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gentially cellular with relatively slight deposition of collagen. Some
of their cases exhibited massive areas of fibrosis and necrosis.

In 1954, Carnes in a personal communication reported observa-
tion: on the pathologic findings in 27 workers who had been
emplved in the diatomite industry in the Western United States;
18 o! those studied had died from causes apparently unrelated to
their dust exposures. The cases fell into 2 groups, similar to those
defined by Vorwald et al. (15) in a report of the first 10 cases
of the same series, and corresponding to the elassical separation
of pneumoconiosis into simple and complicated forms.

In the first group of individuals that had had no pulmonary
symptoms and whose radiographic abnormalities were simple
linear exaggerations, the pathologic changes consisted of “ac-
cumulations of dust cells in the alveoli, in the interstitial tissue
of the lung, including the alveolar walls, and in the hilar lymph
nodes, with either no fibrosis or in the longstanding cases a very
delicate reticular fibrosis.”

In the second group of cases, there was, “in addition to the
foregoing changes more or less massive confluence of the lesion
in the upper thirds of the lungs, with necrosis and marked
fibrosis.” Death was regarded as probably attributable to pneu-
moconiosis in at least 4 of the 6 cases of the latter type. The role,
if any, of infection in producing the coalescent lesions could not
be clearly defined from study of this group.

More recently, on April 12, 1958, personal communication with
Carnes (16) has provided new information. Among 49 cases
examined through 1957, 21 have had massive coalescent lesions.
In contrast to the 7 cases of coalescence reported in 1954, in whom
no evidence of tuberculous infection has been adduced by elinical
or pathologic examination, tuberculosis was proved by cultural
or microscopic means in 9 of the 14 cases with coalescence
examined since 1951. Those cases in whom tuberculosis wuas
proved were distinguishable from the other cases of massive
coalescence by the presence of typical saseation or cavity forma-
tion, or both. The clinical course of these cases indicates that
tuberculous infection can lead to massive coalescence in the
presence of diatomaceous earth pneumoconiosis. The evidence is
still laucking that conlescence always indicates complicating infee-
tion.

Palmenary Function Studies

The importance of objective tests to measure lung function

changes is being increasingly recognized in the study of pulmonary
dust diseases. In 1955, Motley (17) published measurements of

W. Clark Cooper and Lewis J. Cralley, Pneumoconiosis in Diatomite Mining and Processing (1958)

ACL Doc 11989 - Page 14 of 57 Published by AsbestosClaims.Law

asbestosclaims.law/library/11989/14


https://asbestosclaims.law/library/11989/14

12 Preumoconiosis in Diatomite Mining and 'rocessing

the 3-second timed vital capacity and maximal breathing capacity
measurements on 5 selected workers, one of whom had worked
about 2 years with exposure to diatomaceous carth. Although
this worker had no specific complaints, a decrease was noted
in his maximum breathing capacity and exercise oxygen uplake.

In 1956, Motley, Smart, and Valero (18) published the results
of ventilatory and blood gas exchange measurements on 50
selected workers in the diatomite industry. These cases represent
in part cases included in the present study, selected as indicated
in the medical section of this report. It was concluded that
although correlation was poor between the lung function measure-
ments and the chest roentgenologic appearance of the workers
studied, diatomite pneumoconiosis may produce severe impair-
ment of pulmonary function. With advanced disease, there was
noted a marked decrease in timed vital capacity and maximal
breathing capacity, lowering of oxygen saturation of arterial
blood, a decrease in oxygen uptake upon exercise, and a severe
degree of emphysema.

Studies in Lower Animals

Podwyssozki (19) in 1910 produced a granulomatous reaction
by injecting diatomite subcutaneously into animals.

A cellular type of proliferative response was described by
Solowiev and Pinus (20) in 1928 in the lungs of animals exposed
to diatomite.

Beintker (21) in 1935 reported the results of exposing rabbits
by inhalation to kieselguhr. The composition of the kieselguhr
and its exposure concentration’ were not given. The response was
one of proliferation of the lymph tissue with replacement by
connective tissue.

In 1936, Policard (22) reported on experiments in white rats
exposed to purified calcined kieselguhr. The exposure concentra-
tion was not given but apparently was very heavy. No data were
given on the chemical and physical characteristics of the purified
calcined kieselguhr. The effect on the lungs was primarily that of
exposure to inert foreign substances. No fibrotic reaction was
noted and the pulmonary tissue finally resumed its mormal
appearance.

Gardner (24, 36) in 1938 reported on experiments in which
rabbits were injected intravenously and guinea pigs intraperito-
neally with various mineral dusts. Responses to cristobalite and
tridymite were more severe than from quartz, and the fibrosis
that followed was more of a diffuse form, rather than nodular.

Kevtow of Lderation e i

Pure diatomite provoked a progressive fibrosis indistinguishable
from the reaction of quartz.

Diatomite led to a proliferative response when injected intra-
peritoneally in guinea pigs in experiments reported by Miller
and Sayers (24) in 1911. The erystalline or amorphous nature of
the diatomite was not stated.

In 1946, Duvoir, Derobert, and Journet (25) introduced
kieselguhr intratracheally into the lungs of rabbits. The lungs
at autopsy showed peribronchial nodules surrounded by collag-
enous fibers. The composition of the kieselguhr was not stated.

Vigliani and Pecchiai (26) in 1949 reported nodular reactions
in the peritoneal cavities of guinea pigs injected with caleined
diatomite. In contrast, the peritoneal cavities of guinea pigs
injected with crude diatomite showed little change.

Vorwald, Durkan, Pratt, and Delahant (15), in the same paper
in which were described pathologic studies in man, reported on
inhalation and injection experiments in several species of lower
animals. The authors observed that both natural and flux-calcined
diatomaceous earth caused an inflammatory response of a diffuse
cellular type, which could progress to fibrosis and hyalinization.
Natural diatomite was found to be less active in producing
pulmonary reactions than the flux-calcined material. The in-
vestigators also reported that flux-caleined diatomaceous earth
adversely affected the course of tuberculosis in the lungs of guinea
pigs.

In 1952, Giirtner (27) described experiments in which he ex-
posed rabbits to amorphous silica, ranging in particle size from
100 to 500 angstroms for a period up to 3 years, to observe the
effects of small-size particles of amorphous silica on the lungs.
A predisposition to seccondary infections was noted. However,
there was no indication of increased fibrosis or evidence of silicotic
nodules.

As further evidence of the high reactivity of lung tissue to
cristobalite, King, Mohanty, Harrison, and Nagelschmidt (28)
in 1953 reported on experiments in which were studied the re-
actions of rats to intratracheal injections of highly purified fused
silica, quartz, eristobalite, and tridymite.  Cristobalite exceeded
quartz in the rapidity with which it produced a tissue reaction.

Recently, Beard and Tebbens (29) completed experiments in
which guinea pigs were exposed for 50 wecks to atmospheres
containing high concentrations of natural diatomaceous earth
dust. The animals showed dense infiltration of the alveolar septa
by macrophages and many multinucleated cells filled with dust
particles, but there was no connective tissue proliferation.
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Chemical and Physical Studies on Diatomite

Considerable research has been devoted to studying factors
influencing the conversion of amorphous silica and quartz to
cristobalite and tridvmite (20-33). These studies show that the
rate of conversion from quartz to cristobalite and tridymite is
directly related to time and temperature. Fluxes greatly acceler-
ated the conversion, and decreased the time and temperature
otherwise required. Alkali oxides were found to be excellent flux
materials.

In discussing methods for the determination of free silica in
industrial dust, Durkan (34) in 1946 stated that amorphous and
crystalline forms of silica were sometimes present together in the
same material, and that calcined diatomaceous earth contained
cristobalite. Caution was expressed that dust samples to be studied
by X-ray diffractions or petrographic methods should not be sub-
jected to prolonged ignition or high temperature because of the
danger of converting the quartz to another form of free silica.

Bailey (35) in 1947 reported the effects of temperature, time,
and fluxes on the conversion to cristobalite of diatomite in its
amorphous form. The investigator showed that heating the
diatomite alone at 1,150-1,200° C. for 30 minutes converted 2
percent of the amorphous silica to eristobalite. The addition of
10 percent sodium carbonate as a flux under the same temperature
and time conditions converted 22 percent of the amorphous silica to
cristobalite. It was also shown that conversion was progressively
more rapid with decreasing particle size.

The Diatomite-Processing Industry

More than 300,000 tons of diatomite were produced in the
United States in 1953 (42), with a value at the mine, according
to the U. S. Bureau of Mines Mineral Facts and Problems, 1956,
of more than $10 million. The 5 plants, located in California,

.Nevada, and Oregon, participating in the study, accounted for

over 95 percent of the diatomite produced in this country at that
time. The remaining production came from smaller plants, many
of which operated only intermittently.

Description of Operations

Except for specialty products, the processes in each of the
plants studied are essentially the same. The description of opera-
tions is limited to production processes common to each of the
plants participating in the study. Figure 1 shows a typical flow
diagram of a diatomite processing plant.

Quarrying

Diatomite is mined by the open quarry method with the use
of conventional, heavy duty, dirt removal and transport equip-
ment. The operation consists of removing overburden, loosening
the underlying crude diatomite bed, and loading the crude
diatomite into trucks and hauling it to the mill. In one plant, the
crude diatomite is transported to a system of “glory holes” and
in turn hauled by an underground tunnel-train system to the mill
as needed. In the other plants, it is transported directly from the
quarry to the mill. The crude diatomite is then crushed, screened,
and put into storage bins from which blends for producing the
desired product are made and fed to the mill.

Material Treatment

In purification and treatment, the crude diatomite is dried in a
pneumatic transport system or in a rotary drier. Either during
drying or subsequently, the individual diatom skeletons are
separated from each other with a minimum of fragmentation.
Drying temperatures range from 300° to 800° F.

The material then passes through a series of separators to
remove coarse and extraneous material such as chert and clay.

From the separators, the material is pneumatically or mechani-

15

W. Clark Cooper and Lewis J. Cralley, Pneumoconiosis in Diatomite Mining and Processing (1958)
ACL Doc 11989 - Page 16 of 57

Published by AsbestosClaims.Law
asbestosclaims.law/library/11989/16


https://asbestosclaims.law/library/11989/16

W. Clark Cooper and Lewis J. Cralley, Pneumoconiosis in Diatomite Mining and Processing (1958)

ACL Doc 11989 - Page 17 of 57

16 Pucumoconiosis in Diatomite Mining and Processing

[t M ﬁﬁy!
Ucrudn bins QUARR

crusher Ascroon/{a} crusher

———— -

ZA

CRUDE HTORAGE

®
o4
3

bog houss m_,io' gas
o Ve S
NONNANN ey
- to scrubber
_ | |
clmslmv r.yclonn_] | cyclonui
IEER A t. t
* coarse e =
aggregote bag house
classifier[ | Ccyclone 4

notural baghouse
packers product pacher
calcine
i baghouse

packer

l calcine
WAREHOUSE

3 aggregate calcine
pvoducl
| ‘ ? pocher
w
pboxcar loading

Figure 1. Typical flow diagram. The various processes towhich the diatomite
is subjected are schematically shown as it is moved from quarry to railroad

boxear.

cally transported to the elassification system from which a
materidl is obtained suitable for processing into natural or
calcined diatomite products.

In producing natural powder, the refined and dried diatomite
is further mechanically air classified into products of desired
particle size by centrifugal and baghouse separators. In making
calcined products, the refined diatomite is further subjected to
either a straight heat or a heat and fluxing process for approxi-
mately 45 minutes.

The Diatomite-Processing Industry 17

Straight caleining is done in a rotary kiln at either a low
(approximately 1,600 I7.) or high (1,800 -2,000 I*)) tempera-
ture.

Flux-caleining consists of mixing the purified crude material
with a flux, usually sodium carbonate, and passing it through a
rotary kiln at a temperature of approximately 2,000° F.

The straight-calcined (pink) and flux-calcined (white) ma-
terials, upon leaving the kiln, are classified into main and bag-
house products (42-45).

Packing

The finished product is packed into paper bags by mechanical
packers especially designed for handling extremely fine particulate
materials. The filled bags are placed on pallets. Excessive air is
removed from the bags by compressing them on the loaded pallets,
with hydraulic presses, or by allowing them to settle under their
own weight on the pallets.

Shipping

Both unit- and hand-loading methods are used in loading box-
cars and trucks. In unit loading, the bags are placed on pallets so
designed that a forklift truck can pick up the bags from the
pallet and set them in place in the boxcars. In hand loading, the
bags are removed manually from the pallet and stacked in the
boxcar or motortruck.

Maintenance

Maintenance and operation of equipment are special problems
in processing diatomite. For uniformity of product, it is essential
that a balanced flow bhe maintained throughout drying, milling,
classification, calcining, and final product preparation since the
material is pneumatically transported using both positive and
negative pressure systems.

A “plug-up” in any phase of the system if not immediately
cleared would soon make the entire system inoperative. Worn
and improperly operating equipment alters the physical properties
of the materials passing through the affected systems and makes
quality control extremely diflicult.

Sources of Airhorne Dust

Specific operations in the diatomite-processing industry studied
were predominantly unisolated except for distance and partial

, -anlosures. Factors which influence the airborne dust concentra-
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tion at any one operation include: (1) nature of product, (2)
specific operations, (3) work habits, (4) dust Joad of ambient air,
and (5) condition of operating equipment.

Management was generally aware of the several operational
sources of dust dispersion and had under development at the time
of the initial study comprehensive plans for further dust control.

Nature of Produet

As measured by sedimentation methods, the particle sizes of
the finished diatomite powder products are predominantly under
10 microns (43, 44). The dryness of the powders, along with their
elevated temperatures, influences their tendency to disperse at
some operations and become airborne. On the other hand, the
extremely high static charge on the product influences a strong
tendency for the powder to flocculate. Consequently, at any one
operation multiple forces interplay in influencing the nature and
extent of associated dustiness. In general, however, the nature
of the products and operations is such as to favor major dust
dispersion.

Specific Operations

Most of the operations in processing diatomite must be con-
sidered potential sources of dust dispersion. This discussion, how-
cver, will be limited to those operations comprising major sources
of dispersion along with some of the control measures that had
been instituted and were in use at the time of the initial survey.

Quarrying.—The operations of loosening and removing over-
Lurden, loading into trucks, and hauling and dumping, were all
associated with considerable dust dispersion. The amount of dust
varied greatly depending upon the moisture content of the over-
burden, wind direction and velocity, and relative humidity. Similar
factors influenced {the amount of dust created in loosening, re-
moving, and transporting the crude diatomite to the mills.

Much of the dirt loosening and removal equipment, as well as
the hauling trucks, had enclosed cabs. These were not very efTec-
tive in keeping out dust since in many instances the windows of
the cabs had to remain open for visibility and comfort reasons.
Respirators were provided bul not generally used.

Muaterial treatment —The erushing, screening, and transferring
of crude diatomite to storage bins created dust. Respirators,
primarily, were relied on for protection of the workers.

Exhaust gases from the driers and caleining kilns transported
considerable diatomite fines and dispersed them from stacks into
the air. In some instances, the stack effluents under adverse

1
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‘j}"hiicorologlc conditions contaminated occupied areas inside the
RO,
. plants.

~ . The pncumutic transporting system was at times a source of
dust dlspersion because of leaks in joints and flanges. The im-

" portance of maintenance in this system for quality control was

. recognized, however, and good attention was given to this aspect
of operations.

"% ™ In many instances the baghouses were not enclosed and bags

were shaken manually. The wearing of respivators was mandatory
" during this activity, but dust from the operation contaminated

‘'z other areas and increased the dust load of the ambient air.

... Packing.—Bag filling with subsequent handling of the bags
diapersed dust into the air. The mechanical bag packers were

. ‘generally provided with local exhaust ventilation through annular

slots surrounding the packing spouts. Supplemental exhaust ven-
tllation was also provided at each packer by means of wall fans
bohind the packers or lateral hoods adjacent to or enclosing the
packers. The bags were constructed to minimize dust dissemina-
tion during filling and subsequent handling. Dust from these
sources generally arose from the use of compressed air to unblock
the packer, contaminated exteriors of bags, and tossing of filled
bags onto wooden pallets. Supplied air or filter respirators were
worn by the workers during these operations.

Shipping.—The hand loading of bags into boxcars and onto
trucks was extremely dusty. Broken bags spilled their contents
over neighboring ones and onto the floor. Subsequent handling
of the contaminated bags and walking over the spilled diatomite
created clouds of dust. Filter-lype respirators were worn by the
workers during these operations.

A major improvement of unit loading had just been developed
#nd was introduced in several plants during the initial study. This
eliminated much of the hand-loading activity.

Work Habits

Carelessness in operating the equipment and in work habits
was observed at times to create excessive and unnecessary dust
concentrations at otherwise adequately controlled operations.
There was little appreciation for the necessity of establishing
proper operational procedures and of strict adherence to the proce-
dures to minimize the dispersion of dust.

Dust Load of Ambient Air

When materials of extremely small particle size are handled,
the dust load of the ambient air represents a composite effect of
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all specitic operations in the general area disseminating dust and
especially refleets the extent of good housekeeping and mainte-
nance practices.

As with careless operating procedures and work habits, it was
observed that poor housekeeping created a serious airborne dust
hazard. Products spilled on the warehouse floor from broken bags
became airborne when traversed by motorized equipment. Dust
dislodged from rafters and other structural supports remained
cuspended in the air for prolonged periods. Air currents from
moving equipment and winds from the outside picked up dust
settled on bagged product, equipment, and floors, and dispersed
it into the air.

The dust load of the ambient air was jmportant in evalualing
the effectiveness of local exhaust ventilation. Although the venti-
lation system may have been effective in controlling the dust at
its sources, it usually could not reduce the dust concentrations at
the operator’s breathing zone below that of the ambient air.
Management realized the value of good housckeeping and had
begun to emphasize this aspect of dust control.

Condition of Operating Equipment

The importance of proper cquipment maintenance was re-
peatedly demonstrated in the prevention of dust dispersion from
the positive pressure system which conveyed the diatomite through
processing  stages. Loosened  flanges, ductwork eroded by the
abrasive action of the dust, loosened and worn-out filter bags,
and blowbacks from plugged systems resulted in massive dust
exposures in a short period of time unless corrected or repaired
immediately. A small leak seemingly insignificant might in a
relatively short period increase the dust load of the general area
coveraltold. Lack of attention to such situations also made rood
housckeeping diflicult. Management was aware of the necessity
of proper equipment operation for guality control and had in-
stituted good miaintenance programs.

Environmental Studies

. The environmental studies included the determination of dust
concentrations at various operations according to type of product,
characterization of the physical and chemical properties of the

" dusts encountered, evaluation of existing dust control methods,
“and recommendations for an overall dust control program for the

~industry.

A total of 1,562 samples was collected in the initial environ-
mental study of the 5 participating plants for defining the dust
exposure, and the physical and chemical characteristics of the

"duat. Of these, 1,160 were impinger samples for determining

atmospheric dust concentrations. The remaining 402 were special

“samples of parent material, settled dust, and airborne dusts for

determining physical and chemical properties.

Atmospheric dust samples were collected at all operations where
exposures to crude, intermediate, and finished diatomite products
were encountered. In addition, general air samples were collected
to determine the source and concentrations of dust arising from
process equipment, interarea confamination, and oulside condi-
tions.

The number of atmospheric samples taken at any specific
nctivity was governed by operational variation, rvange of dust
counts obtained, and by the number of employees engaged in a
specific area or task. Samples were taken on different days and
turing all three work shifts.

The sample collecting period was variable. Most samples were

“eollected for a period of 10 to 20 minutes. In areas where the dust

concentration appe:red to be extremely high or low, the sampling
perfod varied accordingly.
This report covers approximately

7

5 percent of the samples

-tollected during the initial study. The remaining 25 percent

representing samples taken in specialty areas or in connection
wilh operations not common to all plants are not included in this
report.

Approximately 100 additional samples were collected during the
first year followup study and 850 during the second year followup
study. The number of samples per plant was about the same for
ench of the 3 years covered by the report.

21
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22 Prueumoconiosis in Digtomite Mining and Processing

Atmospheric Sampling Method-
Standard and Midzet Tmpinger

The standard and midget impingers were scleeted for collecting
atmospheric dust samples for light field counting. The same
methods and techniques used in previous pneumoconioses studies
were employved to secure comparable correlation of clinical and
environmental findings and to express recommended maximum
allowable econcentrations on a uniform basis.

It was necessary first, however, to establish the comparative
collecting efficiencies of the standard and midget impingers, and
{o determine the importance of particle fracturing as well as the
breaking up of flocculated particles by impingement.

The efficieney of the midget impinger compared to the standard
impinger for collecting diatomite dust for light field counting
was determined by taking, in each of 10 different areas of
cniform dust distribution, a pair of simultancous atmospheric
samples using the 2 instruments. The dust concentration values
determined by one instrument were in close agrecment with the
corresponding values determined by the other, the differences
being within =7.6 percent.

To determine the extent of particle fracturing and the breaking
up of flocculated dust by impingement, simultancous midget
impinger and membrane filter samples were taken of dust from
diatomite powder products dispersed into a testing chamber.

The particle size distribution of each dust sample collected by the
two methods was similar. For example, by oil immersion micros-
copy, the median particle size of dust dispersed from natural
powder was 1.0 micron (1) when collected with the membrane
filter and 1.1, when collected with the impinger, compared to 1.3,
for the parent material. By electron microscopy, the membrane
filter sample gave a median particle size of 1.0 A partial explana-
tion of the greater median particle size of the parent material
over its airborne component is that the heavier particles settled
rapidly from the air and were not collected by the air-sampling
instrument. The decreased efficiency of the impinger in collecting
cubmicron particles may have accounted for the greater median
particle size for the impingement over the membrane filler sample,
though the difference noted was not considered great.

In a second series of chamber tests, comparative dark and light
ficld dust counts were made on the 3g-and-under fraction of
natural, high temperature straight-caleined, flux-caleined powders,
and the airborne components from the same parent materials as
collected with a midget impinger. The natural powder 3;-and-

oy

Environmental Studics A

.
AN f‘ﬁnder fraction had a dark to light field ratio of 1.6:1 compared
s to 2.2:1 for the airborne component of the parent material.
- The high-temperature, straight-caleined  3p-and-under fraction
had a dark to light field ratio of 1.8:1 compared to 1.9:1
for the airborne component of the parent material. In the flux-
calcined material, the 3p-and-under fraction had a ratio of 1.5:1
compared to 2.0:1 for the airborne component of the parent
material. These values for dark to light field ratios indicate that
"there may be some particle fracturing by impingement. Although
the impinger has decreased efficiency in collecting submicron
. pnrtlcles and would favor low values, these would be somewhat

-, "counterbalanced by the number of submicron particles always

{.present in the air and collected by the impinger but unrelated to
_the test.
~ As a further check against the breaking up of particles by the
bubbling action of the impinger, counts and particle size distribu-
tions were made on diatomite products suspended in a midget
* impinger flask prior to and after filtered air was passed through
the flask at the designated sampling rate for 20 minutes. Dust
counts in the flask prior to and after agitation with air were
within =9.0 percent. Particle size distributions were not ap-
preciably changed. For example, with a natural powder product
the median particle size prior to agitation was 1.16; compared
to 1.30, after air agitation.

From these tests it was concluded that although some particle
fracturing and breaking up of flocculates was likely, these were
not important factors in the size ranges of particles entrapped by
the impinger for light field counting. Thus, the midget and
standard impingers were considered satisfactory instruments for
collecting airborne diatomite dust for light field dust counting.

- The impingers were periodically calibrated for airflow through-
out the study. Distilled water with a predetermined blank was
used as a collecting fluid.

EONR
<L /

‘ al . . . . ~
Electrostatic Precipitator and Hich-Volume Sampler

The electrostatic precipitator and the high-volume air sampler
were used to colleet airborne dust samples for subscquent X-ray
diffraction analysis for quartz and cristobalite content. Sampling
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time ranged from 3 to 17 hours, depending on the atmospheric
dust load.

Membrane Filter

Atmospheric dust samples for particle size determination were

- gllected on aerosol-type membrane filters. Since particle sizing
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was done in the laboratory subsequent to the ficldwork, length of
sampling varied so that the dust loads on the filler samples at
any one station would be light, medium, and heavy. The filter
with the appropriate dust load was then used for particle size
determination.

Simultaneous airborne dust samples were taken with the mem-
brane filter and thermal precipitator in 2 test series to compare
the median particle size of the dust collected by the 2 methods.
With the use of the oil-immersion technique of measurement, the
median particle sizes of the dust collected on the membrane filter
were 1.6 and 1.5 compared to 1.5 and 1.75, respectively, when
collected by the thermal precipitator. Although the comparative
tests were limited, the results indicated that both instruments had
similar performances in collecting diatomite dusts.

Since the membrane filter method of collecting airborne dust
has many advantages and conveniences over the impingement
method, a series of tests was made to determine if the membrane
filter was satisfactory for collecting diatomite dust samples for
light field counting. Stimultancous airborne dust samples were
taken with the midget impinger and membrane filter in nine test
ceries, using all types of processed diatomite powder as the source
of dust. The impinger samples were counted hy the standard light
field method. The membrane filters were made transparent by
cedar oil and the dust was counted directly on the membrane filter
using the light field counting microscope. The dust concentrations
using impingement collection were 2.4 to 5.6 times the concentra-
tions determined by membrane filter collection on simultaneously
collected samples. .

Further investigation revealed that all of the dust on the
filter was nol being observed with light field magnification be-
cause of the small difference in the refractive indices of the filter
and the dust. The refractive index for amorphous diatomite
(opal) is 1.43, cristobalite 1.48, and the molecular filter ap-
proximately 1.51. The molecular filter does not become transparent
if the oil used is outside the range of about 1.19 to 1.51.

In a series of six tests, diatomite dust from impinger samples
wis placed on clean microscope slides and the waler evaporaled
by air deying. The dust ina defined area on each slide was counted
with the light tield microscope. A drop of cedar oil, refractive
index 1.51, was placed on the slide and the =ame area counted. Tt
was observed that many of the dust particles hecame invisible as
the oil spread over the slide. In the 6 tests, the number of particles
in the prescribed arca counted averaged 21 times greater when
counted by the light field microscope (109 ) without the oil. In

B Environmental Studies 25

‘s second series of 6 tests, using oil immersion (970 <), the number
g, . .

e Tof particles counted in the prescribed area averaged the same
;‘v"l + . pefore and after the use of the oil.

. fThe results of these series of tests show that the membrane

. flter was not a satisfactory method for collecting diatomite dust

. for light field counting with the use of the techniques described.

" Chemical and Physical Methods
. Analytical Methods

.T: The percentages of cristobalite and quartz in the samples were
" obtalned by X-ray diffraction using photographic internal stand-
o ard techniques. The primary standards used in the preparation
;of calibration curves were natural specimens of optical grade
%> Brazillan quartz and cristobalite of high purity from Durango,
s/: Mexico, obtained through the U. S. National Museum. The diffrac-
* tlon photographs were obtained with a General Electric XRD,
* type 1 diffraction apparatus. The line densities were read on a
- Leeds & Northrup recording microphotometer.

- L, Figure 2 shows typical X-ray diffraction patterns for crude,
A ini¥S 7 natural, high-temperature straight-calcined and flux-calcined
,- »% %5 diatomite products.

o ‘~"f-‘é”5""?“_'i Particle Size Determination
,.‘ .- The membrane filter on which the airborne dust was collected
“° for determining particle size distribution was placed dust side
down on a clean microscope slide. An immersion oil with refractive
index of 1.5615 was placed on the filter. The oil immersion objective
<(97 x) and a 10 x ocular were used in a standard microscope
;- with Kohler illumination. An ocular disk (May's modification of a
"+ Patterson graticule) was used as a reference to size a minimum
* . of 200 dust particles for each sample. The results were plotted
on logarithmic probability paper, and the median size and stand-
. ard geometric deviation determined.

Dust-Counting Procedure

The light field dust counting technique using Dunn cells and
& magnification of 100 x (16-mm. objective, 10 X ocular) was
used In accordance with the procedures outlined by the Subcom-
mittee on Standard Methods in the Transactions of the Fifth

Annual Meeting of the American Conference of Governmental

! lndpstrial Hygienists. Samples were counted within 24 hours

., 0f collection. Settling time, averaging 40 minutes, was allowed

o l::ﬁ@-_lﬂéhg Dunn cells. The Dunn cells were calibrated for depth and
8 wgg}_‘ppriate correction factor was applied.
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[ - & ture content may exceed 5 percent. The values in the table are
' iia5-within the general range reported by others (38, 39, 47, 48). No
l"’f'uppurent difference is noted in the chemical composition of the
“‘erude diatomite from the two sources.

)
"é: : ’« Tanir 1. Percent composition by dry weight of erude dintomite according to source
E ' K [ - - o - o
Percent by dry Percent by dry
2 weight welght
. . R o . R
: . Componen Salt Fresh omponen Salt | Fresh
| { - water »w:m-r water waler
I . diatomite] distomite diatorute) diatomite
i ‘ % B | B e C
i'i { o ° "'r& 64 8.1 | MgO . 05 0.2
s e 1878 1855 || Ks0 2 K
| £ 2.6 36 | NmO 6 1
’ - T 9 16 || Undeterniwined 8 5
.2 2 I
3 10 R Total 100 0 ’ 100. 0
1
]
I
' . Quurlz in Parent Material, Settled Dust, and Airborne Dust
" Table 2 shows the percent by weight of quartz in overburden,
i ’;crude diatomite, and mixed mill dust. The crude and various
4 ‘dfatomite products, and their settled and airborne components,
| r., .-+ had 8 mean quartz content of 2 percent and under. Overburden
)
| _w.*'had a mean quartz content under 5 percent. Although the per-
. i " L centage values for quartz will vary with the source of the crude
X 7. and within the same deposit, these values based on a total of 68

~:° samples are believed to be representative. The values found in-
. . dlcate that exposure to quartz is not a problem in the diatomite
I processing industry studied.

Figure 2. X-ray diffraction patterns of diatomite products. 1. Crude diato-
mite. Except for traces of impurities the absence of lines shows material
to be noncrystalline. 2. Low temperature calcined diatomite. Faint addi-
tional line superimposed on the diffuse band shows presence of a trace of

Y
: VTantk 2. Percent by weight of quartz in parent material, settled dust, and airborne dust
according to product, 5 plants combined

. . . . , . . . A , P . . _ B
cristobalite. 3. High temperature straight-calcined diatomite. Distinct lines SR _ ’ ' v
are those characteristic of ecristobalite. 4. Flux-calcined diatomite. In- L Parent material | Setthed dust Atrborne dust
. S R . ]
creased intensity of lines and disappearance of diffuse band show greater A Qartz | QG 1 Quartz
conversion of amorphous silica to cristobalite. o Product Number | perecnt by | Number © pereent by Number o perecnt by
’ of weight of ; weneht of weight
samples o samples ) sinptes .
_ L ! i
Results of Fovironmental Studies Range | Mean | ange ! Man | Kange | Mean
1 ~ .. L . . Y T o ’ o T V| :
Composition of Crude Diatomite g",lh,,d,“ ______ Jdoew 5 4 . . . .
- . . . . . . ru-le dintomite 11 0-7 2 6 <13 2 1 o1 1
The percent composition by dry weight of crude diatomite Milled product. O A o B ‘f ol . 12| 2
. : 3 L4 N '
samples from salt and fresh water sources 13 shown in table 1. The - i ! | i

value for any one component may vary according to the source and
purity of the crude diatomile. As an example, the calcium com-
ponent may range from a trace to 3 percent and over. The mois-

s Cristobalite in Parent Material, Settled Dust, and Airborne Dust
.

, f" ;‘.,No cristobalite was noted in the overburden, crude diatomite,

g‘l}r‘"al‘diatomite or low-temperature straight-calcined diatomite
y")\:){' '
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produets. Although a small percentage of cristobalite was found
in one sample of airborne natural powder dust, this was likely
due 1o contamination, from high-temperature str;liuht—calcim-;l
and flux-calcined materials. The crude diatomite and the natural
and low-temperature straight-calcined products were essentially
amorphous silica. In this report, low-temperature straight-cal-
cined diatomite was included and treated as a part of the natural
powder category. Diatomite with only trace amounts of cristobalite
is classed as cristobalite-free material.

Tridymite was not detectable in any of the parent materials,
settled dust or airborne dust by X-ray diffraction techniques and
does not appear to constitute a problem in the diatomite processing
industry studied.

The percent of cristobalite in parent material, settled dust, and
airborne dust according to type of diatomite product is shown
in table 3.

Tanre 3. Percent by weight of eristobalite in parent materiul, settled dust, and airborn:
dust according to product, 5 plants combined

Parent material Settied dust Airborne dust
Cristobalite, Cristobalite, Crixtobalite,
Prodnet Nurnlber pereent by | Number pereent by | Number pereent hy
of sam- weight of xam- waeight of satn- weipht
ples o] s | ples R
R:\nu«' Mean Range | Mean Ruanpe | Mean
Natural:
Main prodnuet 61 0-<71 <1 1 <1 i ; 5
Raghou-e product 1 0 3 <1 0
Steapeht-calemed
i product 4110 20 N B 3 8 37 &0 3 1226 "
Bavhonse prodoct 201-n 21 1 ? 52 ] 22
Fhiv-ealomed
Al praduet 5141 58 W 8 | GEE 38 7 15 1 2
Baghouse product 4] 35 4 6l 4 2-61 45 ] RANNT} a2
4 57-95 175
Albtypes (mivned) 18 0 5% 25 4 T \ 1"

1 High temperatute
2 Baghotse «hi-sification aren:

The high-temperature, straight-calcined diatomite had an
average cristobalite content of 15 percent for main product, and
21 percent for baghouse product. Flux-calcined diatomite had an
average cristobalite content of 19 percent for main product, and
61 percent for baghouse product. The cristobalite content of ihe
high-temperature straight-calcined product was variable and was
probably influenced by the amount of natural flux in the purified
crude. X-ray diffraction patterns showing percent of cristobalite

Lavironmental Stiedios 24

*in various diatomite products are presented in the previously
hown figure 2.
,,.'Of special interest is the range of differences and the lack
'."ofl close relation in the percent of cristobalite in parent material,
" gettled dust, and airborne dust of the high-temperature st raight-
calcined, flux-calcined, and mixed products. For example, the mean
%, oristobalite content of high-temperature straight-calcined main
“and baghouse product settled dust is approximately twice that
“.of the parent material. On the other hand, with flux-calcined
L products, the mean cristobalite percent of the settled dust, except
+ . for the baghouse classification area, is less than the corresponding
.rpnrcnt material. The cristobalite content of airborne dust is ap-
' . proximately the same as that of the corresponding parent material
Js}ﬁior high-temperature straight-calcined products, while in the
.fﬁux-calcined products the cristobalite content of the airborne dust
Wi is only one-half to two-thirds that of the parent material.
~"" Beveral factors influenced these variations. Different types
of end products with varying physical properties stich as particle
pize distribution were processed in the same product category.
. Balley (85) showed that conversion of amorphous diatomite to
Y eristobalite was progressively more rapid and complete with de-
terensing particle size. The variation shown in the cristobalite
v «ngontent of the parent material would likely represent the ranges
existing among different products.
v+ The settled dust samples were collected on structural members
%7 as near head height as possible. These samples, because of natural
7 alr classification, would be expected to have a higher cristobalite
“eontent than the parent material. However, a direct relation did
% not exist between the cristobalite content, parent material, and
R - pettled dust since the settled dust samples were not necessarily
R " from a single product category and often contained dust from
h ‘.“-_'g, .’, other operational areas. In many instances, natural, straight, and
.+l flux-calcined products were processed in the same arcas and
s+ 3 equipment.
"The percent of cristobalite in the airborne dust was much
lower than would be expected. As mentioned earlier, few specific
operations were completely isolated from adjacent activities and

.‘

B

E cross-contamination was frequent. Also, equipment such as
43. packers had an appreciable amount of local exhaust ventilation,
H . both through annular slots surrounding packing spouts and
3" " laterally at each side or behind the packers. These ventilation

. wystems, in addition to collecting the dust at its source, brought
=~ ."{n replacement air. The dust load of the replacement air would
1] en"be an important factor in the operator’s exposure. The

R
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amount of cristobalite in the dust of the ambient air was much
less than that of the settled dust.

The values in table 3 clearly indicate that the flux-calcined
product and its airborne compenent have a much higher
cristobalite content than the corresponding high temperature
straight-calcined material. They also show that even the high-
temperature, straight-cialcined product and its airborne com-
ponent have an appreciable cristobalite content. The source of
the crude diatomite, whether of salt or fresh water origin, did
not appear to influence the percent of cristobalite found in the
finished products or their airborne dust.

Cristobalite in Different Size Fractions of Parent Materials

The percent of cristobalite in the different size fractions of
parent materials is shown in table 4. The parent materials were
separated by air elutriation into 3 size fractions calculated an
the basis of quartz of specific gravity 2.65. The actual size limits
separated, as would be expected, varied inversely with the true
densities of the parent materials.

Tk b Percent by weight of eristobalite in different size fractions of product

]
PPerernt by sweaehit ot oo datatoe

Product
Less than $-10 10 o1 fiere
3 mterons microns Hicrons
!
Straaght caleined 8 i
Main prodduct:
Sample No. o 150 N
Samphe N 2 . . 120 15 0 17 0
Haghouse product
Sample No o) a0 30 d00
Sample No 2 9.0 136 10
Flun-culemed
NMain produet
Sample Noo 571 5.0 310
Sanmipl No. 2 610 57 0 dan
=amph No_ 3 61 n 850 o
Baghoise product
Sampls No. i 62 n S0 0 e
Sample Na. 2 [Higt] [15N1] 5% 1
|

THiph temperatise,

The data bear oul generally the observation that the percent
cristobalite of the parent materials increased as the particle-size
range decreased.

Particle Size Distribution

Crude diatomite beds contain fossils representing a great nuni-
ber of diatom species. Consequently, the individual skeletons of
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" Flgure 3. High quality, salt water, crude diatomite, 600X. This sample was
' a- token from the crude material as removed from the ground. Note the
1. extreme variation in the sizes, the extensive fragmentation, and the visual
difference in density of the particles. The finely detailed structure would
indicate that the bulk material would have a very great surface area, which
-;" has been found to be from 12 to 40 square meters per gram. The instru-
i mental magnification by the electron microscope was 130 diameters and the
" soidth of the ficld approximately 0.2 mm.

3 ’ the bed will vary in size, ranging in maximum dimension from a
_%‘ few to over a hundred microns.

& ‘ Figure 3 illustrates typical whole fossils of different species
ﬁ i« found in a crude diatomite bed of salt water origin. Figure 4,
s .oon the other hand, shows an aclual sample from a diatomite bed

of fresh water origin.
. Figures 5 and 6 represent natural diatomite main and baghouse
vrodgcts, respectively, and figures 7 and 8, flux-calcined main

1y
g
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J’I(un 5. Milled salt water natural diatomite (main product), 600X. This
g}»mabrlal is essentially the same as that in figure 3. Note the absence of
whole diatoms.

Figure 4. High quality, fresh water, crude diatomite, 600X.

and baghouse products. Photomicrographs bringing out details of
structure of natural and flux-calcined products are shown in
figures 9 and 10.

The preparation of uniform products is one of the objectives
of processing, hence it is designed to remove extremely fine and

‘the plants were generally isolated from inhabited areas, there
was minimal superimposed airborne particulate contamination
from community sources.

Tanre 5. Particle size of airborne dust according to product, 5 plants combined
gloyg

large particles from the product. This is reflected in the particle Meddian particle size 1 mierons
size distribution pattern observed in the airborne dusts. The FAEa Puoduct Nl |
distribution of particle size of the airborne dust samples in the y e s B e Hange ‘ Muodtan - Mean
five plants by product category is shown in figure 11. Average L Ot . o ““[ . L
values are shown for the combined samples by product, regardless "‘*'” Newnl...... . - 1 |2 s
of sumpling location. The median particle size values of these , ;’l:l.ll':tk::l:;"““ 3 N :“‘i v o
samples are given in table 5. It must be noted that since all the Musslineous .. . 3t i b2 i

dust samples were collected during the nonheating season, and

Vipr
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Figure 6. Milled salt scater unlur.al diatomite (baghouse product), 600X. Note

the greatly increased number of fines in comparison with figure 5.

. T'he median pzlrtlcle size values, exceptmg the' crude, w'ere . 3 - :assoclated with the packing and palletizing operations where many
b'ml],a' for the airborne dust of gach of t'he (llatomlte. c‘ate'gguem, g of the individual samples had median particle size values in the
varying between 1.0 and 1.2, with median values of individual “range of 0.5 to 1.0,. The average of the median particle size

St s ranging fr . 200, » > di: i st had ' . .
S lmph.ﬁ ! m;,ln'g fxor.n 0.5 to 2.2, .’.Fh( crude diatomite dust ha + values for the packing operations by product, however, ranged
a median particle size of 1.5,. Ninety percenl of the natural

; ; L from 1.0 to 1.1, and was similar to the average values by product
powder airborne dust particles were under 3.2p in size compared s;; & 1 Hy Was sl  the nlant operations were
to 4.8. for the erude diatomite dust, and 4.4, for the flux-caleined X regardless of operations. Smcc. most .0 the plant opera 5 W
dust L In unconfined areas and ambient air dust loads played an im-

s, : fots Mecify vati

Only small differences were noted in the particle size distribu- ' o portant role in the dust characteristics at any one -\D‘U“Cl l“i"l“‘)"é
tion of dusts by operations. Certain operations, such as crushing ._’;.’J . no attempt has been made to give particle size dl..\lll yution
the crude diatomite and hand loading bags into boxcars were o e alrborne dusts by plant operation. No apparent difference was

associated with heavy dust concentrations and larger median .hoted in particle size of airborne dusts in the 5 individual plants.
Lok t
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Figure 8. Flux-calcined milled salt water diatomite (baghouse product), 600X.

To assure that these values were not a reflection of the limita-
{ions of the techniques used, particle size distributions were de-
termined both by oil immersion and electron microscopy on the
same inplant airborne membrane filter samples in the lower
range particle sizes. No appreciable difference was noted in the
distribution pattern by the two methods. On 3 separate membrane
filter samples, the median particle size was 0.8, cach determined
by oil immersion microscopy as compared to 0.77, 0.70, and 0.73.
respectively, by electron microscopy.

Ax 2 further check, particle size distributions were determined
on the 8.-and-under fraction of the same product produced by 3
different plants. The distribution patterns were the same, with the
median particle sizes of the 3 samples ranging from 1.0 to 1.1,

Foaoo commental Studies

"&# Figure 9. Milled natural salt water diatomite, 30,000X. This highly magnified
vy . plew through the interstices of a typical untreated diatom fragment shows

321l the precise regularity of form that is characteristic of the structure as well
‘ w ‘as the fine structure within the interstices which accounts for the extremely
". high surface area of this material.  Although the skeletal substance is
: primarily amorphous silica with a true density of appro vimately 2.3 the sub-
mlcron perforations give the final product an extremely low effective or bulk
density.

A logical explanation for the similarity of the distribution
pattern is that the particle size distribution of airborne dust at
any one location is greatly influenced by the distribution pattern
'y ~of the dust in the ambient air. This interpretation appears sup-
ported by the particle size distribution pattern of the miscellanceous
alrborne dust, which likewise had a mean and median value of
1.1 and 1.2;, respectively.
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Figure 10. Milled flux-calcined salt water diatomite, 30,000X. The obrvious
distortion of the normally regular diatom structure is due to fusing. The
loss of the fine structure within the interstices results in a 10- to 20-fold
decrease in the surface area of the finished product.

There did not appear to be a predominance of low-range, sub-
micron, airborne particles. This was borne out by the similarity
of the distribution patterns of the lower range median particle
size values regardless of whether the determinations were made
by oil immersion or electron microscopy. It is significant that the
particle size range of the airborne dust was such as to favor
maximum retention when inhaled (49). Since the size distribution
of the airborne dust was fairly uniform, it was impossible to
correlate exposure to different particle size values of the dust with
the development of pneumoconiosis.
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C |
6 1.Crude 2
51— 2. Flux-calcined 4
3. Straight-calcined 5

4 (high temperature)

4. Miscellaneous

5. Natural

SN P SN N Y TR N N I |
: 10 1520 30 40 50 60 70 80 90 95
Percent of particles equal to or less than
specified size

‘w..' Flgure 11. Particle-size distribution of air-borne dust by product category.
1 Logarithmic-probability grid.

Atmospheric Dust Concentrations

Table 6 shows the atmospheric dust concentrations found during
the initial study (1953-54) by product and operation common

! to all 5 plants. The range and average of maximum values are
f" given to define the relation of intermittent exposures to peak dust
wn; concentrations. The average of minimum values indicates dust

KR
g
N

, concentration under optimum conditions of equipment operation,
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40 Prneumoconiosis in Diatomite Mining and Processiny

housekeeping and maintenance, performance of work, and outside
atmospheric conditions. The average of median values gives an
estimate of the more common levels of dust concentration accord-
ing to operation and product.

Tanvk 6. Atmospheric dust concentrations by product and vperation, 1953 51,5 plangs
combined

M illions of particles per cubic foot of air
Number {0 .
Product and operation of i T T
samples | Ratpe of | Averaee of | Averaee of | Aver o of
mavimuin | mainum | minimam | median
values values vaiues | values
Overburden
Quarry <arth movinge ! e 77 13 336 126 (6D 2 )
Quasrry weneeabaer L L 7 14 43 3N 2 [y
Crude:
Quarry-eacth ainoving [ 47 2008 53 (4 6 1]
Quarry -zeneral adr . 26 4 110 3 um 2 7
Matenals treatment ¢ 0 L . 71 21-99 549 2 1
Natural product
Materials treatment . - ol 5-185 51 (R) 5 1]
Main produact packers [ . 2 -84 55 7 21
Baghouse produet packers . oo 12 11-32 21 5 9
Patlet formation ____. ...l 13 63 41 8 14
Hand Levting (hoxcars, trucks) ... . 12 A7 L5660 | .o 31 ()]
Unit loaling o 1 xn AU . . L.
General air samples . S 12 910 1 2 5
Strivhir-valened broduel,
Materials treatment o 0 Lo o 14 - 13 3 N
Main product vackees_ oo 17 448 kil 5 10
Raghouse prodhict packers oo 2 '8 R 2 4
Pallet fornation ..o 7 10-25 17 ) 7
Hand loading & ... e e 1 1656 n 30 Bl
Generalair saples 0 oo L 5 >N 6 3 t
Fluy vabeited produet
NMaterials treatment o e 19 110 7 1 4
Mo produet packers. oo L0 o o s 36 13-52 37 3 ]
RBavhouse product packers .. 9 H-12 10 3 "
Pallet forniation N 22 6-11 9 1 4
Flartd o line [ 1n 104t g 5 Is
Unitloadimy L o 9 5-18 12 3 bl
Mueelluneans. o o0 Lo 26 5-N ¥ I 4
Datannte minture
NMatotials treatment . . . L 22 +12 4 2 1
Aaintenanee T . P 20 15 164 [[TT Y KT | 5
Outside ain ¥ . .. 14 4-0 [H 1 | 1
Stockine shaking RO IR TS g 202 13 N
Refeed . " 3N [EH 124 A4d
General atr, minedbneons . ) 200 22 ll"wi 1 i n
] .

1 Inchydes rinping, duozing, shoveling, grading, andd hanhing

2 Mt vadue in parenitheses

Y2 nlants orly

¢ fneliedes crushing, deymg, elassifyimg and ealemng

31 uhat only

§ One sl el of 2 plants, and 2 samphes in thind plant
! Inehides waste trucks, shops, garaes, and sweeping.

¢ Both upwin: L and downwind from plant

toncerommentad St

%~ The average of the median dust concentrations for all operations
ranged from 1 to 66 million particles per cubic fool of air
(m.p.pcf). Thirty-four percent of the values were 5 m.p.p.c.f.
. and under, 33 percent 6 to 11 m.p.p.c.f., and 33 percent 11
“m.p.pcf. and over. The average maximum concentrations ranged
: " from 6 to 242 m.p.p.c.f. with 29 percent of the values 10 m.p.p.c.f.
..& . and under, 42 percent 11 to 51 m.p.p.c.f., and 29 percent 51
i p.p.c.f. and over.

. These dust concentrations were excessive for dust containing
- an appreciable percent of crystalline silica (50) and pointed to
the need for additional control measures.

~ There was insufficient information to correlate in this report
'pnst Jevels of dust exposure with clinical findings. The absence
o of adequate data on the levels of dust concentration by specific
; 'e’bperation during the past 15 years made an accurale assessment
“of the past weighted dust exposures impossible. Also, since the
. Industry had undertaken at the time of the initial study in 1953-54
ﬁnan extensive dust control program, the dust concentration levels
“found at that time were transitory.

Dust Control Program
#* In the early history of the diatomite industry, little attention
“~ was given to dust control except as it was an integral part of
_production. Studies at selected operations conducted by the
Bureau of Adult Health, California State Department of Public
Health, since 1944, indicated that atmospheric dust levels in the
- ‘past were significantly greater than they were during the time of
© the study in 1953-54. In addition, those levels were undoubtedly
- accompanied by intermittent periods of extremely heavy dust loads.
" The subsequent technologic advances in the industry resulted
“ not only in better operating procedures but also in the gradual
lowering of atmospheric dust concentrations. Examples of this
_are evidenced in the improved construction and operation of
) ‘ pneumatic transporting systems, the changeover from burlap to
" paper bags, the development of enclosed baghouses with aulomatic
bag shakers, and the replacement of hand bag loading by mechani-
cal unit loading procedures. Since about 1948, however, the in-
dustry has given increased attention to dust control as a special
problem.

Through information and observations gained from the initial
~study in 1953-54, the following dust control program was recom-
mended for the diatomite processing industry. Much of it was
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42 Pneumoconiosis in Diatomue Mining and Processing

put into operation during the initial study and the 2-year followup
period reported on. The program, a composite of various tech-
niques and procedures known to be generally effective in the
control of dust, was based on: (1) control of dust at the source of
dispersion, (2) routine dust evaluation, (3) improved housckeep-
ing and maintenance, and (4) personal respiratory protection.

Control of Dust at Source of Dispersion

Detailed dust studies should be made of new and unchecked
operations. Where high dust concentrations prevail, the operating
procedure should be evaluated to determine if changes in method
will effect lower dust concentrations. Where indicated, additional
engineering dust controls zhould be instituted. The operation
should then be followed up by a second detailed dust study. When
dust concentrations have Yoo found to be below a safe level,
the operation should be inciided in the routine dust evaluation
program.

Routine Du~t Esvaluation

To assure the proper functioning of operational and dust
control equipment, a program of routine dust evaluation should be
inaugurated. Arveas of high dust levels should be checked to
Cetermine the condition of the operating and dust control equip-
ment and any departure from approved methods of doing the
work. The dust load of the ambient air should likewise he
routinely eviluated as a check on housekeeping, maintenance,
and work habits,

Tmproved Househeeping and Maintenancee

To reduce the dust load of the general air, constant attention
<hould be given to improved housekeeping. This includes: (1)
cleaning up spills immediately; (2) repairing leaks and improperly
cperating equipment; (3) routine cleaning of all inplant areas
including floors, structural supports, and equipment; (4) periodic
cleaning of areas outside plant; and (5) an educational program
for instructing employees in methods of operation and work
habits to minimize dispersion of dust.

Per-onal Respiratory Protection

U. S.
as a supplementary measure in areas of high dust concentration
until satisfactory engineering methods of dust control are de-

Jurcau of Mines-approved respirators should be used

Environmental Studies 43

vg]oped and instituted. Respirators should be worn b)'/ mz.xinte-
'nance and other personnel when working in areas of high inter-
.; mittent dust exposures. A rouline schedule should be f(?rmulated
"* for issuing, cleaning, inspecting, and maintaining respirators.

Comparizon of Initial and Followup Studies

~ Table 7 shows a comparison of dust concentrations found in
"** the five plants by product during the initial study (1953-54),
' gollowup study (1951-55) and routine plant studies (1956). The
".data indicate a marked improvement in plant environmental con-
'ditlons. Except for the high-temperature, straight-calcined
product, the dust concentrations have been greatly reduced. Over
“three-fourths of the overall dust levels reported in 1956 were
- under 5 million particles per cubic foot of air. The high peak
“values found earlier were also reduced. For example, only 47
."percent of the flux-calcined, airborne dust counts were under 5
< ‘million particles per cubic foot of air in 1953-54 compared t0.84
* percent in 1956. Twelve percent of the values were over 21 million
particles per cubic foot in 1953-54 compared to none for 1956.

. Tanik 5. Summary of dust concentrations aceording to product during initial studv,

1953-54, follorcup study, 1951 55, and routine plant studies, 1956, 5 plants combined
i Alillons of partivles per cubic foot of air

! e e

Product Year Nutiher Sor H-10 ‘ 20 ¢ 2 -'tr
ofsamplo~  under ! i over
i : | P
] - .
» PPercent of satmples
F o : s ol A ! 6 30
. Overburden and crude 138 At N 21 | A i "
R TIRY Rt N7 11 20 . 2 3
TS i B 1Y ' n ' i 0
WA : : 51
Natural ... Jood 51 I6d 1 21 19 ‘ 5t
WA 55 l 63 o 21 l 1! 35
s i oY Wi | ! 5 9
WA ' [ 32 : 10
Btralght caleined (hirh teniperatiee) W A 5% 43 32 13 "
sk 4y i Tl N 32 17 i
19t ‘ we " 23 23 u:
7 : 7! 12
Flux caleimed 1uag 5t 171 4 - |’g ‘ »
1954 5% [ [1%) 14 12
1950 ! 257 s | 14 ; 2 | 0
N : ‘ &
Miscellancous 1953 5t ! TS W 1= ! ‘l ®
o an ! i PR 15 6 h
190 | 356 0 | i 1 !
. - ) e | - »
Al products combied 1958 51 Lo K3 23 1 .
| 1uat s KESW 5y 1L 1 0
pah ! LR 4 14 5 3

[

$Anitlal study by Pabhic Health Serve anel State Aepartments of heslth
. Y Followup study after | yoar by Pub he Health Scrviee and State dvprat i ns of wadth,
Do '_Roullne dust evaluation provesm by plant sedr
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Millions of dust particles per cubic foot of air

Figure 12. Percent of samples showing indicated dust concentrations in million
particles per cubic foot of air determined in the 5 plants during initial study
of 1953-1954, in the follow-up study of 1954-1955 and in routine plant
studies during 1956,

The bar chart, figure 12, showing distribution of dust counts
over this same period for all products combined dramatically
presents this contrast. Out of 865 airborne dust samples colleeted
in 1953-51, only 338 percent were under 5 million particles per
cubic foot and 22 percent were over 21 million particles per cubic
foot. In 1956, of 8533 samples colleeted by the plants, 79 percent
were under 5 million particles per cubie foot and only 3 percent
were over 21 million particles per cubice foot.

No reduction was noted in airborne dust concentrations for the
high-temperature, straight-calcined product during the period
covered. Although this product accounted for only & minor portion
of the production, it contains an appreciable percent of eristobalite.
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Al The improvements in environmental conditions were un-
~'_“doubtedly attributable to the concentraded efforts of the com-
panieﬂ in improving their dust control programs during the
fnterim period. The engrineering planning, however, was done

prior to this period. ‘ .

" Tllustrative of the concentrated efforts made by the companies
. to improve their dust control programs are the following:

All of the 5 plants performed routine dust evaluations. One
- plant provided all guarry mobile equipment cabs (figs. 13 and 1.1)

_ with filtered air (49, 50). Another plant provided operators of
£ quarry equipment with air supplied hoods (fig. 15). Very

i extensive engineering programs were instituted to control dust
. at its source. As examples, improved ventilation was provided
s at diatomite product packers (figs. 16, 17, and 18). Bag air
" eleaners were used (fig. 19) to remove diatomite product from
.- the exterior of bags and facilitate good housekeeping. The
_ palletizing press was provided with exhaust ventilation (fig. 20)
" In one plant. Figure 21 shows a special blowoff hooth designed
- to remove dust from work clothes, while figure 22 illustrates an
. exhaust ventilated booth used for blowing off equipment. Modern
L “mechanically operated, enclosed baghouse dust-collecting equip-
ment is shown in figures 23 and 24, A tremendous improvement
was noted in housekeeping.

Figure 25 shows a view of typical mill operations and illustrates

the difficult problem of housckeeping in such an area. The fm'mm'.
practice of cleaning work areas and equipment by blowing off
with compressed air has been replaced by other methods such
as a vacuum hose (fig. 26) and portable vacuum cleaning units
(fig. 27). Still another improvement in operation which greatly
reduced dust dissemination was the development of a method of
unit loading of bagged products (fig. 28).
It seems evident thal the increased attention to dust control
measures during this period resulted in a marked decrease in the
dust concentirations over those found during the initial study. As
indicated in table 7, however, some arcas are still in need of
additional dust control measures. In an industry of this type,
continued observance of the dust control program and vigilance
are required, otherwise excessive dust exposures are certain to
arise.
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The

e adequate dust control inside

ing replaceable air filter.

Figure 14. Ventilating unit in truck cab showi
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filter is changed at regular in

the cab.
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Figure 15. Operator of carryalls in quarry wears an air supplied hood provided with clean air.

Environmenital Studies

Figure 16. Packing station. Operator removing filled bag which is being
'~ dropped onto conveyor. In the background and shortly above to the right
of the packing spout is located a small outlet approximately 4 inches in
diameter attached to the ventilating i h packer is provided with
such an outlet which will pick up the spout as each bag is

filled.
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lllﬂ 20 Pallenzmg press. Note louver under pallet rack, whereby suction
air provides cleqnlinass ¢t ghe station.

Figure 19. Conveyor from packers to palletizing pit. Bag air cleaner is
located at end of conveyer.
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Figure 25. Processing area showing rotery kilns eand classificetion oquipsnent. . .

. 6 Mill cleanup showing central racuum system standpipes.
Wi for cleaning spills, strugtuyal mcml_pen and mill floors.
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Used for cleaning diatomite dust from equipment with compressed

The doors are closed in normal operation.

air.

p -L e’

Figure 22. Blow-off booth.

Figure 21. Personnel blow-off boath. In normal operation the door is closed
and the dust blown off the worker is picked up by the downdraft exhaust

system under :I“grating.
i

| T
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2o

Figure 23. Dust collection system showing complesely enclosed baghonses.

Figure 24. Dust collection system showing cyclone collectors and completely enclosed baghouses.
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The prestacked bags have been lifted off the warehouse

pallets and are being placed directly in the boxcar.
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Figure 27. Mobile vacuum cleaning unit for warehouse floor cleanup. Note
the unit-loading of the freight car in the background,
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Figure 28. Unit loading of boxcar.
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Modical Studies Y

. Procedures
%
Medical Studies

The major objective of the medical studies was to (e
the prevalence of pneumoconiosis in the diatomite induy
to provide data for better definition of etiologic factors.
huped also to gain useful] information relating various deg
roentgenographic change in the lungs to clinical manife
physiologic changes, and laboratory findings. i

Although detailed examinations were carried out, only thoge¥
results which have a direct bearing on pneumoconiosis ar

84 Physical Examinations o .
o ﬂ? .yal histories were taken to obtain mtormntmnl (111
0] i i » diatomite industry and to
terming g nd past employment in the diatomi e., R
! loyees had been exposed previous _
i vl a1 haza. i i i re designed to
It . % 1 otrial hazards. Medical histories we si :
ol . mptoms on past illnesses
rees of & IR B gnformation on current symp , d o i
stationg ¥ SRNNEi ht have lefl sequelae m" _phy , radio.
4 e ol S o Jaboratory findings. P ysical examinations 1ncluc 1
‘Mll;":"" weight, pulse rate, blood pressure, anc

o

e res Rt ure ; examination of the chest; palpatlof‘ Ofdﬂ:i :::::TS::H
ported at this time. For the most part, the findings described wer - ,', 6gi“of the skin and mucous mgmbranes, an‘ )
derived from a single examination of employees. Such a study } "";"-'emities for edema or clubbing of fingers.
of a cross section of conditions in the working population hag} o bt ¢

obvious limitations, since it does not permit estimation

incidence of roentgenographic changes, symptoms, or altere

tion, nor does it permit observation of progression of the

and the environmental factors influencing change. €3
Preliminary to the study, the five participating plants supplied .. o

the examining staff with case records of former employees with a! RLY Examinations i all

diagnosis of pneumoconiosis, together with past chest films and ¢ () owing determinations were made when possible on

’ ' : it .ell count based
relevant laboratory data. Lack of information on the number RN SR hdts : white blood cell count, differential blood cell ¢

_ YT . . . lobin using a
of individuals employed the many years during which these cases § BT ‘Rells, photoelectric estimation of oxyhemog
kad developed, and on the number of less severe cases, made {t :

d i e b he W introbe
' [ ‘x.{'V ';,'c. Ol()l i"letel , 8¢ i"le"tatJO" lat y t 1 t
illlpossib]e to determine accur atEIy the incidence of pneum()c(mio. 3 %

* RN, ematocrit levels, and serologic test for sy;;htll::.determi
. . . . _ ' 1+ (I8 Sy . . febing o ~
sis in the past. Available records on absenteeism and cases com- STRh| fne‘_urmalyses were carried out consisting

. i 2 e i i ar together with
eamingfol anaepn” kewise provided inadequate material for | IR epecitic gravity. pH. albumin, and sugar tog
meaningful analysis. v —— crqcopic examination of centrifuged s .

of the ]
d fune.
disease v

] b'grams

éop! taken on 14- by 17-
' sopic chest roentgenograms were i ‘ 1-
- i ‘i‘; a target distance of 60 or 72 inches, at 200 milli
SR ilng stationary equipment.

Vo

Personnel and Facilities J_l]_Tests T
Riployees were given intradermal tests wi ' ere pr,Otei"
)] i n, and coccidioidin. The tube.rc'ulm wz‘xs a purll) d prowelr
yansupplied by the former Di}\{/lsul(;l‘\1 ost"e(l,‘}\];'c():.lcth:do.ge. and
Ohat&losis of the U. S. Public. Hea fice; se 3

_ ﬁ&?iiﬁstoplasmin was also suppl'ied by the sarge D'I(;ilsil(?:;
'“:f;':"I-' ot H-42, and was used in a dilution of 1:100. (I)Jcc!vem“v
o "-f'. bbtained from the School of Public Health of the Universily

! : - Smith, and was

SRR [ &lifornia, through the co ‘ L.C.dl‘zg.gh}:?)lut:-‘q :fter s

IR 1n dilution of 1:100. Re, rea 5 rin

R i i the extent of induration,
W% {on and were classified on the basis o

. ., 2-plus
RBRIY0 mm. being designated 1-plus (+); 10 to 20 mm . vrx)rith
W Y over 20 mm., 3-plus (+++); and severe reaclions

Physical examinations of workers in the five plants were 34
carried out by a field team from the Occupational Health Program
of the U. S. Public Health Service, consisting of a physician, a
physiologist, and a medical technician. In the study of the Cali-
fornia plants, a physician, medical technician, nurse, and X-ray
technician were assigned by the California State Department of
Public Health. Medical and occupational histories, physical ex-
aminations, and skin tests were responsibilities of the physicians;
the physiologist uqrmed pulmonary ventilatory tests and
obtained screening electrocardiograms, while the medical tech-
nicians performed laboratory studies of blood and urine.
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S i

8 ¢,

the ti .
“}'l:r‘t;rr:t:‘ (;)f t?e examinations. Of this group, chest roentgenogram
individuale;:)]q:ggggpl?jy;es, or about 94 percent; the percents h.l k
: ged from 80 to 100. An additi
1 . . An additional
onrefszpl(})’f}?s had phj./sxcal examinations but missed cheirt”lfli?m(;f.‘
cal exarzi t(? 869 having roentgenograms, no histories an;] phyal.' \
o 84 p na 1tonsf were obtained. Thus, there were 785 employees,
ercent of the employment roll i '3
tions. Data presented in thi s, with complete examina. "
. is part of the report i '
on this number or on the 738 port are based either 3
of other dust exposures.e workers who had no prior history g

EE A
nercentage of

(gt between 30
i referred to.
tribution by

JHS diatomite ind

Sex, Race, Age, and Duration of Employment

pefcl;itpsvililatio}?tstud;ed was 94 percent male. As to race, 98.6
e white, of whom a i e
Spanish-American origin. pproximately 22 percent were of
th"ll;hih:g:vo(:'kssrib“ti‘)" ngCh is presented in table 8 suggests k- Y >
é 'kers examined were relatively i ‘ T —

i y young, with largest

percents found between ages 20 and 34 years. When compareﬁ to

BINELt : ‘and in the

smployed Num
* wor.

SE™ omparison show

filage of workers over 50 years of a

BNt of the employees examine

a 0'}"ears of employment in t
R ¥maller. In the study of nonfer
SEPEANt ¢ foundry industry, 55 percent; chromate industry, 59

N 10. :Dislribu!ion by years employed in diatomite industry of 785 work:

Medical ot s

Pulmonary Function Tests L, R
Maxim : o . SO + distribution of 785 diatomite workers examined in 1953 54
timed V'tall breat}'ll-ng capacities, vital capacities and 3 . AR 33/ R
. 1ta caDaCltles were determined fr L -Recong Number of | Percent of \ Age (years) Nuinber of | Percent of
with the use of a 1314 i . om tracmgs prepa 4 workers workers workers workers
by Motl /-3 iter spirometer by the methods d P I'Qd' - | D et [
ey (17). A predicted value for maximal breat 8 describod - S 3 s |l 4540 0 8.4
was calculated for each male subject b Nf rea hing capaclty '§ - 128 163 || 5054 . - M ‘3
p. 264): y Motley’s formula (17, § e I e IO
10 13.4 Total..o oomoeeen-- 785 100 0
MBC = (97—A/2) (BSA) - 52 105 o
Where . : i H B T D B
MBC = Maxi i g - - s
= mum bre P : ] .
per minut athing capacity in liters - .adiuribuzion of 785 diatomite workers examined in 1953-54, and of workers
A=A nu. & . Ly ‘ 24 n other industries studied by the Public Health Service
B _ pSe of subject in years, and b » - -
Prior to th = Body surface area in square meters Namberar| Percetigf?s )
. - w b
© fun(:tlon teStS, a Scree"ing 3-]ead l i B Industey Ql:l‘;“ﬁ\':d Under 30| 30-49 5 years
was made by means of di o e eCtroC&l‘dlogra : years years or over
of a direct-writing electrocardiograph. " I —
General Ch .. O P, .cocoocan oo 785 29 8.1 9.0
aracteristics o . I iheta) mines. ... oo m 3.7 53.3 12.0
Approximately 9 f Workers Examined B 1.937 2.8 45.9 323
Imate 40 NS ... - 897 1.5 513 342
Y workers were employed by the 5 plants .t e 350 15.4 52.0 32.6

s that the diatomite industry had the

workers under 30 years of age and smallest

ge. The proportions of

and 49 years were fairly close for all 5

years emp

ustry. The proportion of workers wi

loyed (table 10) shows that 85
d had worked less than 10 years

th less

he other industries studied was
rous metal mines, it was 54

open hearth steel industry, 35 percent.

in 1953-54
ber of | Percent of ‘ Y ears employed Number of
kers workers workers

g ————

;g;:rr:ng::?l;ef studied by the Public Health Service, the age
metal mif;es‘ (21 b Ot: workers examined in Utah nonferrous g :
work i 51), but differs, as shown in table 9, from that of 3§ e

ers in foundry (52), chromate (53), and o hearth steel ' R k.
(54) industries. , pen hearth stee

233 10
213 2
153 4
51 . Totul ..

1

785
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\ Anderson (7), from the}r stu "
Ftl:l‘;:r of diatomite-exposed individuals, concluded tha

i i ions
rliest recognizable changes were sn.nple lmesrstiexigtgee;z;ts iy
» finer bronchovascular pattern, v\_'hlch the:yk es f ted o o
-ihere was evidence of definite linear thlc. c;m tg,n()dmatiom

I ‘!the e Ofdt};e e 3::;: S’dssl’lctri‘ltérl (l))l;' them as Ps,
' sign : ird linear stage,
R .{J rcig:iq?: ;:sigéagetﬂz)dulation. but wit.h poorly de_f;‘nci(;;]?'dlrxrlﬁz
) Wdeldom as discrete or wei:ll deﬁn'ed :1:0 1:; acil;::tlzinz; ; osis.” The
R ‘ﬂiors described as assoc

L . . .. ] al Studies
66 Prneumoconiosis in Diatomite Mining and Prorossing d Medical Stuc . t
: "4 L . ing equipment,
Occupation . B classification syste}rlns, p‘z(lckn?fg a;‘tdv:(;:diln %heqmi“ that
. . ) g o and plant housekeepling. : . .
For purpose of analysis, occupations were classified into three / gtenancees oceurred to calcined and flux-calcined diatomite
categories: quarry, mill, and office and maintenance. The classifica. Vel !’exposu!' reciable amounts of cristobalite.
tion of the 785 workers into these 3 categories, as of the time of . " talnin% apa‘;ntenance group, which totaled 370 employees,
the 1953-54 study, is shown in table 11. e Dffice an 1'nth executive, administrative, or clerical dltl)tleS-
RS, s wi ’ : 3 ora-
b ‘.“those ed in a variety of nonmill maintenance, la
TanLe 11, Occupational distribution of 785 diatomite workers as of 1933 54 S those engag. asSignmentS In all of these, dust exposures
m N i
Occupation Number of O . ’ ¢[\j 'dhousek(elep diﬁmtely less thal} t the quarry or m}“
h er - : . ey i
workers cepation Nuimber of 8 gegar(:le as 1l size of some and the proxnmlti
— e 1 BLeatse of the sma . d as dus
R Rehue i few assignments could be regarde
Quarry ... 104 Office and maintenance. ... m 1 h pus Operatlons’ osures to various dusts. No attempts
————— e Lk Jusi 088 exp!
Truck driver. . ......... ... ........ 33 || ofce: 2 ,“),, ) _xc‘us‘ve Of cr . hted dust exposures, due to freque.nt
Tunnel and train worker .. ... ... 15 Administrative and cxecutive of- - . ,',’ ude to calculate welg I} to lack of qua]itatwe
Bulldozer operator. ... ... ... .. 1 Aceworkers .. .. . "-_ L -'u‘l work assignments, as well as e
Crane-shovel operator ... ... .. ... 9 Lahoratory worker ... . ul - ’ﬂ' ';_. n . . ti on past dust conditions.
Foreman and supervisor. ... ... 7 Engineering department worker “Y i‘.ntitatlve information
Dragline operator ... .. . ... ... 6 Miscellancous (garagemun, driver, RS . e - .
Qrader operator .. ... ... ... [ and others) . .. . '} : Pulmonary 0 lndlngs
Labover. ... ... ... .. ... 4 || Maintenance: - 1. bt . ed from cheqt
Mij ddrilter. ... ... . 2 Maintaine by L, Jol ain N
Misorltaneous. ... - - n weider : {ve data referable to the_ lungs were l?nonary ventilatory
e Carpenter... ............ .. . ’l s L rams physical examlnatlons) pu . H t d cases
Ml 3n Electrician. ... .. _._......._... . "y . SR A INOg ' iolo ic Studles mn selecte :
- Mechunic. SR "3 S n’tradermal tests, and bacterio 08 upational histories,
Packer _..._._........._.............. 82 Sheet metal man .. .. ... .. .. TR ) ,"1 . 1 vidence was derlved from occup kers
Loader .. ... ... .. ... 38 Miscellaneous (blacksmith, brick- o Bditional e t symptoms as given by the wor :
Brick plant worker. ... ... . 30 layer, erector, guard, machinist, e B ious 1llnesses, and present sy
Foreman and superintendent. . ... . 27 oiler, painter, plumber, rigger e Bl ¢ .
tl‘!;;:ck operator........... ';’: andothers)......_._...._ ... _. » 1R .t""‘;n of Roentgenographic Abnormalties bers
T = N J b . hysician mem
Miltman ... _._._.. . 14 Total .. .. ... ... ™ RS, initially 1ns eCted by the p y H
Shipping department .. ... 12 i t_.ﬂlms were ]nltl-a y tp | nd for detectlon of abnormah-
Packerand loader.__....._.._._..._ .. 1 H fleld team for quahty con r? a . ]Oyee's pri\'ate
Miscellaneous (baghouseman, diyer- R e . : i notlﬁcatlon of an emp )

; i the immediate ta-
kiln operator, fireman, janitor, (.ﬁ’ pquiring ently filed for later interpre
leaderman, sackroom worker and hY¥i lclan. The films were Sl,lt)Seq‘.1 ts!
others) . ... ... ...... ... I . 7] RN L . adio]O 1818. :

by a panel of three r g study of chest films in 2

Quarry workers numbered 104 and represented all who were
engaged in the quarrying of crude diatomite, including the re-
moval of overburden, loosening the underlying crude diatomite
bed, loading the crude diatomite into trucks and hauling it to
the mills. Most of the quarry workers were employed in the opera-
tion of dirt removal and transport equipment. From environ-
mental studies, it may be concluded that the exposures of these
workers were almost exclusively to crude amorphous diatomite
with little or no cpj alite content.

Tuberculosis Control, Californis State

Mill operations Inc uded the purification and treatment of the B4 Dr.Waldo R. Oechsli, roentgenologist, T e s, 12 o lemwf
BDesariment of Public Health; Dr. Georse Jacobson, [ radiolok. Caifornia o

crude diatomite, and the packing and Shlpping of ﬁnished I)[‘()d' Hospital, and professor of rvadiology. Univeraity o . o eron of o il

ucts. The 311 mill employees examined were engaged in operat- R adlains, Los Angeles, Calif.; and Dr. Armand E. Reo o e and of Specis

. . . | ! ' L i 1th Service, comp?! o denr a8 the
ing and tending crushing and screening equipment, driers and P ' e e.:..l ‘1.; :l. ::b.g“lz:;mm. <. compried he ponel 1 reted o0
calcining kilns, pneumatic transporting systems, product purifica- S8 Bt sty Subavrt, B B
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68 Pneumoconiosis in Diatomite Mining and Processing 3

“cross-hatching, reticulation, or fine mottling” which simulutel
a ground-glass appearance but which was actually of a “lucyltke
character.” On rare occasions was noted a nodular fibrodis, but
with fuzzy ill-defined borders. More advanced stages werg 9
characterized by the development of massive opacities which {n £
serial observations were usually preceded by diffuse, fuzzy, 53
localized mottling. Changes consistent with compensatory em.W
physema, emphysematous bullae, and gross distortion of tho'
pulmonary structures accompanied later stages. "

In the current study, the panel of radiologists, after reviewing :
serial films in proved cases of diatomite pneumoconiosis, observing
pathologic material in a number of cases, and classifying the®
abnormalities observed in the 869 films taken in the study, agreed
that the major changes fell essentially into 2 categories. Al

One category included films showing fine linear or minute |
nodular-appearing shadows, and the other, those showing similap %
shadows accompanied by more extensive confluent opacities. In
the initial classification of films, an attempt was made to grade"
separately the extent of involvement by abnormal linear and %
nodular opacities. It soon became apparent, from comparisons of
successive interpretations, that the differentiation of the two was 2
often impossible and that the changes were usually coexistent. Tn ™
the final classification, therefore, linear and nodular manifesta- %
tions were combined into one category, namely, linear-nodular g
changes.

In final form, the classification of films was in accordance with
the following scheme:

i
8’ Case 1, p. 78.

LN,—Slightly increased linear or linear-nodular changes, beyond those con-
sidered average or normal for the given age and suggestive of very early
perivascular thickening.

LN:—Definitely abnormal linear-nodular changes, extending over a total area A
equivalent to one lung field or less, in one or both lungs. R . g

LN;—Definitely abnormal linear-nodular changes, extending over a total area n !
equivalent to more than one lung field. Characteristically there was a §
more noticeable nodular component in these. /

C.—Shadows suspicious of econfluent opacities, usually superimposed on definite
linear-nodular changes.

C:—Definite confluent opacities superimposed on linear-nodular changes, the
former extending over a total area less than the equivalent of three
anterior rib interspaces, located in one or both lungs.

Cr—Definite confluent opa gextending over a total area equivalent to three
or more anterior rib rspaces, but not greater than the equivalent of
one hemithorax. A minor degree of distortion of lung and surrounding
structures may be present.

C—Massive confluent opacities, involving an area greater than the equivalent
of one hemithorax, with gross distortion of the relationships of thu hili,
heart, trachea, and diaphragm.

AP often by an apparent increas
i 5 these linear or minute no

i

A
]
A'l&

?pur examples of films classi
'~z C,) are shown in figures

»
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A.,- l». .
gure 29. Chest film interpreted as
.. pneamoconiosis with coalescence.

B all the films observed in this seri
'!i'( rever so dense or discrete as tho

; ofs. serial films, progression ap . ‘
. , e in the profusion or concentra-

dular changes, than by an in-

BPRRRE In the apparent size of nodules. In all cases with confluent

es there was an underlying patt

e but this was sometimes minimal.
s presented S0

y oup the film
though as a group o to other forms of pneumo-

a’(';‘téristics, the basic resemblan
Bimlosis, both simple and complicated, was
T ré‘lndistinguishable from some films se
f3on{osis in granite workers and coal wor

¥ linear-nodular changes have no
Mifenity in satisfactory reprodwelion.....

consistent with advanced

Classified LN:C:. See

es, nodules were small and
se characteristic of qua.rtz
peared to be accompanied

ern of linear-nodular
me distinctive

apparent. Certain films
en in cases of pneumo-

kers.
ving coalescent changes
ples of films showing

een illustrated because of
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Figure 30. Chest film interpreted as consistent with
advanced pneumoconiosis with coalescence bi-
laterally. Classified LN;C:. See Case 2, p. 79

Film Interpretations

qullmts were .read lndepen.dently by the 3 radiologists on 2 fux
separate occasions, once using the tentative classification and '.
again using the simplified classification presented above.? At an
intermediate session, 184 films, approximately one-half 'of them
proble_m ca§es, were given special review. Where there was dis-
agreement in independent interpretations, conferences werc: held
at tl.le'e.nd of the session and a consensus was reached‘ In neither
the mlt{al interpretations nor in conferences was info'rmation on
work history available prior to reaching a decision. In certain
doubtful cases past films were used for comparison wi.th the ill‘l(]\'
films. Cox:relation of initial readings (prior to knowle(lgo.o\'c.n
of the.eXIStence of a file of previous films) with final realdiﬁ;zs’
and with occupational histories, provided evidence for the obi(-;'-'

tyers,

™

tivity of the interpr. .

) .t]\r?a:ysls of the several readings showed the usual intraobscrver

and interobserver variations, particularly apparent in the doubt- g .
X %

? Ninetyv-ni A Lo
ety-nine Blmy from plants studied in 1954 were re ' at onlv une session ugic v the f1aal

clussification.
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i Figure 31. Chest film interpreted as consistent with

0 categories (LN, and C)).
":(-' films in the series were in
at all sessions. Another 69 w
S Hefinitely abnormal, although the degree o
ously interpreted. Fil
,w)_'ir: nimously into any cate
04’ it was these cases W
ﬁgiologists, leading to the
,_h\e following discussions the term
‘_aie'ﬁce of pneumoconinsis" refers to
V;. “Positive” or “definite”’ roentgenograp
g l!l pneumoconiosis implies categories
ombination with C,, C., “Simple pneumoconiosis"
nplies linear-nodular chan“ definite evidence of con-
nt lesions, namely, LN.
it 'at‘shadows (C,). “Confluent pneumoconiosis”
&” is limited to categories C., Cy. OF Cs

Medical Stodies

advanced coalescent pneumocnniou‘o, with dis-
tortion of intrathoracic structures and basal em-

physema. Classified LN2Cy. See Case 3, p. 79.

Nevertheless 518 (60 percent) of
terpreted as normal by all ob-
ere unanimously regarded
f abnormality was
ms from 231 employees did not fall
gory of negative, doubtful, or positive,
hich led to most of the conferences of
final interpretations used.

“doubtful” or “doubtful
films falling in category
hic evidence consistent
LN. and LN, alone or in

or LN, alone, or with doubtful con-
! or “confluent
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Flg (- 32 . d Lt § 0 aq (1
ur . Chest ﬁ'"’l l"!e'p'?‘(’d as consistent with ad need
pneumoconiosis, wl'h ('oalelcen( denu'ues in bO"’l upper ‘llﬂ

8

fields. Classified LN:Cs. See Case 4, p. 80

as consi i i
sistent with, but not diagnostic of, pneumoconiosis
Films Interpreted as Abnormal

In the final classification, 713, or 82
were i ! ’ percent, of the 86
Iine:rl'r:]t:(;':ll::eghzs normal; 78, or 9 percent, as showing dc?ulf)‘ltl?lﬁ
linear-nodular (LNngesL(LN'); 29, or 3 percent, as definitely
nodular plus do bt:for N3); 17, or 2 percent, as definitely linear-
showing deﬁniteu li ul confluent (C,); and 32, or 4 percent, as
shadows (C., C, mnOdUIar changes plus definite confluent
or 9 perCent-' we?re - . Thus of the entire group of films, 78,
percent, as },Iaving l(;leg;‘i){eted as doubtful, and another 78, or 9
w'.;h a diagnosis of Pneumzczz?::ienogmphic changes consistent
s poi arli . .
wenn ][;clknitned out earlier, histories and physical examinations
g on 84 employees. Exclusion of these individuals

W. Clark Cooper and Lewi
ewis J. Cralley, Pneumoconiosis in Di - -
’ osis in Diat
ACL Doc 11989 - Page 45 of 57 omite Mining an

Although the roent

. genogram provid jecti

i ' roent ' es the best )

stud?:scei:‘;:ll:(?JSgl:' dl;gtr})losmg the dust diseases, short (;lzjticst;::

. , ize at diagnosis ¢ '

ot . | annot depend
erpretation alone. Changes described in the ﬁlmspare cgr[::i’:lef:'lerg

Medical Studies 73
nificantly alter the percentages of posi-

B analysis did not sig
ps, as shown in table 12.

Ims in the various grou

v
Comparison of results of interpretutions of chest films of workers in the

12.
e diatomite industry, taken during 1953 5%, by study group
Study group
4 ’ : Workers with history of
fim Interpretation Al workersinstudy Workers w m- no dust exposuic prior
plete exa fon to entering distomite
: industry (see text)
L U q_ - — e
Number | Percent Number‘| Percent | Number Percent
713 82.0 642 81.8 812 83.0
1 78 90 (] 8.8 54 9
e -
aiple LN)—LNi. .. ... o 29 3.3 2 3.6 24 3.2
Bmnple LN+Cyo- - 17 2.0 16 2.0 16 2.1
ianfluent C1, Ca. Cy 32 3.7 30 338 28 38
.............. 869 100.0 785 100.0 738 100.0

s

A

scupational histories were reviewed to identify workers who
MAd exposures in dusty environments previous to their employ-
“In the diatomite industry. The last column in table 12 shows
ect of the exclusion of all individuals examined who re-
employment involving exposure to gilica dust for
or to other dusts for over 2 years.
totaled 47 (785 minus 738, see table 12)
follows: 30, normal; 11, LN,; 4 as
(confluent lesions).? Although

LS

Morted prior
Byer 1 year,
,._hé excluded workers
Fith film interpretations as
§iN, or LNs; and 2 as C., Cy, or Gy

‘,
¢ 30 individuals wit

dust exposures in
od as coal miners, 4 who had been exposed to perlite,
ellaneous exposures.
11 exclusions in doubtful category
oral dust exposure in & 2l-year-o
yoars in a brass foundry in an emp
1 year of pilot plant work, with a variet
910 years of grain dust exposure.
. ‘{ e § years of heavy cotton dust exposure in an employe
@nsustry.

. 4 years’ hard rock mining.
'Y, 10 years as rock mason’s helper and 2 yea
. J. 6 years’ hard rock mining.

] 9. 15 years' hard rock mining and surveyl

MY 10. 15 vears as ore crusher and mule drlm‘ine-
“ & 11. 8 years’ grain dust exposure.
B/ The 4 exclusions in categories LN, and LN, were:
, 21 years as soft coal miner.
; :‘{ years as hard rock miner.
Y. 16 years as hard rock miner.
By 4 years us asbentn worker
Lhe 2 exclusions in categories C.. C,. and C, were:
ard rock miner 1 year.
E¥ard rock miner 1% years.

re excluded from analysis because of
perience, 4 who had
rs, and 8 with

h normal chest films who we
cluded 11 individuals with hard rock mining ex
8 former foundry worke

‘4*-“‘4

(LN,) were:
1d employee with only 3 mo
loyee with only 3 months in diatom

nths in diatomite industry.
ite industry.
iy y of exposures.

e with only 6 months in diatomite

rs as molder’s helper.
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) Published by AsbestosClaims.Law

asbestosclaims.law/library/11989/45


https://asbestosclaims.law/library/11989/45

74 Pneumoconiosis in Diatomite Mining and Prosessing . L Medical Studu

EXPOSURE Mixed -

F
only | Office or

the abnormal films in individuals with prior exposures were not 3

—X
2<
-
()
o]

isti v Mixed- ! ]
characteristic of quartz or other pneumoconiosis, they have been "N Quarry only ! maintenance i with mill | with no mill
excluded from analyses where their inclusion might lead to | only I exposure exposure
erroneous conclusions. ' | ]
|
1
Chest Films as Related to Duration and Type of Exposure Chest Film

The relation between film interpretations and duration of &
employment is shown in table 13. Simple additions show that of 'y
251 employees in the industry for 5 years or more, who had ng ™ o
prior exposure to other dust, 64 or 26 percent had chest films 4
consistent with a definite diagnosis of pneumoconiosis (that lg,-f 3
greater than LN,); of 109 employed 10 years or more, 45 or 42
percent had such films; of 63 employed 15 years or more, 29 or 46 -3
percent had such films. - :

TasLe 13.  Interpretations of chest films of 738 workers examined in 1953-54 by duration ' 3
of employment in the diatomite industry, workers with history of other dust exposures ' 33

excluded
Chest film interpretation
Definite
Duration of employment Workers
(years) examined Normal Doubtful
o LN, Simple | Confluent
LN:—LN3;| LN+C, ‘ 3, (Y, Cy
Number of workers
i ill
Lessthanl . ... ... .. X 261 253 7 1 0 ? Under Over Exposure in N":f:e
Bk T .. 14 9 1 1
;—; e 'ﬁg foz 21 10 ‘ [} 5 5 5 5 5 Un;er O\;er
10-14. ... ... . 4] " 21 9 7 5 [}
15orover..... J . 63 22 12 5 6 " URE
IR A R I XPOS
Total . . .. 738 612 58 2 16 ] YEARS OF E
S S % . . ding to type, and durafton
X ; lassified according
o TS 3. Chest film interprelations c
Percent of workers ~ B L : rc(‘;:? ﬁ 0’ exposure. See table 14.

‘ ; : 0. 0 ° SRS - . . 3 is presented the
S Iy o s .o o1 04! 04 ¢h type of activity. In table 14 dnd-ﬁgur? 32t;1e p738 workers
A ' ot e o i o Vi stribution of chest film interpretations Jor to other dusts
10-14 . o 1000 5.6 96 152 w0y | L) ot . TP sures to othe
10rover . 100 0 b w1 7.9 9.5! .8 (amined, those workers_ Wlﬂ? pltmtlh:txrl)l?’:'lrly all definitely ab-

Total P B e B e Y fhaving been excluded. It 1; eviden yment in the mil where
. o ormal films are assoc med diatomite containing

he workers may be expose <o work had
b : ‘ty-eig 01 employees whose Wo

fptobalite. Forty-eight out of ¢ ad lientgenogruphic changes
(LN. or more): 21 of

As stated earlier, the work assignments of each worker were
classified as quarry, mill, or office and maintenance. Each in-
dividual's total emplovment in the diatomite industry was de-
seribed in terms of the approximate number of years spent in

"u Juded 5 or more years in the mill h

' ﬁitely consistent with pneu'moconiosis
BhEe had definite confluent lesions.

2

W. Clark Cooper and Lewis J. Cralley, Pneumoconiosis in Diatomite Mining and Processing (1958) Published by AsbestosClaims.Law
ACL Doc 11989 - Page 46 of 57 asbestosclaims.law/library/11989/46


https://asbestosclaims.law/library/11989/46

76

v

TarLe 14, Interpretations of chest Ims of 738
l}
by type and duration of exposure, workers with

diatomite workers examined iy jys
history of other dust exposures ¢

Yeludedd

—
Chest film nterpretation
Denl .
Duration of exposure | Work- I sfimt
Type of exposure (years) ers ex- T e
ined ) . . .
amined/Normal|l (;::lhl ‘—__‘Slllll—ﬂl‘ N Conllyeng
LN, N
le,— LN+C [ e0h¢,
—_— . .
Number of workers
_— —
Oflice or maintenance  Under 5. 98 94 3 0 1]
only. &5 or more. . 48 42 5 1 0
Quarry only Under 5 ... 43 4 ] 11 1]
§ or more 25 15 10 0 [}
Mill only Under5 . 23 273 9 "1 0
5or more | . 56 24 9 10 8
Mixed - with min Under 5 in mill 130 106 9 4 4
§ or more in mill. 45 1 ] 6 6 1
Mixed—nomill. .. | None in mill 10 6 3 1 0
Total 738 612 58 24 16 -]
_ —_———
Percent of workers
L o
Office or maintenance & Under 5 1000 950 a9 0 10 0
only. 5or more. .. 100.0 87.5 10. 4 2.1 0 [}
Quarry only Under 5 100.0 95. 4 23 23 0 0
Sormore .. .. . 100.0 60.0 40.0 0 [ 0
Mill only Under 5 100. 0 96. 4 3.2 -4 0 L]
5 or more 100.0 42.9 16.0 17.9 8.9 "3
Mived-~with mil Under 5 in mill 100.0 /1.5 6.9 31 31 5.4
S or more in mill 100.0 245 20.0 13.3 13.3 M9
Mixed--no mill None in mill 100.0 60.0 30.0 10.0 1] ]
- ]~ -*_"." =
Total 100.0 82.9 7.8 33 2.2 38

1 A i0-year-old man, cployed only 11§ years with no known previous exposute.  Because of shor and
nondusty exposure, almost certainly not

dintomite pneumoconiosis.
? This employee worked 9 years in laboratory.

? Unexplained changes in an croployee exposed for only & months and not regarded as due 1o diatomite
pneunloconiosis.

¢ This employee had g history and physical signs consistent with rhenmatic heurt disease.

Despite the division of exposures at “he 5-year point, it should
not be assumed that 5 years is in tny sense a critical period of
exposure. Several workers were ohserved with definite roent-
genographic evidenge of pneumoconiosis who had from 1 to 3
years’ exposure in the mills with subsequent work in the quarry,
maintenance or office. Workers with unusual susceptibility or
subjected to very heavy exposures apparently may show roent-
genographic changes in less than 5 years. On the other hand, a
number of employees were found who had worked in the mills

Pneumoconiosis in Diatomite Mining and Processing :
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< Wil

.
{ : y v o ﬁlmb ere undnlmOuS y

as normal. s qu: ex-
) ;errlft:: whose employment was confined to the quarry
pWorke .

i ¢ s, although prolonged work
lbited Pl’ac-tlca")’ . ?)E:)inaotz[(;h\l)\l/itﬁ}:rg high proportion of doubtful
A the auant s o e LN,). This evidence is in agreement with
'ngar_n?du‘ir c:‘:::]t%s:s( by lVi.gliani and Mottu'ra.(5), ar}d lSmla(\);t’
iy e 58(7) that risk of pneumoconiqis is rel'atnve ); v
d A hose, exposure is confined to crud.e diatomi :ted
. b&? 'WOrkerS :‘llmse exposed to calcined materufl. It is unwe‘lrra " is,
'mparedtt: regard the natural material as innocuous since
glowever,

ribute to
gt known to what extent quarry SYROTREEE BE Ei?eti'ﬁilogic
';” :lmonary reactions resulting from dUStskocoircentrations to
‘ c:i\?ity. Moreover, the average and thgdp?: the past were not
Bl arry workers were €Xpos! ‘ the mill
g a?ilfy %l;' th)e, same order of magnitude as those in
1 es8s

Ménvironment.

nl; i and Age . .
K nfgenogmplh; tchl(l:nf;:s‘: ﬁlr: interpretations of the dlat(})‘mtl}t;(;
i lassified according to age of worker.. Althougosure
9}'1“?1‘3 ?re i eflects in large measure the duratlf)n of exp ure
e d}St“b“t_lg;“ rarious. degrees of roentgenographic ch.ang;e‘, 1a )
;3 ;;::::‘zgtv:; nc:,te the large number of positive films in the ag

Roroups 35 to 44 years and 45 to 54 years.

jatomite
Ch'est Films of Workers Exposed to Fresh Water Diato

i om chest

B Two of the plants studied, with 89 worker;. (::)\mv;/t}; R

I d minations were made, processed dia nite o oy

e i ‘fxé the other 3 plants with 696 workers han o0 e
| ’h::e:v:trt:flgi;ltomite. Because it has been suggested that the

ir bi i data were
i i i in their biologic effect, ‘
D o e dotermine 1 dlﬁ; gl::h difference could be established.

i ite plants,
in fresh water diatomi _
s dular (LN,) changes, 7 with

Loy
3 B

y nalyzed to determine if an
¥ Among workers employe‘
:there were 6 with doubtfulNlme:rI—‘r;;) S b LN, or LN, plus Cy
' i i 4 kY 2

s ?:]l;“:ii?isni(ti Z:rtl'f;ulént- I(:esions). In all these c'a;‘s:s;ewg;:i:
' w';(tlhlpv::zvious dust exposures had‘been exrcnl(l)lcdoe;:“li-OSiS emay o
3 lndicate that changes consistwft\gl;ﬁte' Only 46 workers
A workers eXl.)(:SGddit;)t(f:;Sifel plants had been employed t‘;:):'t ‘(’)‘r’“";
l 5n o~ fr::}(ll :)vndlyelis for over 10 years. Despite the fac:his‘gruup.
! h};e:;:é with definite confluent lesions ap!);ar:g;";ﬁ“geacuvity of
:'jconclusions are warranted as to a differ .

Blatomite based on its source of origin.
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net. ¢ ‘ nwne ar roces i
z ‘ cHmMocontosis tn Dla‘ﬂ"l” 1 l' (1] d
~ an ‘ Sl'l‘

ARLE 1§ I m
I . h nterpretation g
" (:“ ,"t ‘5 of chest Silms of 738 diatomite work
A P, toorker. " . * Workers ] 1
s with lllslor_y oj other dusl eaposure. P-‘;""I”"ml .
& & s excluded

e Chest film interpretation
Age (yvars) Workers T T T e
examined Dout Definue =
Normal O T“ tiul T T
! N . P,
1 Simple Contl
______ L onflyeyg
LN;— h C-—
S Ni—-LN:| LN+, Lo
o B R R
R Number of workers o —
Under 25 . T e
53 .7 : 166 161 T —
3544 T o 283 259 I: 2 0
45-54 v o 17 133 3 4 2
Ssorover .. ;1; e » 1 M
) 6
13 3
) e - I !
Total .. . — | ——— 1 3
- 738 12 5; - - S !
) 24 T
16
——— m
L Percent of workers T -
Under 25 - e
234 ... 100.0 97.0 L2 - -
oo O X B Y Y I 0
55 w 100.0 9 7.8 6.4 7 1
or ove . ! 8 ) .
tover . . 100.0 53. 5 2.2 70 1.6 8
. 43.4 20.0 3'3 35 2.8
Totut k) [ S - 10.1 o
100 0 820 — | e o B
- | [ I 3.3 9 o C
i LN

Case Histories

Four films, r
, reproduced as fi
ferred to in the di . s figures 29-32, were i
abnormalitie:er(l)scr::f(lm;}?f the classification of "091‘1):;;:1(())‘;']: }:‘C‘
the clinic: : e the films more meaning . phic
histo inical value of the study, a résumé i ingful and increase
. ries associated with the films 15 given of the case
ASE 1.—A 48- o
and employed i:?h)'esr-old _wh}te married male, born in Tex:
as a packer, 117 e diatomite industry for 12 years. First e-an'
4 years, Or;er::fezears', then a§ transporter of crude. diatom“i,fl I;ed
classified as 10 yﬁq'"f‘rry equipment for 6 years. Work h'el or
20 cigarettes per ‘dl:b In quarry and 2 years in mill. Smokes l'sbory
plaints at time of ay. History of pneumonia in 1950 Onlb'd -
moderate exertionuTu:i\;ey were intermittent I’illpitaiion ;nfl()l::t:
about as good 'spnea, although he felt “his wi is
findings esseng:l?ther sedentary individuals of his ages-. I‘:}:T .l-;
over right Uppery] nbormal ext;ept for diminished brez'ath q(l)ll I(‘T‘
Sedimentation mte 011e ﬁoste:mply. with fine inspimton,‘ rlxlll(:s
. rate, 11; hematocrit, 48 -ent. : o
syphilis, . . ’ percent; serolo S .
negative; hemoglobin, 14.8 grams percenrt({lovs;lc'tt%btl fml
’ Ite blooc

5
Ap<.
N

E11 count, 9,00
Mkin tests with tuberculin (0.000

i {stoplasmin and
Reapacit
B 8-secon

{tal capacity of
dconsistent with advanced pneumo

= C

I fied LN,C,. Followup
P rog ression.

' ’,,-‘CASE 2.—A 46-yea
, pnd employed in the
Bhistory classified as being approxim
13 years mill. Rela

% pneumonia in 1
;'hich time he was told his
2Xtuberculosis.” Hemoptysis twice

1953 ,14-"

B2 included palpitation, mi
B occasional chest pain.
f'a few coarse inspira
e anteriorly. 8
B globin, 14.4 grams percent ;
e white blood ce

‘cent eosinophils,
- Maximal breathing capacity,
' of predicted 130; 3-second time

" negative, with 0.005 mg.
% foplasmin tests, negative.

4

' -j___tubercle bacilli. Chest
with advanced pneumoconiosis

. ‘was first employed in the
. gurvey, with no previous
r laboratory, and b years ir

"’ breath and no other respira

'v_er left lower lobe posterior

Medical Studies v

0, with normal differential count. Urinalysis normal.
1 mg. PPD and 0.005 mg. PPD),
negative. Maximal breathing
or 111 percent, of predicted 148;

d timed vital capacity, 4.33 liters, or 92 percent, of total
4.7 liters. Chest film, figure 29, interpreted as
coniosis with coalescence. Classi-
d as showing no

coccidioidin,
y, 164 liters per minute,

films at 2 years interprjte
. ",

r-old married white male, born in Colorado
diatomite industry for 26 years, with work
ately 13 years quarry and
tively nondusty work for 9 years. History of
941. Febrile disease in 1949 for 4 months at
“lungs were bad but negative for
1950. Symptoms at time of survey
pnea for 6 to 8 years,
No abnormal physical findings except for
tory rales in apices and below clavicles
edimentation rate, 26; hematocrit, 44 percent ; hemo-
serologic test for syphilis, negative;
percent polymorphonuclear
7 percent monocytes, b per-
and 3 percent basophils. Urinalysis normal.
99 liters per minute, or 76 percent,
d vital capacity, 2.98, or 81 per-
Tuberculin test with 0.0001 mg. PPD,
PPD positive; coccidioidin and his-
Bacteriologic studies negative for
interpreted as consistent
bilaterally. Classi-
showing no

ild exertional dys

1l count, 8,800 with 64
neutrophils, 21 percent lymphocytes,

cent, of total vital capacity.

film, figure 30,
with coalescence
fied LN,C.. Followup film 2 years later interpreted as
progression.

CASE 3.—A 32-year-o

born in Wisconsin,
2 years before the
He had mixed ex-
ars in the

1d married white male,
diatomite industry 1
dusty employment.

calcined products, 6% ye

andling
1. He was a nonsmoker. Past

1 the mil
history included bronchitismmnable pleurisy in 1935
following a rib fracture. s 1948. No shortness of

tory symptoms except slight pain in

p inspiration. Physical examination was
inspiratory breath sounds”

ly. Laboratory studies included

posures, with 1 year h

:left lower chest on dee
‘described as normal except
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sedimentation rate of 5, hematocrit 47 percent, hemoglobin 14.4
grams percent, serologic test for syphilis negative. White blood
cell count 5,700 with normal differential. Urinalysis normal,
Skin tests with tuberculin (0.0001 mg. and 0.005 mg. PPD), coceid-
ioidin and histoplasmin, negative. Maximal breathing capacity
159 liters, or 95 percent, of predicted 169 liters; 3-second timed
vital capacity 5.35, or 97 percent, of total 5.49 liters. Chest film,
figure 31, interpreted as consistent with advanced coalescent
pneumoconiosis, with distortion of intrathoracic structures and
basal emphysema. Classified LN.C,. Followup film 2 years later in-
terpreted as consistent with progression of coalescence.

CASE 4.—A 24-year-old single, Spanish-American female, born
in Arizona, was first employed in the diatomite industry 7% years
before the survey. She worked in the mill area with exposure to
calcined diatomite products for 7 years (4 years without a respira-
tor) and was then transferred to office work. Work history
classifed as 714 years total, with 7 years mill and one-half year
office. Does not smoke. Only complaint is mild dyspnea for 1 year
if works too hard or walks too fast. No positive physical findings.
Laboratory data included sedimentation rate of 20, hematocrit of
43 percent, serologic test for syphilis negative, hemoglobin 124
grams percent, white blood cell count 9,200 with normal dif-
ferential. Urinalysis normal. Skin tests with tuberculin (0.0001
mg. and 0.005 mg. PPD), histoplasmin and coccidioidin, negative.
Maximal breathing capacity 86 liters; 3-second timed vital
capacity 2.98 liters, or 94 percent, of total vital capacity of 3.16
liters. Chest film, figure 32, interpreted as consistent with ad-
vanced pneumoconiosis, with coalescent densities in both upper
lung fields. Classified LN.€C,. Followup: Employment terminated
3 years after survey. Film taken at this time was interpreted as
showing slight progression. The coalescent lesions showed in-
creased density and evidence of beginning calcification. '

Results of Intradermal Tests

To secure evidence bearing upon the possible relation of in-
fection and the development of pulmonary changes in individuals
exposed to diatomaceous earth, workers were tested for in-
tradermal sensitivity to tuberculin (0.0001 mg. PPD), his-
toplasmin, and coccidioidin.

In table 16 are summarized the results of the tests which were
performed and read in 741 of the 785 workers who had chest
films and physical examinations. Tests were either not performed
or not read in the remaining 44 subjects in this group.

d
apLE 16, Positive reactions to intradermal
k. coccidioidin in relation to interpretations of

" in 1953-54 o
"-’—’ Tubercul
';' Chest film interpretation \&:1‘:-(:{5 + ‘ 4 or
‘ more
X 603 8
- *:‘-Normuloh [ o ;
A¢ Doubtful LN ..oooocomzee
X pefinite: .
R te LNa—LNa oo = s
B gimple LNACi ooooemne- o 3
Confluent Cs, Cs, Coceunnn
Total .« oomeanmmmns 741 104
N X 12.9
Normal O..ocovoommmommos 603 e
poubtful LNv.....ocommiimeee
fs: Definite: o
i3, gimple LNa—LNy ... 118 2
%" gimple LN4Ci ooooooer 12.8
B> confluent C2, Ca, Coooeeo - n) .
13.6

'+ Most of the positive reactions

B

"B 1o these antigens is known to be
" Although there was a

: (23.3 to 273 percent) when

- films (19.1 percent), this is of doubtful significance

% is di i s when
%% 0.10). Even this difference disappear
3 &%‘ for age. Two-thirds of the normal films wer

> 85 years of age, of whom 16.1

© 85 and over, with 26.4 percent
@ normal films, on the other hand,
¢ 85 years old and over. When

in the 138 workers with abnor
the 36 that actually occurred.

1t is of great interest to no
. workers with definite confluent

470119 0—58—-1

“ Medical Studies
R

chest films of 41 diatomite workers examined

Numiber of workers tested with positive reactions

115 70 \ 103 \ 36 3‘;
18 5 1t 8
1
7 ] 2
4 4 3 1 :
7 3 4
151 87 125 46 45

Percent of workers tested with positive reactions

77.3 1.6 21.2 9.1 7.6
2.9 19.2 7.7 1.7 :;:
25.0 25.0 12.8 6.3 16 ;
23.3 10.0 13.3 33 ‘—_._—
‘*—;: 1n.7 16.9 6.2 6.1

B could be explained by previous res

higher proportion of positive tuberculin

. . in workers wit C
reactions (++ or more) i compared with those with normal

¢!, tuberculin reactions, while one-third was

i i xpected
number of positive tuberculin reﬁons (++ or more) exp

tests with tuberculin, hisloplusmin, and

Coccidloidin

++ or
more

e

in Histoplusmin

++ or +

more

+

191 11.6 17.1 6.0 5.8

to histoplasmin and coccid.ic?ld.m
idence in areas where sensitivity

prevalent.
h abnormal chest films

(P =0.05to
the series is corrected
e of employees under
percent showed definite positive
from the group aged
showing positive reactions. Ab-
occurred preponderantly i'n those
age corrections are applied. the

n‘ﬁ 33.8 compared with

te that only 23.3 percent of. t_h'e
lesions (Cz Ca, C,) had positive
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(++ or more) reactions to tuberculin, with an additional 20 per-
cent having questionable (+) reactions. The group did not differ
significantly in the proportion of positive reactions from those
with doubtful LN, or definite LN, —L\Nj;, or C, changes, nor when
age adjustments were made, from those with films interpreted as
normal.

Results of the skin tests do not suggest any relation between
tuberculosis, histoplasmosis, or coccidioidomycosis and the roent-
genographic changes found in these workers.

Other Studies for Tuberculosis

Additional attempts to secure evidence of tuberculosis were
carried out in 28 out of 30 employees in whom confluent shadows
were found.* Twelve of the 17 who were negative to intermediate
strength tuberculin (0.0001 mg. PPD) were given tests with
second strength tuberculin (0.005 mg. PPD). Nine again gave
negative responses, while positive reactions were obtained in 3.

In 12 of the 16 workers with confluent lesions and 1-plus or
greater reactions to tuberculin, attempts were made to culture
tubercle bacilli from sputum and gastric contents. Twenty-four-
hour sputum samples were obtained from 10 employees and fast-

- ing gastric contents were secured from all 12. Upon culture, the
specimens were reported negative for tubercle bacilli. Sputum
and gastric samples from an additional group of three employees
with doubtful confluent lesions were cultured and reported nega-
tive.

Obviously single gastric and sputum samples are inadequate to
rule out tuberculosis in any individual case, but the high propor-
tion of negative tuberculin reactions and the completely negative
results of cultural tests are strong evidence that these lesions do
not represent active tuberculous infections. Because the patho-
genesis of tuberculosis is so often atypical in the pneumoconiotic,
it is hazardous to draw more sweeping conclusions. Caldwell
(55) in 1958 reported a number of proved cases of tuber-
culosis in individuals with confluent diatomite pneumoconiosis,
and Smart and Anderson (7) similarly described such cases in
their series.

One cannot draw conclusions as to the incidence nor the course
of tuberculosis in subjects with diatomite pneumoconiosis on the
basis of a cross-section survey. The medical programs of the

¢ Retesting these subjects and obtaining sputum and gastric contents for culture were carried
out by a physician from the Bureau of Tuberculosis and a physician from the Bureau of Adult
Health of the California Statc Department of Public Health. Hacterivlogic procedures were
performed by the Division of Laboratories of the same health department.
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dustry lnclude frequent chest films and bacteriologic studies
? en indicated. Thus, workers with active tuberculous infections
- ould presumably be detected and would not appear in the study
TP
hysical Signs and Chest Film Interpretations
' ‘_.Physlcal examination of the chest, as carried out in the survey,
'“l"l not of consistent value in the detection of the pulmonary ab-
Eaniormalities revealed by the roentgenogram. Even in individuals
BItNe v th definite conifluent lesions, 57 percent were reported as ex-
ltlng no abnormal physical findings. In those with definite
hr-nodular changes but without confluent shadows, 72 percent
i) reported as normal by physical examination. The signs
,u ) tfrequently reported were altered breath sounds (diminished,
RrC ichial or bronchovesicular breath sounds dependent upon types
"'Jn llon) and occasional inspiratory rales and expiratory wheezes.
e nly one individual was found with severely clubbed fingers,
(AN ‘from his history this was apparently congenital. Five indi-
Lo( uals, and this included the subject with most severely impaired
EDy monary function, had slight clubbing of the fingers.

¥l
;
.
T

te plrltory Symptoms and Ventilatory Function

X Physical examination records of employees with definitely ab-
jormal chest films and without history of previous exposure to
: llca or other dusts were reviewed with respect to symptoms refer-
able to the respiratory tract and the results of pulmonary ventila-
e _ry tests. Twenty-three cases with LN, and LN; lesions, 14 with
ey oubtful confluent lesions (C,), and 28 with definite confluent
slons (C,, Cs, and C,) were regarded as appropriate cases for
alysis.
'-f the 23 employees with definite linear-nodular changes but
' lth no suggestion of confluent changes, 13 had no respiratory
mplalnts Four had only minor complaints, such as morning
tﬁh and fleeting chest pains; 4 others had mild exertional
ipnea, with or without palpitation, occasional cough, and mild
‘ cheat pain; and 2 had moderate exertional dyspnea. One of the last
“had roentgenographic evidence of bullous emphysema. Three of
the 28 had maximal breathing capacities slightly below 80 percent
of their predicted values (npfdsnaljggeathing capacities were 79
-percent, 77 percent, and 74 percent), and 1 had a 3-second timed
{}al capacity of 75 percent of total vital capacity. None of these
) derhne function test results was from those who had symp-
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Similar analysis of 14 subjects with questionable confluent
lesions (C,) revealed that 11 were free of respiratory symptoms,
although all had definite linear-nodular changes. One had a non-
productive cough and two had mild exertional dyspnea. All had
maximal breathing capacities above B0 percent of expected values,
and only 1 had a 3-second timed vital capacity below 80 percent.

Of 28 employees with definite confluent lesions, 11 had no respir-
atory symptoms. Five complained of mild exertional dyspnea, 4
of moderate dyspnea, and 1 of severe dyspnea. Six had complaints
of cough. There were scattered complaints of chest pain, hoarse-
ness, and wheezing. The individual with severe dyspnea had had
this symptom for 4 years; he also complained of severe productive
cough, which had been greatly improved by treatment, including
bronchodilator drugs begun 114 years before the study.

Maximal breathing capacity or timed vital capacity was below
80 percent of predicted values in 13 of the 28 individuals with con-
fluent lesions. The maximal breathing capacity was low in §
workers; the timed vital capacity low in 4 workers; and in another
4 workers both tests were low. In the worker with severe dyspnea,
maximal breathing capacity was only 23 percent of predicted, and
3-second timed vital capacity was 567 percent of total vital ca-
pacity.

In general, symptoms and pulmonary ventilatory tests corre-
lated poorly with roentgenographic findings except in the most
severely involved cases with confluent lesions. Only in the group
with definite confluent lesions did an appreciable number of in-
dividuals show impaired ventilatory function by the methods and
criteria applied, when compared with controls of the same age
chosen at random from those with negative films. Analysis of the
results of pulmonary function tests in those with normal films
showed no impairment correlated with increasing exposure beyond
changes to be expected with increasing age.

To secure more information on possible changes in function
associated with the inhalation of diatomite, a group of approxi-
mately 150 workers in the study was selected, on the basis of age,
exposure, history, and chest films, for more intensive study under
independent auspices at the University of Southern California.
Motley (18) has reported findings on the first 30 such subjects
examined and has compared the results with those in 20 other
patients with diatomite pneumoconiosis who were studied because
of suspected impairment. While some of the study subjects showed
evidence of reduced ventilatory function, the reduction in the sub-
jects selected from the present study group was far less than in
other cases seen for evaluation of suspected disability, in some of
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*of function. This confirms the caution necessary in appraising the
e full clinical significance of pneumoconiosis from a sample of people

actively at work. Equal caution is necessary in drawing conclu-
“ gfons from those who seek medical care since such workers do not
dequately represent those who remain free of symptoms and lead
n active life despite roentgenographic evidence of extensive pneu-

g p observatlons at 2-year intervals were planned as part of the
G0 yqnll study. These followup observations consist of a review of
hest films of workers with over 2 years of employment whether
hqy’are still employed or have left the diatomite mdustry, and

VDY y the plants. Workers who have left the industry are traced by
'j he State health department which then arranges for the taking of
4 ea'f films either during community surveys or through local
9 he llth agencies.

EThe first of a series of the 2-year followup studies covered 1955—
and the results are presented here. A total of 375 chest films
\go been reviewed. These films were from 2 of the plants which
3 ployed b85, or about 75 percent of all 'the workers examined in
he original 1953-54 study. The 375 films, moreover, represent
ractlcally all of the workers who were still employed. The follow-
p films were reviewed by the same radiologists who participated
‘ maklng the original interpretations. Each film was interpreted
g cording to the classification developed for this study. The film
Vas then compared with the original study film and an opinion was
lched as to whether or not any change had occurred in the in-
r‘venlng 2-year period. Of the 375 films reviewed, 19 were re-
rded as showing progressiqn, as summarized in table 17. Only 1

.]284 cases formerly examined in the study and reported as nor-
mal was now classified as definitely positive, and only 1 of 40 cases
formerly called doubtful was now interpreted as positive. The
ﬁhunges observed in definitely positive cases are of less significance
n appralsmg current dust haz j8 sipce roentgenographic evi-
ence of progression may occur In well-developed pneumoconiosis
he absence of continued dust exposures. Enough evidence is
ivnllable from the few individuals, who have terminated em-
A;u and have been traced, to state how often this may he
ln dlatomite pneumoconiosis.
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These observations are encouraging but should not be considered

final since they are based on only a 2-year followup period.
Summary and Conclusions
TanLe 17. Summary of chest films of diatomite workers interpreted as showing pro.
gression between initial study in 1953-54 and followup in 1955-56, based on 375
workers who continued at their employment

Environmental Findings

review of past operating procedures, technologic development
In ‘the industry, and available dust concentration data indicated
{hat dust exposures in the diatomite industry in the past were
probably geveralfold greater than they were during the study of
he Industry in 1953-64.
"4\ he initial study of five processing plants in 1953-54 pro-
vided baseline data on the concentrations, and chemical and
B bhysical characteristics of the dusts encountered for subsequent
Beobservations in the industry. The data obtained indicated:
1. The crude diatomite in the plants studied was essentially
morphous silica. It contained less than 5 percent quartz and only
itraces of cristobalite and tridymite.
2. The high-temperature, straight-calcined diatomite parent
terial had a cristobalite ~untent of about 15 percent for
In product and 21 percent for baghouse product; for flux-
clned parent material, the cristobalite content was about 49
W rcent for main product and 61 percent for baghouse product.
2Only traces of cristobalite were found in the low-tamperature,
fraight-calcined product. Tridymite was found in trace amounts
ronly in any of the diatomite products.
&4+ 8. The source of the crude diatomite, whether of salt or fresh
e water origin, did not appear to influence the percent of cristo-
balite found in the finished products or their airborne dust.
X%l 4. The airborne mill dusts were generally of a uniform size re-
gardless of product and had a median size of about 1.1 microns.
iThe size distribution of the dust favored maximum retention when
haled.
& B. The airborne dust concentrations encountered were generally
}ce‘ssive for dusts with high crystalline silica content.
*% Environmental followup studies made of the 5 plants approxi-
mately 1 year and 2 years after the initial study showed that

P

1953-54 study Number of workers with chest Ailms showing progression in i3
) 195556 1

Definite

Chest film Number of Doubtful
Interpretation workers Total LN, Simple Confluent

LNi~LN:| LN4C; | CiCuC

NormalO_ . .............. ... 284 4 3 1
Doubtful LNy .. ... ...... 40 1 0 1 0 0
Definite:
Simple LNy—LNy . . _. 2 4 0 0 1 3
Simple LN+Cy..... ... 7 2 0 0 1 1
Confluent C1,C3,Cq. ... . 22 8 0 0

Total ... ........... 375 19 3 2 2 12

&R

)., marked improvement had been made in lowering the dust concen-

- trations. However, some areas were still in need of additional dust

control measures. RS v

& The nature of the products, and operations in processing diato-
gﬂte are such as to favor major dust dispersion. A continued and

' ct adherence to a comprehensive dust control program is es-

] in maintaining dust concentrations at safe levels.
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Medical Findings

1. Roentgenographic examination of 869 diatomite workers
showed changes interpreted as consistent with a diagnosis of
pneumoconiosis in 9 percent, while doubtful changes were found
in an additional 9 percent.

2. When workers with previous dust exposures or missing occu-
pational histories were excluded, roentgenographic findings con-
sistent with a presumptive diagnosis of diatomite pneumoconiosis
were found in the same percentage (9 percent), and doubtful find-
ings in 8 percent.

3. Abnormal films were positively correlated with duration of
employment in the diatomite industry. Of 251 workers employed
b years or more and who had no prior dust exposure, 64, or 25
percent, had chest films consistent with a diagnosis of pneumo-
coniosis.

4. The prevalence of abnormal chest films was especially high
in employees in the mills. Of those employed in the mills for 5 or
more years, approximately one-half (48 out of 101) had films con-
sistent with a diagnosis of pneumoconiosis. The mill dusts con-
tained a high percent of cristobalite.

6. Exposures in the quarries were associated with a lower pro-
portion of abnormal films; none of 25 employees who had worked
there exclusively for over 5 years had a positive film, but 40 per-
cent showed doubtful linear-nodular changes. The dust in the
quarries was essentially amorphous silica.

6. There was no evidence to indicate that tuberculosis, histo-
plasmosis, or coccidioidomycosis was related to the development of
roentgenographic changes in the employees studied. Limitations
of the survey did not permit the drawing of conclusions as to the
incidence and the course of tuberculosis in workers exposed to
diatomite dust.

7. Pulmonary signs and respiratory symptoms correlated poorly
with roentgenographic changes, except when there were massive
confluent lesions.

8. Workers with advanced confluent lesions showed reduced
pulmonary ventilatory function in some instances. Those with
only linear-nodular changes displayed no consistent pattern of dis-
turbed function.

9. The extent and severity of pneumoconiosis, as evidenced by
roentgenographic changes, appeared to correlate with cristobalite
content of the dust and the length of exposure. In general, ex-
posure to dust with high cristobalite content elicited severe re-
sponses in relatively short periods of exposure. In contrast, the

wa

Summur y and Conclusions 49

Tyesponse to the amorphous diatomite was much milder and re-
/quired relatively long periods of exposure.

t  10. Followup observations in 2 plants, in which 375 films were
reviewed of employees with 2 years’ additional exposure following
the survey, revealed evidence of progression to a positive category
in only 2 cases previously called negative or doubtful. Fourteen
previously interpreted as positive were described as showing slight
“* to moderate progression.
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Recommendations

Although data are still not available upon which to base final
recommendations for maximal allowable concentrations, present
evidence warrants that atmospheric exposures to cristobalite-
containing dust be kept under 5 million particles per cubic foot of
air as determined by standard light field counting procedures.

Atmospheric exposures to amorphous silica dust should be kept
under 20 million particles per cubic foot of air, based on good
engineering dust control practices, until additional data are avail-
able to define biologic activity. High-level exposure to amorphous
or crystalline silica, even though brief and intermittent, should
be avoided. o

Dust Control

The following recommendations are given as a guide for dust
control in the processing of diatomite. They are the essentials of
any good dust control program regardless of the industry.

1. Control dust, insofar as possible, at its source of genera-
tion.

2. Enforce a rigid program of good housekeeping.

3. Give special attention to maintenance programs. Repair
all dust leaks immediately, and in the case of major leaks, close
down equipment involved until repairs have been made.

4. Instruct workers in proper operational procedures for
minimizing dust dispersion and assure adherence to these pro-
cedures.

5. Enclose baghouses and equip them with automatic bag-
shaking devices.

6. Assure that stack effluents do not contaminate work areas.

7. Institute a program of routine evaluation of dust ex-
posures.

8. Provide a respirator program supplementary to the en-
vironmental control program for protection against intermilient
high dust exposures. A routine procedure should be established
for issuing, cleaning, and maintaining respirators. Only U. S.
Bureau of Mines approved respirators should be used.

Labeling
Suitable caution labels should be displayed on all shipping con-
tuiners for cristobalite-bearing diatomite products where high
atmospheric dust concentrations may arise in their handling and
subsequent use,.

90

Recommendations 9l

Medical Program

The present program of preplacement and periodic medical ex-
* aminations should be continued. This program should include chest
* yoentgenograms, studies of pulmonary function, and tests to insure
_early detection of active tuberculosis. At frequent intervals there
. should be an epidemiologic revaluation of the pulmonary status of

*the working population.
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